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Abstract

Background—The APOE4 allele is the strongest genetic risk factor for Alzheimer’s disease 

(AD). It has been associated with an accumulation of amyloid-β (Aβ) in the brain, which is 

produced through the sequential cleavage of the amyloid-β precursor protein (AβPP) by β- and γ-

secretases. Alternatively, AβPP is also cleaved by α-secretases such as A Disintegrin and 

Metalloproteinase Domain-containing Protein 10 (ADAM10).

Objective—While several studies have investigated the impact of apoE on β- and γ-secretase, 

interactions between apoE and α-secretases have not been fully examined. We investigated the 

effect of each apoE isoform on ADAM10 in vitro and in human cortex samples.

Method—ADAM10 activity and kinetics was assessed in cell-free assays and the biological 

activity of ADAM10 further investigated in 7WCHO cells over-expressing wild type AβPP 

through ELISA. Finally, ADAM10 expression and activity was observed in the soluble fraction of 

both control and Alzheimer’s Disease human cortex samples through ELISA.

Results—In a cell free assay, ADAM10 activity was found to be significantly lower in apoE4 

samples compared to apoE2. 7WCHO cells over expressing wild type AβPP exposed to apoE4 

demonstrated reduced formation of sAβPPα compared to other apoE isoforms. We also identified 

APOE and AD dependent changes in ADAM10 activity and expression in the soluble brain 

fraction of human brain cortex.

Conclusion—Overall, our data demonstrates an apoE isoform-dependent effect on ADAM10 

function and AβPP processing which may describe the elevated amyloid levels in the brains of AD 

subjects carrying the APOE4 allele.
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1. INTRODUCTION

Alzheimer’s disease (AD) is the most common form of dementia affecting an estimated 44 

million individuals worldwide. One of the pathological hallmarks of AD includes the 

extracellular deposition of amyloid-β peptides (Aβ) in the brain. The accumulation of Aβ is 

thought to be one of the primary drivers of AD pathology as brain Aβ levels strongly 

correlate with the severity of neurodegeneration and cognitive impairment [1–4]. In addition, 

the elevation of Aβ appears to precede the neuroinflammatory and neurotoxic events 

associated with AD, indicating Aβ accumulation has a role in the early stages of AD [5].

Aβ is produced via proteolysis of the type I transmembrane protein amyloid-β precursor 

protein (AβPP) through the β secretase pathway [6]. Sequential cleavage by beta-site AβPP 

cleaving enzyme 1 (BACE) and γ-secretase results in the production of Aβ40 as well as the 

pathogenic Aβ42. While the β- and γ-secretase enzymes have been extensively studied in 

AD [7, 8], treatments targeting these enzymes in clinical trials have largely failed to improve 

the AD phenotype and generally exhibit poor toxicological profiles [8–11]. In addition to 

cleavage via β-secretase, AβPP can also be proteolysed through the α-secretase pathway 

resulting in the formation of soluble AβPPα (sAβPPα) which has been shown to rescue 

synaptic function and promote neurite growth [12, 13]. A prominent enzyme in the α-

secretase pathway is A Disintegrin and Metalloproteinase Domain-containing Protein 10 

(ADAM10), the expression of which is controlled by the retinoic acid receptor (RAR) and 

the retinoid X receptor (RXR) [14]. It exists as both a membraneassociated protein and 

soluble extracellular protein (sADAM10), formed via ectodomain shedding at the cell 

surface. The resulting intracellular domain (ICD) is sequentially processed by γ-secretase 

and translocates to the areas of the nucleus involved in active transcription [15]. Recently, 

several ADAM10 mutations were identified that resulted in decreased ADAM10 activity. 

The reduced activity was associated with elevated Aβ levels in vitro, suggesting that 

diminished α-secretase activity may be a contributing factor in AD pathogenesis [16]. As 

such, promoting the α-secretase processing of AβPP may be a viable therapeutic strategy to 

abrogate Aβ brain pathology and the development of AD.

