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Abstract 

 

Introduction: Alzheimer disease (AD) is a specific type of dementia with a complex 

pathology. A formation of extracellular insoluble amyloid-beta (Aβ) fibrils 

from precursor protein (AβPP) has been identified as one of the main causes of AD. 

There are several enzymes involved in a production of Aβ; β-secretase has been 

recently considered as a potential target for AD treatment by methods of passive 

immunization. A monoclonal antibody (2B12) has been developed and proved that it 

binds in the vicinity of β-secretase cleavage site on AβPP and prevents the cleavage 

of AβPP by steric hindrance. 2B12 is known to binds to AβPP at the cell surface and 

the whole complex after internalization inhibits β-secretase activity. 

Methodology: The astrocytoma MOG-G-UVW (MOG) and the Human-CNS derived 

neuroglioma (H4) living cell lines were used as a model of AD. Incubated with 2B12, 

another AβPP – binding antibody (N-terminal) and several organelle markers (OM) 

under various conditions, the cells were fixed and stained by the method of sequential 

immunocytochemistry (ICC) and visualized using fluorescent microscope. 

Results: The experiments with MOG/H4 cells demonstrated that the intake of 2B12/N-

terminal antibody into the cells is time-dependant; the best labelling was after 4 hours 

of incubation for 2B12 and MOG /H4 cells and after 2 hours of incubation for              

N-terminal antibody and H4 cells. Both cell lines have been incubated with 2B12 or            

N-terminal antibody, with OM and then visualized by sequential ICC staining. 

The absence or presence of antibody – OM co-localization enabled to determine 

organelles most likely to be involved in the process of antibody - AβPP complex 

internalization. However, the co-localization was properly observed only when using 

H4 cells and N-terminal antibody. Early endosomes appeared to be the compartment 

most likely to involved in the process of internalization, lysosomes as quite probable 

compartment, whereas trans-Golgi network, mitochondria, plasma membrane and 

endoplasmic reticulum as non-involved compartments. 

Conclusion: The experiment with living cells confirmed the hypothesis of specific time-

dependent internalisation of the 2B12/N-terminal antibody complex and promoted 

the importance of endocytic (endosomal/lysosomal) pathway in AβPP processing. 
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Abstrakt 

 

Úvod: Alzheimerova choroba (ACh) je specifickým typem demence s komplikovanou 

patologií. Za jednu z hlavních příčin Ach je považována tvorba extracelulárních 

nerozpustných fibril tvořených proteinem amyloid-beta (Aβ)vznikajícím z prekurzor-

proteinu (AβPP) působením enzymů – sekretáz. Možnost ovlivnění činnosti β-sekretázy 

pomocí pasivní imunizace je v současné době testována jako možný způsob terapie 

ACh. Byla vyvinuta monoklonální protilátka nazvaná 2B12, která se prokazatelně váže 

na AβPP v blízkosti místa, kde dochází k jeho štěpení prostřednictvím β-sekretázy, 

a prostorovým stíněním zabraňuje štěpení AβPP a vzniku Aβ. 2B12 se na AβPP váže 

vně při povrchu buněk a celý vzniklý komplex se následně dostává do buňky, kde 

dochází k inhibici β-sekretázy. 

Metodologie: MOG buňky (původem nádorové hvězdicovité buňky) a H4 buňky 

(původem neurogliomy) byly při testování použity jako buněčný model ACh. 

Po inkubaci s 2B12, dalšími protilátkami vážícími se na AβPP (N-koncová protilátka) 

a protilátkami specificky se vážícími na jednotlivé buněčné organely za různých 

testovacích podmínek, buňky byly zafixovány a protilátky uvnitř označeny pomocí 

metod založených na principech imunologické buněčné chemie. To umožnilo jejich 

pozorování v jednotlivých buňkách prostřednictvím fluorescenčního mikroskopu. 

Výsledky: Prokázalo se, že příjem testovaných AβPP protilátek MOG I H4 buňkami je 

