
 

Defining the role of p75 neurotrophin receptor 

(p75
NTR

) in the development of Alzheimer’s disease 

 

 

A THESIS SUBMITTED IN TOTAL FULFILMENT 

OF THE REQUIREMENTS OF 

THE DEGREE OF DOCTOR OF PHILOSOPHY 

 

 

 

 

Khalil Saadipour 

 

PhD candidate in Molecular Neuroscience 

MSc of Human Physiology 

BSc of Medical Science 

 

 

 

Centre for Neuroscience, Department of Human Physiology, 

School of Medicine, Flinders University, Adelaide, South Australia 

 

 

October 2014



ii 

TABLE OF CONTENTS 

Table of contents ......................................................................................................... ii 
List of figures ............................................................................................................. iv 

List of tables .............................................................................................................. vii 
Thesis summary ....................................................................................................... viii 
Declaration ................................................................................................................. xi 
Acknowledgements ................................................................................................... xii 
Publications and seminars arising from this thesis .............................................. xiv 

Awards  ............................................................................................................... xvii 
Abbreviations ......................................................................................................... xviii 
Chapter 1: Introduction ............................................................................................. 1 

1.1 Alzheimer’s disease (AD) ................................................................................ 2 

1.2 Amyloid precursor protein (APP) and its processing and function in AD ....... 3 
1.3 Aβ and its function in the brain ........................................................................ 9 
1.4 The role of ApoE on Aβ aggregation and clearance in AD ........................... 13 
1.5 The role of protein phosphorylation in AD .................................................... 14 

1.5.1 The role of APP phosphorylation in AD .............................................. 14 

1.5.2 Hyper-phosphorylation of Tau in AD .................................................. 15 
1.6 Neurotrophins (NTs) and their functions in AD ............................................ 16 

1.6.1 p75
NTR

 and its biological function ........................................................ 22 

1.6.2 Expression of p75
NTR

 in the brain of AD ............................................. 26 
1.6.3 p75

NTR
 and neuronal death ................................................................... 26 

1.6.4 p75
NTR

 and neurite degeneration .......................................................... 27 
1.6.5 The association of p75

NTR
 with Tau phosphorylation and cognitive 

disorders in AD .................................................................................................. 29 

1.6.6 The cooperation between p75
NTR

 and other receptors .......................... 30 
1.7 Sortilin and its association with APP processing in AD ................................ 33 

1.8 Hypothesis and aim ........................................................................................ 36 

Chapter 2: A complex p75
NTR

/APP/Aβ interaction mediates a feed-forward loop 

promoting APP processing and Amyloid beta generation in 

Alzheimer’s disease ............................................................................... 38 
2.1 Abstract .......................................................................................................... 39 
2.2 Introduction .................................................................................................... 41 

2.3 Materials and methods .................................................................................... 43 
2.4 Results ............................................................................................................ 63 
2.5 Discussion ...................................................................................................... 94 

Chapter 3: BACE1 regulates the proteolytic processing of p75
NTR

 and mitigates 

neurodegenerative signals in the brain .............................................. 106 
3.1 Abstract ........................................................................................................ 107 
3.2 Introduction .................................................................................................. 110 

3.3 Materials and methods .................................................................................. 113 
3.4 Results .......................................................................................................... 117 
3.5 Discussion .................................................................................................... 147 

Chapter 4: Effects of p75ECD-Fc on behavioural deficits and neuropathology 

features in Alzheimer’s disease mouse models ................................. 153 
4.1 Abstract ........................................................................................................ 154 
4.2 Introduction .................................................................................................. 156 
4.3 Materials and methods .................................................................................. 158 



iii 

4.4 Results .......................................................................................................... 164 

4.5 Discussion .................................................................................................... 186 

Chapter 5: Amyloid beta1-42 (Aβ42) up-regulates the expression of Sortilin via 

the p75
NTR

/RhoA signalling pathway ................................................. 194 
5.1 Abstract ........................................................................................................ 195 
5.2 Introduction .................................................................................................. 196 
5.3 Materials and methods .................................................................................. 198 
5.4 Results .......................................................................................................... 204 
5.5 Discussion .................................................................................................... 221 

Chapter 6: General discussion .............................................................................. 227 
6.1 Summary ...................................................................................................... 228 
6.2 Future directions ........................................................................................... 231 

References  ............................................................................................................... 239 
 



iv 

LIST OF FIGURES 

Figure 1-1: The enzymatic processing pathways of amyloid precursor protein (APP) 

in neurons ..................................................................................................................... 5 