ApoE is a 34kDa glycoprotein that exists as three isoforms in humans (apoE2, apoE3 and 

apoE4), with the APOE4 allele representing the strongest genetic risk factor for AD [17]. 

Possession of one or two APOE4 alleles increases the chance of developing AD by 4- and 

15-fold, respectively when compared to APOE3 homozygous individuals [18]. In addition, 

AD patients and transgenic AD animals homozygous for APOE3 show reduced brain Aβ 
deposition compared to subjects homozygous for APOE4 [19, 20]. Despite the well 

established link between APOE genotype and AD pathology, the exact mechanism by which 

apoE contributes to the AD phenotype remains unclear. Prior studies have identified apoE-

dependent differences in the processing of AβPP, the majority of this work has been focused 

on the β-secretase pathway [21, 22]. While it has been suggested that inadequate processing 

through the α-secretase pathway may lead to increased levels of pathological Aβ [23], there 

has been little investigation into the role of apoE in α-secretase function. Therefore, the 

purpose of this study is to assess the influence of APOE genotype on the activity and 

expression of the α-secretase ADAM10 in the context of AD.
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2. MATERIALS AND METHOD

2.1. Human Cortex Samples

Human cortex samples (inferior frontal gyrus) were obtained from the autopsied brains of 

non-demented (ND) and AD subjects with different APOE genotypes as summarized in 

(Table 1). The origins of the human samples are listed in the acknowledgements.

2.2. Isolation of Brain Fractions

Brain fractions were isolated from the human cortex samples using a modified technique as 

previously described by our group [24]. Briefly, using a Dounce homogenizer, the tissue was 

homogenized in HBSS on ice. A sample was collected representing the whole brain 

homogenate and diluted 1:1 in lysis buffer (M-PER + 1%EDTA +0.2%PMSF (Thermo 

Scientific, IL, USA)) supplemented with Halt protease and phosphatase inhibitor cocktail 

(Thermo Scientific, IL, USA). The remaining homogenized tissue was diluted 1:1 with 40% 

dextran followed by centrifugation at 6000g for 15 minutes at 4°C. The soluble fraction of 

the cortex sample was obtained from the supernatant. All samples were immediately stored 

at −80°C until further analysis.

2.3. Collection and Enrichment of Human Lipidated ApoE

Glial cells expressing human apoE2, 3 or 4 isolated from neonatal mice were kindly 

provided by Dr. Mary Jo LaDu (University of Illinois at Chicago) [25]. Lipidated apoE 

particles were collected and enriched from the mixed glial cultures as described in our 

previous work [26]. Briefly, human apoE expressing mixed glial cells were plated in 150cm2 

flasks (≈1.5 brains/flask) in DMEM/F12 (+10% FBS, L-glutamine (2mM), and 1% 

penicillin/streptomycin). Upon confluency, cells were washed and incubated with serum-free 

media for 72 hours. Glial-conditioned media was collected and centrifuged at 1000g for 3 

min to remove any residual debris before concentrating (≈10x) using the Vivaspin 15R 

centrifugal concentrator with a molecular weight cut-off of 10 000 Da (Sartorius Stedim 

Biotech, USA). The resulting concentrate was analysed for apoE content using a human 

apoE ELISA (MBL International Corporation, MA, USA) and stored at −80°C until further 

analysis.

2.4. ApoE and AD Mediated ADAM10 Activity

The effect of apoE on ADAM10 activity was assessed in a cell free paradigm utilising a 

fluorescent substrate. Recombinant ADAM10 (1μM) (R&D Systems, MN, Canada) was 

incubated in the presence of lipidated apoE2, 3 and 4 (0.5–250ng/ml) and the fluorescent 

substrate PEPDAB010 (5nM) (BioZyme Inc., NC, USA) for 1 hour at 37°C before detection 

of fluorescence. Additional kinetic activity analysis of ADAM10 (1μM) was carried out in 

the presence of apoE (0.1 – 300ng/ml) and a fixed concentration of PEPDAB010 (5nM). 