časově závislý. Nejlépe detekovatelné zbarvení indikující maximální možné množství 

protilátky v buňce bylo pro 2B12 po 4 hodinách inkubace v případě užití obou typů 

buněk; pro N-koncovou protilátku po 2 hodinách – byla testována pouze na H4 

buňkách. Buňky byly dále inkubovány s protilátkami specifickými jak pro AβPP, tak 

pro buněčné organely. Stanovením přítomnosti či nepřítomnosti vzájemně shodné 

lokalizace bylo určeno, které organely by se mohly s největší pravděpodobností účastnit 

procesu přijímání komplexu AβPP – protilátka do buněk a případně dalšího zpracování 

uvnitř buňky. V průběhu provedeného testování, vzájemná lokalizace protilátek byla 

dobře patrná jen při užití N-koncové protilátky a modelových H4 buněk. Organelou 

nejpravděpodobněji zapojenou do zmíněných procesů se ukázaly být časné endosomy, 

případně lysozomy, zatímco Golgiho aparát, mitochondrie, plasmatická membrána a 

endoplasmatické retikulum jako organely nezúčastěné. 
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Závěr: Provedené testování na živých buňkách potvrdilo předpoklad, že příjem 

komplexu AβPP – protilátky do buněk je časově závislý. Zároveň jeho vzájemná 

lokalizace s uvedenými organelami podporuje klíčovou úlohu tzv. endosomálně-

lysosomální cesty při zpracování AβPP. 
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1. Introduction 

 

Alzheimer‘s disease (AD) is the most common type of dementia. The main 

hallmark of dementia is a destruction of brain cells and subsequent changes 

in the structure and functions of brain. Declines in memory, the impairment 

of reasoning and communication skills, inability to carry out everyday activities are 

the prominent symptoms occurring in the patients with AD (Alzheimer´s Society). 

As the World Health Organization currently published, estimated 37 million people 

worldwide have dementia, more than 18 million of them AD subtype (Mount and 

Downton 2006). 

There are several various factors confirmed to be responsible for AD 

development but the definite cause of this disease is not yet fully understood. According 

to the amyloid hypothesis, there are extracellular amyloid plaques containing mainly 

insoluble amyloid-β (Aβ) peptide fibrils, occurring mostly in the regions of the CNS 

responsible for learning and memory. A formation of the plaques leading to a severe 

damage in a brain is said to be one of the main causes of AD (Dominiguez and 

De Strooper 2002). 

Currently marketed drugs for AD treatment do not prevent or reverse the disease 

and are approved only for the management of symptoms (Melnikova 2007). However, 

despite incomplete understanding of AD pathophysiology, a significant progress has 

been achieved in development of several disease-modifying drugs (Selkoe 1999). 

Enzyme called β- secretase is responsible for the creation of Aβ fibrils 

by a specific cleavage of the amyloid-beta precursor protein (AβPP) (Citron 2004). 

Using mouse AD models, it was confirmed, that the inhibition of β- secretase can 

significantly reduce the level of Aβ, clear or even prevent formation of Aβ plaques 

(Woodhouse at al 2007). 

There were attempts to inhibit β- secretase by active immunization; they worked 

with mouse models but when tested in human trials, the trials had to be prematurely 

stopped due to the development of serious side effects (Gilman et al 2005). 

Above-mentioned troubles promoted an idea that efforts should be directed at 

inhibition β- secretase activity indirectly, via modification of enzyme interaction 

with AβPP (Arbel and Solomon 2007). 
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The Thomas research group has developed a monoclonal antibody (called 2B12) 

which inhibits β- secretase activity by steric hindrance as it binds in the vicinity 

of the enzyme‘s cleavage site in AβPP. Using ELISA and Western blotting methods, 

2B12 has been confirmed to bind to AβPP and reduced concentrations of Aβ40 

in the media of tested cells (Thomas et al 2006). 

Following research with fixed AβPP producing cells has shown that 2B12 

formed complex with AβPP at the cell surface which is then internalized into the cells 

in a time-dependant manner (Ho 2007) and pointed out early endosomes as 

the organelle most likely to be involved in the process of AβPP – 2B12 complex 

internalization and further intracellular processing (Pabari 2008). 

The method of a passive immunization has many advantages when compared 

by active immunization, but it is lot more expensive (Morgan 2006). 

2B12 was proved to have no toxic effect on the cells, no potential 

for the induction of an excessive immune response and brain inflammation (Thomas 

et al 2006). As the number of AD sufferers is increasing (Alzheimer´s Society), 

the research leading to the development of disease-modifying drugs should have been 

supported. 
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2. The aim of the work 

The hypothesis of 2B12 entering cells by binding to AβPP at the cell surface and 

then inhibiting BACE1 activity in an intracellular compartment as proposed by Thomas 

et al 2006 required another testing which would confirm and further specify 

this hypothesis. There were two main questions needed to be answered: 

 

1. Description of 2B12 internalization into the live cells 

2. Determination of the intracellular localization of internalized 2B12 in live cells 

using specific organelles markers  
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3. Theoretical part 

 

3.1 General information about Alzheimer’s disease 

Alzheimer‘s disease (AD) is the most common type of dementia. The main 

hallmark of dementia is a destruction of brain cells and subsequent changes 

in the structure and functions of brain. It was in 1906 when German neurologist Alois 

Alzheimer diagnosed this disease which now bears his name. Declines in memory, 

impairment of reasoning and communication skills, inability to carry out everyday 

activities are the prominent symptoms occurring in the patients with AD (Alzheimer‘s 

Society).The illness usually progresses slowly but causes severe damages; the end-stage 

patients are totally dependent on their caregivers. Except the direct effect on patients, 

AD puts also an enormous burden on their families, carers and a whole society (Citron 

2002). 