Figure 1-2: The structure of Aβ42 monomer in AD (Rauk 2008). .............................. 10 

Figure 1-3: Mechanisms of Aβ homeostasis in the brain. .......................................... 12 

Figure 1-4: The binding of neurotrophin receptors with their ligands ....................... 19 

Figure 1-5: The signalling pathways activated by neurotrophins .............................. 21 

Figure 1-6: The structure of p75
NTR

 ........................................................................... 24 

Figure 1-7: The interaction of p75
NTR

 with other receptors ....................................... 32 

Figure 1-8: The structure of Vps10p family members including Sortilin, SorLA, 

SorCS-1, -2, and -3 ..................................................................................................... 35 

Figure 2-1: Presenting pET-28a vector, p75ECD-Fc and Fc recombinant proteins .. 48 

Figure 2-2: Western blot presenting the oligomer form of Aβ42 ................................ 50 

Figure 2-3: The meninges removal from neonatal mouse brain provides a high purity 

of mouse cortical neurons in culture .......................................................................... 52 

Figure 2-4: The diagram presenting FRET acceptor photo-bleaching signals from the 

APP/p75
NTR

 interaction .............................................................................................. 58 

Figure 2-5: The co-localization ratio between p75
NTR

 and APP in mouse cortical 

neurons and HEK-293T cells ..................................................................................... 64 

Figure 2-6: p75
NTR

 interacts with APP and Aβ42 enhances the p75
NTR

/APP 

interaction in a dose dependent and time course manner ........................................... 69 

Figure 2-7: Overexpression of p75
NTR

 mediates amyloidogenic processing of APP in 

CHO
APP695

 cells .......................................................................................................... 71 

Figure 2-8: Aβ42 increased APP processing in AD/p75
+/+

, but not in AD/p75
-/-

 mouse 

cortical neurons through upregulation of APP and BACE1 expression .................... 74 

Figure 2-9: Aβ25-35 stimulates BACE1 expression in p75
+/+

, but not in p75
-/-

 mouse 

cortical neurons .......................................................................................................... 77 

Figure 2-10: Effects of p75ECD-Fc recombinant protein on Aβ42-induced BACE1 

upregulation in mouse cortical neurons ...................................................................... 80 

Figure 2-11: Effect of p75
NTR

 on APP distribution in subcellular compartments ...... 83 

Figure 2-12: Aβ42 induces APP and BACE1 internalization in p75
+/+

, but not in p75
-/-

 

mouse cortical neurons ............................................................................................... 86 



v 

Figure 2-13: Aβ42 did not regulate p75
NTR

 internalization in mouse cortical neurons

 .................................................................................................................................... 88 

Figure 2-14: Aβ42 and proNGF enhanced APP/BACE1 interaction .......................... 89 

Figure 2-15: Aβ42 induces APP-Thr668 phosphorylation in AD/p75
+/+

, but not in 

AD/p75
-/- 

mouse cortical neurons ............................................................................... 91 

Figure 2-16: Aβ42 increased Tau phosphorylation in AD/p75
+/+

, but not in AD/p75
-/-

 

mouse cortical neurons ............................................................................................... 93 

Figure 2-17: Graphical summary presenting how p75
NTR

 contributes to APP 

processing in AD pathogenesis. ............................................................................... 105 

Figure 3-1: BACE1 co-localized and interacted with p75
NTR

 in mouse cortical 

neurons and HEK-293T cells, respectively .............................................................. 118 

Figure 3-2: BACE1 interacts with p75ECD, but not p75ICD .................................. 120 

Figure 3-3: Aβ42 enhanced BACE1/p75
NTR

 co-localization in mouse cortical neurons

 .................................................................................................................................. 122 

Figure 3-4: Aβ42 and proNGF, but not NGF, increases the BACE1/p75
NTR 

interaction

 .................................................................................................................................. 125 

Figure 3-5: BACE1 processes p75
NTR

 and generates p75ECD in mouse brain ....... 128 

Figure 3-6. Effects of over expression BACE1 on endogenous p75
NTR

 processing in 

CHO
APP695

 cell line. .................................................................................................. 132 

Figure 3-7: BACE1 mediates p75
NTR

 processing in HEK-293T cells ..................... 136 

Figure 3-8: p75ECD is decreased in culture medium of HEK-293T cells co-

transfected with BACE1/p75
NTR

 vs Empty vector/p75
NTR

 ....................................... 138 

Figure 3-9: Effects of p75ECD-Fc on Aβ-induced neurite outgrowth impairment in 

mouse cortical neurons ............................................................................................. 141 