ADAM10 and apoE were pre-incubated at 37°C for 1 hour before addition of PEPDAB010. 

Enzymatic activity was then measured by fluorescence every 35 seconds for 30 minutes at 

37°C. The rate of reaction for each concentration of apoE calculated by taking the initial 

gradient in the linear region and plotting it against the concentration of apoE. In all the cell 

free activity assays, to determine whether the substrate was metabolised by apoE itself, 
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fluorescent substrate was incubated with various concentrations of apoE alone in the absence 

of ADAM10. These values were used as background controls for each apoE isoform-

ADAM10 treatment combination. For all cell free activity paradigms, fluorescence was 

measured at 485/528 Ex/Em using BioTek Synergy HT microplate reader.

2.5. Human Cortex ADAM10 Activity and Expression

To evaluate ADAM10 activity in the soluble fraction of human brain tissue, 50μl of the 

soluble fraction was added to PEPDAB010 at a final concentration of 5nM before incubation 

at 37°C for 1 hour. Activity was analysed as previously described in section 3.4. After 

completion of the original study, an ADAM10 specific substrate, PEPDAB063 (Biozyme 

Inc., NC, USA), was made commercially available. Therefore to validate our previous 

results, a panel of 10 samples (one of each genotype both the AD and the ND cortex 

samples) was randomly selected and tested against the values obtained with the original 

substrate (PEPDAB010). An identical method to the PEPDAB010 protocol was used with 

the exception of the fluorescence being measured at 480/530 Ex/Em. Percentage variation in 

the same sample between each substrate was calculated after being standardised to a 

reference sample. This analysis was repeated using each of the samples being used as the 

reference sample and an average variance obtained. Expression of ADAM10 in the cortex 

samples (both homogenate and soluble fraction) were obtained via ADAM10 ELISA 

(Cloud-Clone Corp., USA) as per the manufacturer’s instructions. Expression and activity 

data was standardized by total protein content obtained though bicinchoninic acid (BCA) 

assay (Thermo Scientific, IL, USA) of the homogenate.

2.6. ApoE Dependent sAβPPα Production

7WCHO cells over-expressing wild type AβPP were incubated at 37°C in DMEM F-12 

(10% FBS, 5% Pen/Strep, 5% Glutamax, 5% Gentamycin). Upon confluency, cells were 

detached with trypsin (Invitrogen, CA, USA) and seeded into precoated poly-D-lysine 24-

well plates. When approximately 90% confluent, cells were treated with lipidated apoE at 

50ng/ml alone and in combination with the ADAM10 specific inhibitor GI254023X (1μm) 

(Tocris Bioscience, UK) in FBS-free media for 24 hours. Following treatment, media was 

collected and the total protein content in the media assessed using BCA assay (Thermo 

Scientific, IL, USA). sAβPPα expression was quantified using a human sAβPPα ELISA as 

per the manufacturer’s instructions (IBL, Japan) and levels standarized by total protein 

content in the media.

2.7. Statistical Analysis

Statistical significance of cell free, in vitro and ex vivo experiments were assessed by one- or 

two-way ANOVA and post-hoc analyses where appropriate (JMPv11.0.0, SAS Institute Inc., 

NC, USA; GraphPad Prism 5, GraphPad Software, Inc., CA, USA). When necessarily, data 

was normalized prior to statistical analysis. EC50 values were generated using a nonlinear 

dose-response regression of the data set (Michaelis Menten curve fit, GraphPad Prism 5). 