AD is most common in older people but people of any age can suffer from AD. 

Moreover, generally all types of dementia shorten the lives of affected individuals when 

an estimated median survival of those who developed AD is 7.1 years (Alzheimer‘s 

Society). 

Increasing age is one of the main risk factors for this disease – the number 

of AD sufferers almost doubles every five years after the age of 60; nearly half 

of the elders over 85 are stricken by AD. As the World Health Organization currently 

published, estimated 37 million people worldwide have dementia, more than 18 million 

of them AD subtype (Mount and Downton 2006). 

 

3.2 Pathology of Alzheimer’s disease 

There are several various factors confirmed to be responsible for AD 

development but the definite cause of this disease still has not been fully understood. 

However, there are several more or less proven hypotheses concerning AD etiology. 
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3.2.1 Amyloid and Neurofibrillary Tangles Hypothesis 

The structure and thereafter functions of AD brains are damaged by formation 

of two types of protein aggregates mostly in regions of the CNS responsible for learning 

and memory. They are extracellular amyloid plaques containing mainly insoluble 

amyloid-β (Aβ) peptide fibrils and intracellular neurofibrillary tangles (NFTs) made 

of twisted filaments of the hyperphophorylated tau protein (Dominiguez and 

De Strooper 2002). 

According to the amyloid hypothesis, either overproduction of Aβ or 

dysfunction in the clearance of Aβ – or both – leads to the Aβ accumulation and 

formation of plaques (Khan 2007).  

The conformational changes and hyperphosporylation of the tau protein result 

in creation of paired helical and straight filaments composing NFTs (García – Sierra 

et al 2003). 

The protein aggregates cause neuronal dysfunction, brain inflammation, loss 

of grey matter, disturbance in various transmitter systems (Khan 2007) and their 

appearance correlates with the clinical expression of AD (García – Sierra et al 2003). 

 

3.2.2 Oxidative Stress  

As brain is an organ rich in fatty acids and transition metals and has high energy 

and oxygen requirements, it is particularly vulnerable to oxidative damages (Domenico 

and Norman 2000). 

 There are several direct evidences supporting the key-role of oxidative stress 

in the origination and progression of AD: 

(1) AD brains are rich in transition metals; increased levels of Fe
2+

/Fe
3+

, 

Al
3+

 and Hg
2+

 are capable of stimulating free radical generation and 

contribute to subsequent oxidative changes (Markesbery 1997); 

(2) increased lipid peroxidation, increased level of 4-hydroxy-2-trans-

nonenal but decreased amount of polyunsaturated fatty acids can be 

observed in AD ventricular fluid (Markesbery 1997); 
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(3)  there is significantly increased protein and DNA oxidation in the AD 

brains (Markesbery 1997);  

(4) changes in several enzymes functions (e.g. decreased cyclooxygenase 

activity) as well as diminished energy metabolism occur in the AD 

brain (Markesbery 1997); 

(5) Ca
2+

 dyshomeostasis with subsequent alterations in mitochondrial 

function and induction of apoptosis pathways leads to a neuronal death 

when AD progresses (Butterfield 2001). 

 

The antioxidants are able to interfere with most of these deleterious processes 

(Butterfield 2001). However, more studies of potentially disease-modifying therapy 

based upon antioxidants are needed. 

 

3.2.3 Perturbations of various transmitter systems 

AD is characterized by a striking neuron loss in different parts of CNS and 

subsequently, there are several neuronal transmitter systems (NTS) affected by this 

disorder. The most significant loss of neurons and neuronal connections can be 

observed in the cholinergic system but also noradrenergic, serotonergic,
 
GABAergic, 

and peptidergic NTS are disturbed (Raiteri 2006). 

These changes are responsible for above-described impairment of brain 

functions and contribute to development and progression of AD symptoms (Cohen and 

Aston-Jones 2005). 

Reduced activity of important enzymes, lower synthesis, release and up-take 

of neurotransmitters – these changes are evident even in brains of AD patients 

in an early stage of the disease (Raiteri 2006). 