Figure 3-10: Effects of p75ECD-Fc on proNGF-induced neurite outgrowth 

impairment in mouse cortical neurons ..................................................................... 143 

Figure 3-11: Effects of p75ECD-Fc on proBDNF-induced neurite outgrowth 

impairment in mouse cortical neurons ..................................................................... 145 

Figure 4-1: Presenting the Morris Water Maze apparatus ....................................... 160 

Figure 4-2: Effects of p75ECD-Fc on learning and memory functions in 

APPswe/PS1dE9 (AD) mouse .................................................................................. 168 

Figure 4-3: Effects of p75ECD-Fc on learning and memory function in PR5 mouse

 .................................................................................................................................. 172 

Figure 4-4: p75ECD-Fc inhibited BACE1 expression in AD mouse brain ............. 173 



vi 

Figure 4-5: p75ECD-Fc decreased Aβ plaques size and depossiton in 

APPswe/PS1dE9 (AD) mice brain ........................................................................... 176 

Figure 4-6: Effects of p75ECD-Fc on astrogliosis in AD mouse brain ................... 178 

Figure 4-7: Effects of p75ECD-Fc on the levels of synaptic proteins in AD mouse 

brain .......................................................................................................................... 179 

Figure 4-8: p75ECD-Fc reduced BACE1 expression in PR5 mouse brain .............. 181 

Figure 4-9: p75ECD-Fc inhibited the phosphorylation of Tau at Ser202 and Thr205 

in PR5 mouse brain .................................................................................................. 183 

Figure 4-10: Effects of p75ECD-Fc on the levels of ChAT protein in PR5 mouse 

brain .......................................................................................................................... 184 

Figure 4-11: Effects of p75ECD-Fc on VAMP2 and SNAP-25 levels in PR5 mouse 

brain .......................................................................................................................... 185 

Figure 4-12: Graphical summary presenting the effects of p75ECD-Fc recombinant 

protein on deposition of Aβ in the brain................................................................... 193 

Figure 5-1: Sortilin protein expression is increased in brains from human AD patients 

and APPswe/PS1dE9 (AD) transgenic mice ............................................................ 205 

Figure 5-2: Sortilin protein and mRNA expression in SH-SY5Y cell line .............. 207 

Figure 5-3: Dose-response of Aβ42 on Sortilin protein and mRNA expression by 

Western blot and quantitative RT-PCR .................................................................... 211 

Figure 5-4: Effect of optimized standard 1µM Aβ42 over a 24h time-course on 

protein and mRNA expression of Sortilin in SH-SY5Y by Western blot and 

quantitative RT-PCR respectively ............................................................................ 214 

Figure 5-5: Aβ42 functions through the p75
NTR

 receptor in SH-SY5Y cells ............ 215 

Figure 5-6: Involvement of RhoA signalling pathway in Sortilin expression by SH-

SY5Y cell line assessed by Western blot ................................................................. 218 

Figure 5-7: Potential involvement of the JNK pathway in the expression of Sortilin 

by Aβ42 in SH-SY5Y cell line .................................................................................. 220 

Figure 5-8: Graphical summary for the mechanism of Aβ-induced Sortilin 

upregulation in neurons ............................................................................................ 226 

Figure 6-1: Graphical summary presenting a complex p75
NTR

/BACE1/APP 

interaction in neuron ................................................................................................. 236 

Figure 6-2: Graphical summary presenting dual roles of p75
NTR

 in the development 

of AD ........................................................................................................................ 238 



vii 

LIST OF TABLES 

Table 2-1: PCR primer pair sequences used for AD Tg and p75KO mice genotyping 

in this study ................................................................................................................ 43 

Table 2-2: PCR primer pair sequences used for human p75ECD-Fc and Fc cloning 46 

Table 4-1: PCR primer pair sequences used for PR5 mice genotyping in this study

 .................................................................................................................................. 158 

Table 5-1: Real-time PCR primer pair sequences used in this study ....................... 202 

 



viii 

THESIS SUMMARY 

The dysregulation of neurotrophins and their receptors plays a crucial role in the 

pathological process of sporadic Alzheimer’s disease (AD). Here, we investigated 

the potential functions of p75
NTR

 in the development of AD. We have found that 

p75
NTR

 interacts with APP and Aβ, as a p75
NTR

 ligand, promotes the interaction. To 

address the significance of this p75
NTR

/APP interaction in AD, we discovered that 

p75
NTR

 transfection increased amyloidogenic processing of APP in CHO
APP695

. Aβ 

enhances APP amyloidogenic processing in mouse cortical neurons of AD/p75
+/+

, 

but not in AD/p75
-/-

 neurons via upregulation of APP and BACE1 expression. Aβ42 

increases the internalization of APP and the internalization of BACE1 through 

p75
NTR

. In addition, Aβ and proNGF increased the APP/BACE1 interaction. The 

Aβ42/p75
NTR

 association regulates the phosphorylation of APP-Thr668 and 

phosphorylation of Tau in mouse cortical neurons. 