Normalisation of data for correlation analysis used the Johnson SU correction (GraphPad 

Prism 5). In addition, to assess the relationship between the enzymatic efficiency and 

expression, Pearson product-moment correlation coefficients were computed (GraphPad 

Prism5).
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3. RESULTS

3.1. Cell-free ApoE Isoform Dependent ADAM10 Activity

To determine the effect of the apoE isoforms on the activity of ADAM10, a cell free activity 

assay was utilised (Fig. 1A). Following exposure of apoE isoforms and an ADAM10 

fluorescent substrate to active recombinant ADAM10, apoE isoform- and concentration-

dependent changes in the activity of ADAM10 were detected with a rank order of 

apoE2>apoE3>apoE4. At 25ng/ml apoE, ADAM10 activity was significantly lower in the 

presence of apoE4 compared to apoE2 (≈40% reduction). Although it did not reach 

statistical significance, apoE3 showed consistently higher activity than apoE4 at all 

concentrations. In addition we also investigated the influence of apoE isoforms on ADAM10 

activity via Michaelis Menten kinetics (Fig. 1B). This revealed that apoE2 demonstrated the 

greatest impact on ADAM10 activity (EC50 = 0.69ng/ml) followed by apoE3 and apoE4 

(EC50 = 16.81ng/ml and 27.17ng/ml, respectively).

3.2. ApoE Isoform Dependent sAβPPα Production In Vitro

The effect of apoE on AβPP processing in vitro was evaluated using wild type AβPP over-

expressing 7WCHO cells treated with exogenous apoE. We observed that apoE4 exposure 

resulted in a 50% reduction sAβPPα production compared to apoE2 treated cells (Fig. 2). 

Treatment with the ADAM10-specific inhibitor GI254023X in combination with apoE 

ablated the production of sAβPPα and removed any apoE isoform effect.

3.3. ADAM10 Expression and Activity in Human Brain Fractions

ADAM10 analyses in brain homogenate from human cortical tissue revealed a small but 

insignificant small but insignificant decrease in the expression of ADAM10. In addition, 

when stratified by APOE genotype there was no observable trend and no significance was 

found (data not shown). In the soluble brain fraction, levels of the proteolytically cleaved 

sADAM10 were found to be significantly lower in the AD samples compared to ND samples 

(Fig. 3A). In addition, these changes in sADAM10 levels were also found be both APOE 

genotype and disease dependent (Fig. 3C). In the AD samples, no significant changes in 

sADAM10 levels were detected across APOE genotypes. In the ND samples, there was a 

significant increases in sADAM10 levels in the APOE4/4 genotype compared to all other 

genotypes. In addition, the activity of soluble ADAM10 was also found to be significantly 

lower in the AD samples compared to the ND samples (Fig. 3B) and was dependent on 

APOE genotype and disease state. ND APOE4/4 samples demonstrated significantly more 

activity than both AD APOE4/4 and ND APOE2/3 samples (Fig. 3D). In addition, no 

significant correlations were found in the human cortex samples with either activity or 

expression when compared to age. ADAM10 activity in the panel of random samples 

utilising the ADAM10 substrate PEPDAB063, as detailed in section 3.5, showed no 

differences compared to the original substrate PEPDAB010 with an average percentage 

change of −0.001% ± 6.39%. As such, the results of our enzyme activity studies appear to be 

specific for ADAM10.
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3.4. Enzymatic Efficiency of ADAM10

In addition to raw activity or expression levels, we assessed the enzymatic efficiency of 

ADAM10 for each sample by calculating the activity of ADAM10 per unit of expression 

(activity/pg). This revealed both disease and APOE genotype differences in the efficiency of 

sADAM10 (Fig. 4A). In the AD samples, enzymatic efficiency appeared to be unaltered by 

the APOE genotype. However, in the ND samples, the APOE2/2 genotype showed the 

highest enzymatic efficiency demonstrating a 10-fold increase over the ND APOE4/4 

genotype. In addition, in the ND soluble fraction, a significant inverse correlation was 

apparent between the enzymatic efficiency of sADAM10 and the sADAM10 levels (r = 

−0.93, p<0.0001). This relationship was not evident in the AD samples (r = −0.30, p>0.05) 

(Fig. 4B).