Unfortunately, the role of neuromodulators and neurotransmitters in a brain is 

still not completely clear. Further investigations of NTS function as well as their impact 

on memory and behaviour have to be carried out if we wnat to succeed in a design 

of effective AD treatment (Cohen and Aston-Jones 2005). 
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3.2.4 Genetic background for AD  

Many different genes are suspected of contribution to AD pathology. A direct 

impact of four specific genes has been confirmed as possible cause of AD (Selkoe 

1999) but there are at least 50 additional candidate genes likely to be involved in AD 

pathology (Serreti 2005). 

Three particular genes encode Amyloid precursor protein, Presenilin 1 and 

Presenilin 2; an each mutation of these genes affect Aβ production and is responsible 

for the early-onset AD with autosomal-dominant pattern of inheritance. The inherited 

early-onset AD is not common, it represents less than 1% of the total number of cases 

of Alzheimer disease (Holmes 2006). 

The presence of alipoprotein E4 allele (apoE4) has been proved as an established 

genetic risk factor especially for so called late-onset AD. Studies in families when 

apoE4 occur have shown that the probability of AD development among family 

members is increased nearly three times (Serreti 2005). 

AD is believed to be multi-factorial polygenic disorder with not so well-known 

basis. Further genes analyses may help to clarify some of AD patophysiological 

mechanisms (Serreti 2005). 

 

3.3 Diagnosis 

The diagnosis of dementia includes not only detailed examination of AD patient 

but also the co operation of close relatives and friends. The anamnesis of the person‘s 

problems taken from their family and friends, his/her physical and mental state 

examination, neuropsychological testing, blood tests and brain scans (if appropriate), all 

these results together enable to diagnose AD and define the stage of disease 

(Alzheimer‘s Society). However, a definitive diagnosis of AD can be made only 

by post-mortem confirmation of presence of amyloid plaques and neurofibrillary tangles 

in suspected AD brains at autopsy (Mount and Downton 2006). 

Early diagnosis, complemented by definition of AD stage, is beneficial for both 

patients and their families. Individuals who have developed AD are assigned to several 
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stages of AD which are defined according to the reached Mini Mental State Exam 

(MMSE) score: 

 Patients with 'mild' AD can carry out daily activities independently; 

they have only mild problems with memory and learning and mild 

personality changes. 

 More progressive 'moderate' and 'severe' AD is characterized 

with a prominent impairment of memory, cognitive functions and 

behaviour; patients are more dependent on their caregivers. 

 During 'profound' and 'terminal' stages of AD the disease worsens 

and leads to death (Mount and Downton 2006). 

 

3.4 Current treatment  

There are five approved drugs for treatment of AD currently on the market 

worldwide. However, these drugs only more or less reduce symptoms of AD; they are 

not able to prevent AD or reverse a disease progression (Melnikova 2007). 

Donepezil, rivastigmi, galantamine and tacrine rank among the cholinesterase 

inhibitors class of drugs which is used for symptomatic AD treatment. However, some 

of recent long-term studies have suggested that these drugs can not only ease the AD 

symptoms but also slow disease progression. But The National Institute for Health and 

Clinical Excellence (NICE) in the UK recommended using cholinesterase inhibitors 

(donepezil, rivastigmine, galantamine) only for treatment of moderate AD. 

Memantine, the N-methyl-D-aspartate (NMDA)-receptor modulator, has 

a positive effect on AD symptoms but according to NICE guidelines, this drug should 

not be use for moderately severe to severe AD unless it is a part of clinical trial 

in research (Loweman 2006). 

 All together, there is nearly no treatment available for patients with mild AD 

these days unless they get worse (Jones 2007). 
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3.5 Trends of present-day research  

Despite incomplete understanding of AD pathophysiology, a significant progress 

has been achieved in development of several disease-modifying drugs classes targeting 

the main assumed causes of AD (Selkoe 1999). 

1. Treatment based upon the amyloid hypothesis (see 3.6) 

2. Treatment targeting pathological tau NFT (see e.g. Asuni et al 2007) 

3. Drugs dealing with oxidative stress hypothesis – antioxidants, free-

radical scavengers, calcium-channel blocker, cholesterol-lowering drugs 

(see e.g. Behl et al1992) 

4. Non-steroidal anti-inflammatory drugs (see e.g. Andersen et al 1995) 

 

 

3.6 Amyloid Cascade Hypothesis (ACH) – important drug targets 

Amyloid plagues are large insoluble aggregates of Aβ and according to ACH 

they are considered to be the primary cause of AD. Aβ is a product of one type 

of cleavage of AβPP. There are two ways of AβPP cleavage – the amyloidogenic 

pathway mediated by β- secretase and γ-secretase and results in Aβ formation, and 

the harmless non-amyloidogenic pathway which involves α-secretase and γ-secretase 

(Citron 2004). 