It was shown that Sortilin interacts with BACE1, mediates retrograde trafficking of 

BACE1 and promotes Aβ generation. We have elucidated that BACE1, the rate-

limiting enzyme processing APP, interacts with p75
NTR

, as a co-receptor for Sortilin, 

and regulates its proteolytic processing. Our results present that BACE1 interacts 

with p75ECD. Aβ and proNGF significantly enhanced the BACE1/p75
NTR

 

interaction. The ratio of p75ECD/p75FL in BACE
+/+

 mouse brain was significantly 

higher than in BACE
-/-

 mouse brain. p75ECD is increased in cell lysates, but reduced 

in culture medium, of HEK-293T cells co-transfected with BACE1/p75
NTR

 plasmids. 

To address the physiological function of p75ECD in AD, we found that p75ECD 

significantly rescued Aβ and proNTs-induced impairment of neurite outgrowth in 

cortical neurons.  



ix 

The neurotrophin receptor p75
NTR

 mediates both neurotrophic and neurodegenerative 

signals and its ectodomain shedding from the cell surface are physiologically 

regulated. We have conducted an in vivo study to investigate the effects of p75ECD-

Fc recombinant protein on cognitive function and neuropathology features of AD in 

an AD mouse model. Our data showed that i.p delivery of p75ECD-Fc was not 

effective on cognitive function in APPswe/PS1DE9 (AD) mouse. p75ECD-Fc 

improved the process of learning, but not memory impairment in tau pathology-

related tyrosine phosphorylation (PR5) mouse model. p75ECD-Fc significantly 

decreased the size and number of Aβ plaques in AD mouse brain through inhibition 

of BACE1 expression. p75ECD-Fc significantly reduced GFAP levels in AD mouse. 

Moreover, p75ECD-Fc was not effective in restoring the level of synaptic proteins, 

including the vesicle-associated membrane protein (VAMP2) and synaptosomal-

associated protein 25 (SNAP-25) in AD mouse brain. p75ECD-Fc did not change 

ChAT levels, but it significantly reduced Tau phosphorylation and inhibited BACE1 

expression in PR5 mouse brain.  

We further investigated the expression and regulation of Sortilin, as a p75
NTR

 co-

receptor, in AD. Our data showed that Sortilin expression is significantly increased 

in human AD brains and in brains of 6-month old APPswe/PS1dE9 transgenic mice 

in comparison with relevant control groups. Aβ42 enhanced the protein and mRNA 

expression level of Sortilin in SH-SY5Y cells. In addition, proBDNF also 

significantly increased the mRNA and protein expression of Sortilin. We found the 

inhibition of p75
NTR

 and ROCK, but not JNK, suppressed constitutive and Aβ42-

induced expression of Sortilin.  

Taken together, the full length of p75
NTR

 mediates APP processing and contributes to 

AD pathogenesis via Aβ-induced upregulation of BACE1, APP and Sortilin, whereas 
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the p75ECD fragment is a novel neurotrophic molecule and protects the brain from 

toxicity induced by Aβ and proNTs.  
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SPSS Statistical Package for the Social Sciences  

SVZ Sub-ventricular zone  

TACE Tumour necrosis factor-alpha converting enzyme 

TBS Tris-Buffered Saline 

TBST Tris-Buffered Saline with Tween 20 



xxiv 

2x Tg Double transgenic (mouse) 

TGN Trans-Golgi network  

Tm Melting temperature 

TMD Transmembrane domain 

TNF-alpha Tumour necrosis factor-alpha 

Trk Tyrosine protein kinase/ Tropomyosin-related kinase (receptor) 

V Voltage 

VAMP2 Vesicle-associated membrane protein 2  

Vps10p Vacuolar protein sorting 10 protein  

vs versus  

WT Wild type   

YFP Yellow fluorescent protein  

    

 