4. DISCUSSION

Alzheimer’s disease is the primary cause of dementia in the elderly and is characterized by 

an excessive accumulation of Aβ peptides in the brain and cerebrovasculature. Aβ is formed 

through sequential proteolysis of AβPP by the β- and γ-secretase enzymes. In addition, α-

secretases such as ADAM10 compete with β-secretases for AβPP resulting in the production 

the neurotropic sAβPPα fragment [12]. As the strongest genetic risk factor for AD, APOE 

has previously been shown to influence the processing of AβPP [21], but the impact of 

APOE genotype on α-secretase function has yet to be fully explored. The purpose of this 

study was to examine the effect of apoE on ADAM10 function and advance our 

understanding of the association between APOE genotype and the development of AD. Our 

results indicate the expression and activity of ADAM10 is altered in AD and influenced by 

APOE genotype, which may help describe the propensity of individuals carrying the APOE4 

allele to exhibit AD pathology.

We found that ADAM10 activity was reduced in the presence of apoE4 compared to the 

other apoE isoforms in a cell free paradigm (apoE2>apoE3>apoE4). Although prior work 

failed to detect apoE-dependent differences in sAβPPα levels in vitro [27], our in vitro 
studies utilized lipidated apoE [25], which is likely a better representation of apoE under 

normal physiological conditions than de-lipidated recombinant apoE. This is highly relevant 

as recent studies have indicated that apoE function is dependent on the lipidation status of 

apoE; with poorly lipidated apoE demonstrating altered binding affinities to Aβ and 

increased amyloidogenesis in mouse models of AD [28–30]. The lowered ADAM10 activity 

in the presence of apoE4 compared to apoE2 resulted in reduced sAβPPα formation which 

could potentially increase the pool of AβPP available for Aβ synthesis and, at the same time, 

diminish the neurotropic effects of sAβPPα.

We initially investigated the expression of ADAM10 in human brain homogenate but 

identified no significant differences in AD versus control subjects or between APOE 

genotypes. This is in agreement with previous studies by Bernstein et al. which 

demonstrated a slight but insignificant reduction in ADAM10 expression in AD compared to 

ND brain specimens using stereological analyses [31]. Based on information from studies 

conducted by Parkin et al. and Tousseyn et al., which identified a soluble form of ADAM10, 

we interrogated the activity of ADAM10 in the soluble brain fraction isolated from human 
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cortical tissue [15, 32]. Here we observed a significant reduction in the activity of 

sADAM10 in AD versus ND samples. Moreover, these changes were both APOE genotype 

and disease dependent with APOE4 AD samples displaying the lowest activity. Although 

alterations in ADAM10 activity have been observed by other groups [33], changes due to 

APOE genotype have not been investigated. When combined with our in vitro data, these 

studies implicate apoE as a modulator of AβPP processing by altering ADAM10 activity.

In terms of expression, reduced ADAM10 levels have only been reported in the platelets of 

AD subjects [34], although they did appear to correlate with reduced mini-mental state exam 

scores [35]. In the current study, while we found no difference in the expression of total 

ADAM10 between the ND and AD subjects in cortical brain homogenate. However a 

significant decrease in the expression of the extracellular proteolytically shed sADAM10 

was identified in the AD samples compared to the ND control group. Furthermore, 

differences in sADAM10 levels were also evident when stratified by APOE genotype, with 

the highest levels of sADAM10 detected in the APOE4/4 ND samples. Interestingly, there 

were no changes in the expression of sADAM10 in the AD samples between APOE 

genotypes. Altogether, these data suggests that APOE genotype influences the ectodomain 

shedding of ADAM10. Previously, it was demonstrated that ADAM10 shedding is mediated 

by ADAM9 and ADAM15 followed by cleavage of the intracellular domain (ICD) fragment 

by γ-secretase. Currently, the extent to which these other ADAM family members are 

involved in the etiology of AD is not known and their activity may also be influenced by the 

APOE genotype. However, the role of γ-secretase in AD has been well documented and was 

the focus of several high profile clinical trials targeting γ-secretase activity which ultimately 

failed to reach their clinical endpoints [9, 10]. If γ-secretases are implicit in the ectodomain 

shedding of ADAM10 and this mechanism proves to be protective against AD, it may 

provide rationale for the disappointing results of these prior AD clinical trials, although 

further investigation is certainly warranted.