As shown in Fig.3.1, when AβPP is cleaved by α-secretase, large soluble 

fragment sAβPP- α and C83 peptide arise. The C83 peptide is subsequently cleaved 

by γ-secretase to release two C-terminal variants p340 and p342. Similarly, the cleavage 

by β- secretase produces sAβPP- β fragment and C99 peptide which is subsequently 

processed by γ-secretase to release two C-terminal variants Aβ40 and Aβ42 (Selkoe 

1999).  

Both β- secretase and γ-secretase have been considered as the potential drug 

targets for AD treatment (Khan 2007).  
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Fig 3.1 The cleavage of AβPP in the non-amyloidogenic and amyloidogenic 

pathway. The upper diagram shows schematic structure of AβPP; the middle 

diagram depicts the non-amyloidogenic pathway when AβPP undergoes a cleavage 

by α-secretase and γ-secretase; the lower diagram illustrates the amyloidogenic 

pathway mediated by β- secretase and γ-secretase (taken from Selkoe 1999). 
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3.6.1 Gamma-secretase  

 The enzyme called γ-- secretase belongs to aspartyl-proteases enzyme family. It 

is a part of multi-component high-molecular-weight complex consisting of four 

transmembrane proteins – presenilin, nicastrin, anterior pharynx (APH1) and presenilin 

enhancer (PEN2) (Haas and Steiner 2002).  

The role of γ-secretase in the production of Aβ peptides was the first one 

recognized but subsequently its other functions were found. Gamma-secretase also 

mediates Notch signalling and plays a key-role in process of embryogenesis. Therefore, 

the inhibition can be accompanied by serious side-effects (Kopan and Ilagan 2004). 

However, there are some γ-secretase inhibitors under the testing (Khan 2007). 

For example, tarenflurbil - a modulator of γ-secretase activity - is currently in an 18-

month pivotal Phase III study and if succeeds it can be launched 2009/2010 (Melnikova 

2007). 

 

3.6.2 Beta-secretase  

Initially, it was γ-secretase receiving more attention as potential target for AD 

treatment. This has been changed after discovery of γ-secretase multi-functionality and 

the identification of β- secretase (Citron 2002). 

Four independent research groups have identified the same protein, considered 

to be β- secretase, each of them using different methods (Arbel and Solomon 2007).      

β-secretase, also named BACE 1(β-site AβPP cleaving enzyme 1) is a 501 amino-acid 

aspartyl protease belonging to the pepsin family (Citron 2002). Soon after the discovery 

of BACE 1, the second human homolog, termed BACE 2, was identified. Both enzymes 

share 64% similarity at the amino acid sequence but whereas BACE 1 is located mainly 

in the brain, BACE 2 level is brains in very low or undetectable and this homologue is 

express mainly in human peripheral tissues (Bennett et al 2000). 

Short after BACE 1 discovery, the development of its inhibitors as potential 

therapeutic agents of AD started. Several inhibitors from various classes have shown 

promising efficacy in the animal models of AD but there are remaining difficulties 

needed to be overcome before these drugs will be allowed to progress into the clinical 

investigation (Guo and Hobbs 2006). These troubles promoted an idea that efforts 
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should be directed at inhibition BACE 1 activity indirectly, via modification of enzyme 

interaction with AβPP (Arbel and Solomon 2007). 

 

3.6.3 Aβ immunotherapy  

The reported alterations in the immune system of AD patients have raised 

the question whether immune system can help to prevent or stop progress of AD or can 

only contribute to brain damage (Boche and Nicoll 2008). 

The hypothesis has been tested in the numerous transgenic mouse models of AD 

because there is no standard laboratory animal model of AD (Higgins and Jacobsen 

2003). The mouse Aβ is approximately 96% homologous with human Aβ (Yamada 

et al 1987). 

Reduction of Aβ  level, clearance or even prevention of amyloid plaques 

formation as well as decreased astrogliosis, microgliosis and neuritic dystrophy have 

been achieved by both active and passive immunization strategies in many mouse 

models (Woodhouse at al 2007). 

 

Active immunization 

It was in the year 1999 when Schenk and his colleagues demonstrated that 

an active immunization of platelet-derived growth factor promoter expressing AβPP 

(PDAPP) mice can result in a significant reduction of Aβ level and deposits as well as 

decreased neuritic pathology (Schenk et al 1999). 

Even if there have been other successful studies further reported, the conversion 

of immunotherapy protocols from mice to human has appeared to be more problematic 

than it was expected. 