To ascertain whether changes in the activity of sADAM10 were independent of changes in 

the overall expression profile of ADAM10, we assessed the enzymatic efficiency of 

sADAM10 by examining activity as a function of expression. sADAM10 enzymatic 

efficiency was APOE-dependent for the ND samples and coincided with the results we 

observed in the cell free activity assay (APOE2/2> APOE3/3>APOE4/4) while, on the other 

hand, the AD samples showed no significant changes in sADAM10 efficiency across APOE 

genotypes. Previously, it was demonstrated that differences in lipidation states between apoE 

isoforms confers altered binding affinities to Aβ (apoE2>apoE3> apoE4) [30]. Therefore, it 

is possible that the altered influence of apoE on ADAM10 activity we observed in our cell 

free assay and the APOE-dependent enzymatic efficiency in the ND human soluble samples 

may be attributed to lipidation status. Alternatively, in the AD samples, the influence of 

APOE on sADAM10 enzymatic efficiency was absent. Currently, it is not known whether 

there are any differences in the lipidation status of apoE in the brains of AD patients versus 

ND subjects, although it is a burgeoning area of interest in this field. Interestingly, the 

ADAM10 transcription factors RAR and RXR, which are known to be defective in AD [36], 

are involved in the regulation of apoE expression and their lipidation status [14, 37]. 

Therefore, these elements may play a key role in the effect of apoE on ADAM10 activity as 

well as ADAM10 expression.
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In addition, to changes in the expression and enzymatic efficiency of sADAM10, a strong 

inverse correlation was identified in the ND control samples between these two variables. 

We propose that, under ND conditions, the increased shedding of ADAM10 observed in the 

APOE4/4 genotype may be part of a feedback mechanism that compensates for the lower 

enzymatic efficiency of sADAM10 due to the presence of apoE4 (Fig. 5). Previous studies 

have demonstrated that upon proteolytic cleavage of ADAM10 at the cellular membrane and 

subsequent γ-secretase processing, the ADAM10-ICD translocates to areas of the nucleus 

involved in active transcription and contain the ADAM10 transcription factors RAR and 

RXR [14, 15, 38]. We propose that ectodomain shedding of ADAM10 prompts the release of 

the ADAM10-ICD which may have a role in regulating ADAM10 expression as well as 

other ADAM10 family members in a manner similar to other protein ICDs [39–41]. 

However, in AD, the RAR/RXR transcription processes are known to be defective and, as a 

result, the ability to regulate ADAM10 levels may be compromised [36]. In support of this, 

we observed no correlation between sADAM10 expression and enzymatic efficiency in the 

AD samples. Importantly, therapies aimed at restoring the normal function of these 

transcriptional areas [42] have been shown to result in increased expression of ADAM10 

[14], suggesting this mechanism may be a viable therapeutic target to restore the normal 

feedback mechanism and boost sADAM10 levels. Our data also suggests that if the 

efficiency of the ADAM10 transcription mechanism is reduced, subjects with an APOE4 

genotype may be affected to a greater degree as sADAM10 activity is inherently reduced in 

these individuals due to the presence of the apoE4 isoform.

Overall, our studies demonstrate an isoform-dependent effect of apoE on the activity of the 

α-secretase, ADAM10, which ultimately impacts the processing of sAβPPα in the AD 

brain. Specifically, the enzymatic efficiency of ADAM10 is diminished in subjects with an 

APOE4 genotype. Furthermore, we found that ND subjects are able to compensate for the 

reduced enzymatic efficiency of sADAM10, imposed by apoE4 isoform, by increasing 

sADAM10 expression levels. This compensatory mechanism is dysfunctional or absent in 

individuals with AD, which may describe the elevated Aβ burden found in the brains of AD 

patients carrying the APOE4 allele. While the contribution of apoE to Aβ-related pathology 

is likely mediated through several pathways (Aβ synthesis, degradation, and BBB clearance, 

etc.), these findings provide new insight into apoE function and the development of AD. As 

such, restoration of the enzymatic efficiency of sADAM10 or increasing the expression of 

sADAM10 may be a novel therapeutic strategy to mitigate Aβ pathology in the AD brain.
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Fig. 1. 
ADAM10 activity is apoE-isoform dependent. (A) ADAM10 activity in a cell free paradigm 

was significantly modulated by apoE in an isoform and dose dependent manner 

(apoE2>apoE3>apoE4), (F (11, 24) = 25.77; p<0.0001). Differences between apoE2 and 

apoE4 were statistically significant at concentrations ≥25ng/ml. For all apoE concentrations, 

ADAM10 activity was lower in the presence of apoE4 compared to the other isoforms. (B) 
ApoE isoform-specific influence on ADAM10 activity. ApoE2 demonstrated the greatest 

influence on ADAM10 activity (EC50 = 0.69ng/ml ± 0.18) in comparison to apoE3 (EC50 = 

24.27ng/ml ± 8.04) or apoE4 (52.24ng/ml ± 14.01). Activity data are presented as ADAM10 

activity (n=3) ±SEM. Statistical significance was determined by two-way ANOVA followed 

by Sidak post-hoc analysis. EC50 values were generated using nonlinear regression analyses 

(EC50 ± SEM (n=3)). *p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
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Fig. 2. 
ADAM10 mediated processing of AβPP in cell culture is apoE isoform dependent. In 

7WCHO cells over expressing AβPP, apoE treatment (50ng/ml) for 24 hours resulted in 

significant differences in the expression of sAβPPα as measured by ELISA (n=3) (F (7, 16) 

= 22.41; p < 0.0001). ApoE4 demonstrated significantly less detectable sAβPPα compared 

to the apoE2-treated cells (p<0.05). Treatment with the ADAM10 specific inhibitor 

GI254023X significantly reduced sAβPPα formation compared to apoE2 or apoE3 alone 

(p<0.001) but not apoE4 alone. Data are presented as mean±SEM. Statistical significance 

was determined by Two-Way ANOVA followed by Sidak post-hoc analysis. *p<0.05; ** 

p<0.01; *** p<0.001; **** p<0.0001; ‡ comparison to non-inhibitor p<0.005.
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Fig. 3. 
ADAM10 expression and activity is altered by APOE genotype and AD in human brain 

cortex. sADAM10 expression (A) and activity (B) was reduced in AD compared to the ND 

controls (t=2.770 df=86 p<0.01 and t=3.089 df=87 p<0.01). (C) When stratified by APOE 

genotype, sADAM10 expression was found to be dependent on APOE genotype (F (4,78) = 

7.571 P < 0.0001), disease (F (1,78) = 10.77 P < 0.005) and dependent on a interaction 

between disease state and APOE (F (4, 78) = 9.192 P < 0.0001). (D) A significant difference 

in sADAM10 expression in the APOE4/4 genotype was detected compared to all other apoE 

genotypes in the ND samples (p<0.0001 for all). In addition, sADAM10 expression in the 