In 2001 Elan Corporation (Dublin, Ireland) and collaborators Wyeth-Ayerst 

(Madison, NJ, USA) initiated human trials with an aggregated human Aβ1-42 peptide 

AN1792 plus adjuvant. The phase I human trial proved AN172 as an agent capable 

of inducing a required immune response without serious adverse effect (Bayer 

at al 2005). The phase IIA trial should have assessed the efficacy of AN172 as an AD 

therapy. This phase had to been prematurely stopped as 6% of subjects exposed 

to AN172 treatment developed an aseptic meningoencephalitis when there were no such 
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reports among any placebo participants (Gilman et al 2005). The analysis of this trial 

has suggested that immunization with AN172 could trigger excessive TH1 immune 

response and hence induce over-activation of CD8-positive T cells, 

macrophages/microglia and stimulate B cells to produce IgG antibody. These changes 

can lead to CNS inflammation (Ferrer et al 2004). After the human trial failure, 

investigators have returned to mouse model of AD to achieve better understanding 

of immune system activation during active immunotherapy and then to finds safer 

therapeutic approach not causing brain inflammation (Woodhouse et al 2007). 

 

Passive immunization 

The passive immunization can be an equal alternative to active immunization 

as both approaches have lead to similar reduction of Aβ and plaque burden when tested 

on PDAPP mice (Buttini et al 2005). Moreover, there are several advantages of passive 

immunization. Passive immunization involves a regular administration of antibodies 

against the specific host antigen (anti-Aβ antibodies in this case) leading to antigen 

clearance mediated by the host immunity. This means, the administered dose can be 

controlled and the treatment can be stopped or interrupted if needed. On the other hand, 

a serious disadvantage of passive immunization is the price of antibodies, together with 

the fact that only small amount of administered antibodies cross blood brain barrier 

(BBB) (Morgan 2006). 

The experiments of in vitro modulation of Aβ fibril formation have shown that 

a high affinity monoclonal antibodies while binding to the N-terminal protein region 

of Aβ can stabilize protein conformation, prevent Aβ fibrils formation and even 

disaggregated the preformed ones (Solomon et al 1997).The amino acid sequence in   

N-terminal region of Aβ which served as an EFRH epitope for the antibodies has been 

identified (Frenkel et al 1998) and subsequent testing of these monoclonal antibodies 

on transgenic mice confirmed in vitro created hypothesis that only antibodies specific 

against particular epitope can affect the process of Aβ aggregation. Moreover, it was 

shown that passive immunization with modified antibodies lacking Fc region is of the 

same efficacy as this with whole antibodies but exhibits significantly reduced risk 

of immunity over-activation and brain inflammation and improved BBB crossing 

(Solomon 2006). 
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Inhibition of Aβ production via prevention of AβPP cleavage by BACE 1 

The most recent immunotherapeutic interests employ antibodies which bind 

to AβPP to prevent its cleavage by BACE 1 and Aβ production. 

The research group of Beka Solomon has developed antibodies against               

β-secretase cleavage site of AβPP; their binding to AβPP limited BACE1 activity. 

Both polyclonal and monoclonal antibody have been observed to bind to multiple 

antigenic peptide (MAP) models expressing wild-type of β-site sequence as well as 

Swedish mutated β-site. Also internalization of antibodies into cells and their ability 

to interfere with Aβ production has been confirmed in the model of cell line expressing 

high-levels of wild-type human AβPP (Arbel and Solomon 2007). Subsequently, 

the long-term systematic administration of these site-directed antibodies to transgenic 

mice has improved cognitive function and reduced brain inflammation but without 

any alteration in brain Aβ levels (Rakover et al 2007). 

Thomas et al (2006) have developed another monoclonal antibody which has 

been confirmed to inhibit BACE1 activity by steric hindrance as it binds in the vicinity 

of the enzyme‘s cleavage site in AβPP (Fig.3.2). 

There have been several types of monoclonal antibodies synthesized and 

the most promising clone 2B12-D2-F5 (2B12, isotype IgG2b) was chosen 

for subsequent testing. Astrocytoma MOG-G-UVW (MOG) and neuroblastoma        

SH-SY5Y (SY5Y) human cell lines were used as a model for examination of 2B12 

characteristics. Both cell lines constitutively express native AβPP. Using ELISA and 

Western blotting methods, 2B12 has been confirmed to bind to AβPP but not 

to recognize Aβ. The incubation with 2B12 reduced concentrations of Aβ40 

in the conditioned media of both cell lines in concentration-dependent manner. Viable 

cell counts showed no significant alteration in cell numbers when compared 

with controls so 2B12 is considered having no toxic effect on cells. As 2B12 does not 

recognize Aβ, there is no risk of induction of an excessive immune response and brain 

inflammation. Although 2B12 can not affect preformed amyloid plagues, it can decrease 

Aβ production and even prevent future plaques formation.   

This research group has reported for the first time that is possible to inhibit 

BACE 1 activity by blocking the cleavage site with a whole antibody as well as the non-
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transfected cell lines can be used as a model which simulates AβPP production of AD 

sufferers more precisely (Thomas et al 2006). 

 

 

Fig 3.2 The presumed mode of 2B12 action. Antibody 

binds to AβPP in the vicinity of BACE1 cleavage site 

and by steric hindrance inhibits BACE 1 activity which 

leads to reduction of Aβ production (taken from 

Thomas et al 2006). 

 

 

 

3.7 Endocytic pathway involved in Aβ production 

The Aβ is a product of double-cleavage of AβPP by two proteolytic enzymes,   

β-secretase and γ-secretase. The initial cleavage by β-secretase at the so called β-site is 

localized on the extracellular/luminal part of AβPP; γ-secretase is a multi-component 

enzyme with a quite unusual intramembranous localization (Pasternak et al 2004).  

Endocytic pathway enables cells to internalize, modify and degrade proteins that 

are transported from the cell surface into intracellular organelles; this pathway involving 

early and late endosomes, autophagic vacuoles, lysosomes and residual bodies           

(the endosomal/lysosomal system) is well developed in neuronal cells (Nixon et al 

2001).  

Cell surface labelling experiments in 1992 brought several proofs that Aβ was 

produced in the endosomal/lysosomal system (Pasternak et al 2004). Important 

alterations in the endocytic pathway and its component in neurons of AD brains have 

been later reported (Nixon et al 2001).Endoplasmic reticulum (ER) and Golgi apparatus 

(GA) are other organelles that take part in processing of AβPP to Aβ. Experiments 

using specific cell models with alterations of AβPP trafficking have suggested that 

the production of Aβ 40 occurs mainly in the endocytic pathway (as a large fraction 

of Aβ 40 is thereafter secreted to the media), whereas Aβ 42 is produced both in ER/GA 

and endocytic pathway and is primarily retained intracellularly (Koo et al 1996). 
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There were also experiments focused on the sub-cellular localization of BACE-

AβPP complex. It was confirmed that the interaction started on cell surface and 

continued even in the early endosomes after BACE-AβPP internalization (Kinoshita 

et al 2003). This finding supports the theory about 2B12-AβPP interaction. According 

to this theory 2B12 enters cells by binding to AβPP at the cell surface and then is 

internalized with this protein to endosomes (Fig.3.3). The endosomes are the organelle 

where AβPP binding with BACE1 is the most likely to occur (Thomas et al 2006) 

 

Fig 3.3 Theoretical pathway demonstrating the entry of 2B12 into the cell 

by binding to AβPP at the cell surface. The complex is then hypothesised to be 

internalized into the endosomes where BACE 1 activity and thus AβPP processing 

seem to be inhibited (taken from Pabari 2008). 
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3.8 Results of previous 2B12 testing  

There have been previous testing of 2B12 characteristics and a mode of action 

conducted; their results have been further exploited in this work. 

 

3.8.1 Internalization of 2B12 and AβPP in cellular model of ADxxx 

The MOG cells – both living and fixed- were incubated with 2B12, biotin-

labelled 2B12 and Alexa-488-labelled 2B12, and their internalization was observed 

using immunocytochemistry (ICC) as described in Kidd et al 1998. ICC analysis has 

shown that all tested types of 2B12 were internalized into the cells in the time-

dependent manner. These results contribute to the hypothesis suggesting that 2B12 is 

bound to AβPP at the cell surface and then it is internalized as an antibody-protein 

complex (Ho 2007). 

 

3.8.2 Co-localisation of the AβPP antibody 2B12 with intracellular cell markers 

Another part of 2B12 testing has dealt with more accurate description of 2B12 

internalization and subsequent localization within the model cells. Fixed cells were 

incubated with both 2B12 and several antibodies specific for individual intracellular 

organelles and compartments; the double labelling ICC was designed to follow their co-

localization. The results obtained were not clear enough; it has been impossible 

to destine a particular organelle where 2B12 is to be stored within. However, there have 

been some findings promoted the early endosomes as the most probable compartment 

in terms of 2B12 localization; they supported involvement of endocytic pathway 

in AβPP circulation (Pabari 2008). 
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4. Experimental Part 

 

4.1. Methodology 

4.1.1 Materials 

All chemicals were purchased by Fisher Chemicals (Leicester, UK) or Sigma-

Aldrich (Pool, UK) unless it is further specified. 