ND APOE4/4 genotype was significantly higher than the AD APOE4/4 (p < 0.0001). There 

was no significant difference in the levels of sADAM10 between the AD samples. (D)When 

sADAM10 activity was stratified by APOE and disease, it was found to be disease state 

dependent (F (1, 61) = 10.00; p<0.005) and dependent on an interaction between disease and 

apoE (F (3, 61) = 8.816; p<0.0001). In AD samples, a significant reduction ADAM10 

activity in the APOE2/3 genotype compared to APOE4/4 was observed (p<0.05). In ND 

samples, sADAM10 activity in the APOE4/4 genotype was significantly higher than the 

APOE2/3 (p<0.05). There was also a significant difference between the disease states in the 

APOE4/4 samples (p<0.001). Data are presented as mean sADAM10 activity (fluorescent 

units) and mean sADAM10 expression (pg) normalised to total protein content in the whole 

brain homogenate (μg) ±SEM. Statistical significance was determined by Two-Way ANOVA 

followed by Sidak post-hoc analysis. *p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
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Fig. 4. 
The enzymatic efficiency of sADAM10 is APOE dependent (F (4, 77) = 4.816; p<0.005) 

and dependent on an interaction between disease state and APOE genotype (F (4, 77) = 

4.551; p<0.005) (A). In the ND samples, the APOE2/2 genotype demonstrated significantly 

higher sADAM10 enzymatic efficiency compared to all other ND APOE genotypes as well 

as the APOE2/2 AD samples (p<0.01). (B) Enzymatic efficiency of sADAM10 against 

sADAM10 expression demonstrated highly significant inverse correlation in the ND group, 

while no such correlation was observed in the AD group (ND r =−0.93, n =47, p<0.0001; 

AD r =−0.31, n =37, p > 0.05). Enzymatic efficiency data presented as enzymatic efficiency 

of ADAM10 (ADAM10 activity/ sADAM10 expression). Statistical significance was 

determined by Two-Way ANOVA followed by Sidak post-hoc analysis. Correlation data 

presented as normalised enzymatic efficiency of ADAM10 against normalised ADAM10 

expression. *p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
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Fig. 5. 
Proposed schematic of one potential mechanism for sADAM10 regulation in AD and the 

role of apoE genotype. ADAM10 expression is driven by RAR/RXR transcription. At the 

cell surface, full-length ADAM10 undergoes proteolysis in an apoE genotype dependent 

manner (apoE2<apoE3<apoE4) resulting in soluble extracellular fragment (sADAM10) and 

an intracellular domain fragment (ICD). sADAM10 metabolizes full length AβPP to 

produce sAβPPα, a process that is apoE dependent (apoE2>apoe3>apoE4). Under normal 

conditions, the ICD fragment of ADAM10 transitions to the nucleus where it induces 

ADAM10 expression. In APOE4 carriers, sADAM10 activity is less efficient than in other 

APOE genotypes and, in response, the ADAM10 protein population is increased to 

compensate for the lack of ADAM10 efficiency. However, in AD individuals the RAR/RXR 

machinery is defective and, as a result, ADAM10 levels cannot be sufficiently upregulated to 

overcome the diminished efficiency of ADAM10 in APOE4 carriers. Consequently, there is 

less processing of AβPP by sADAM10, which can lead to increased Aβ synthesis and the 

accumulation of Aβ peptides in the brains of AD subjects with an APOE4 genotype.
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Table 1

Demographic details of human brain cortex samples.

APOE

Non-Demented Alzheimer’s Disease

Mean age ± StDev N (M/F) Mean age ± StDev N (M/F)

2/2 90.0 ± 24.00 10(3/7) 79.1 ± 19.30 2(0/2)

2/3 85.5 ± 10.05 10(4/6) 79.8 ± 10.84 10(7/3)

3/3 86.3 ± 6.16 10(9/1) 79.8 ± 15.53 10(2/8)

3/4 81.0 ± 10.23 10(7/3) 82.5 ± 8.68 10(5/5)

4/4 80.8 ± 8.41 10 (5/5) 51.7 ± 16.20 10 (5/5)

Abbreviations: apoE, apolipoprotein E genotype; StDev, Standard deviation; M, male; F, female.
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