 

4.1.2 Cells cultivation 

The cell type of astrocytoma MOG-G-UVW (MOG) (purchased from ECACC-

European Cell Culture Collection, Porton Down, UK) were cultivated in 25cc or 75 cc 

flask in media containing a 1:1 solution of Ham‘s F10 and Dulbecco‘s Modified Eagle‘s 

Medium, 10% Foetal Bovine Serum (FBS) (Perbio Science U.K. Ltd, Cramlington, 

Northumberland) and 2mM glutamine. The Human-CNS derived neuroglioma cell line 

(H4) (obtained from The Mayo Clinic, Jacksonville, Florida, USA) were grown 

in a media containing Opti-mem (Invitrogen, Paisley, UK) with 4% FBS, 1% Pen/Strep 

(Invitrogen) and Zeocin 250 µg/ml (Invitrogen). 

 

4.1.3 Preparation of Cell Culture Cluster Wells 

Tests with cells were performed with either living or fixed cells mounted 

on cover-slips placed into wells. Collagen solution from calf skin (concentration 

1 mg/ml) was used to make cells adhere to the surface of cover slips.  

 At first, collagen solution was diluted 10-fold with sterile water to obtain 

a working concentration of 0.01%. 

 The cover-slips were put into the plate wells and each of them coated 

by collagen solution. The collagen proteins were allowed to bind for about 

5 hours at 37 °C.  
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 Excess fluid was removed from coated surface and the cover-slips were left 

to dry overnight under the exposure of UV light in a sterile tissue culture 

hood. 

4.1.4 Cells introduction 

Next day the plate was rinsed twice by 0.1M PBS (phosphate buffer saline) and 

500 µl of media with cells suspension in optimal concentration (50 000 /ml or 

60 000/ml as required) were introduced into each chamber with cover slip. 

It was necessary to remove required cells from the bottom of flask where they 

were cultivated with the use of approximately 2 ml 0.025% Trypsin-EDTA (Invitrogen) 

acting for 1.5 – 2 minutes, made cells suspension and count the cells. 

For counting of cells Z2 Coulter Particle Count and Size Analyzer (Beckman 

Coulter) was used. Measured sample contained 100 µl of cells suspension in10 ml 

Isoton solution. The counting was performed three times and final concentration of cells 

was calculated. 

 

4.1.5 Immunocytochemistry  

Immunohistochemistry is a collective term for various methods used 

to recognize constituents of tissues as antigens in situ by means of corresponding 

colour-tagged antibodies, usually but not always derived from another species. When 

applied to cell preparations, the same methods should be called immunocytochemistry. 

The history of immunostaining methods started when Albert H. Coons at Harvard 

Medical School, Boston, USA, in the early 1940s demonstrated that it was possible 

to localize antigens in tissue sections by means of fluorescein-labelled antibodies 

(Brandtzaegu 1998). 

The high affinity and selectivity of antibodies for specific protein, peptide and 

even specific amino acid targets has made immunocytochemistry one of the most 

powerful methods to localize molecular entities in cells. Standard immunostaining 

involves allowing the antibody to bind to its antigen and then localizing the antibody 

with a fluorescently marked secondary anti-host antibody and imaging in a fluorescent 

microscope. The goal in most immunostaining experiments is to compare 

the localization of two different protein targets within the same preparation. This is 
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routinely carried out by generating two ‗primary‘ antibodies in two different host 

animals and localizing these with non-cross-reacting ‗secondary‘ antibodies tagged 

with different fluorescent stains (Morris and Stanley 2003). 

4.1.5.1 Primary antibodies 

To visualize intracellular organelles most likely to store antibody within, 

polyclonal primary antibodies as specific organelle markers were used. Rabbit 

polyclonal to pan Cadherin (Abcam plc, Cambridge, UK) as a plasma membrane 

marker and Rabbit polyclonal to Calnexin (Abcam) as endoplasmic reticulum (ER) 

marker were tested for the first time; for co-localization experiment, several other 

previously tested organelle markers were used - early endosomal antigen 1 (EEA1) 

(early endosome marker), cation-independent mannose-6-phosphate receptor            

(CI-M6PR) (late endosomes marker), trans-Golgi network protein 46 (TGN46) (trans-

Golgi network marker) (all Abcam), lysosomal-associated membrane protein 1 

(LAMP1) (lysosome marker) (Sigma-Aldrich). 

The mouse anti-AβPP monoclonal antibody (2B12) was developed by Thomas 

et al (2006).This antibody was used either pure or was conjugated with biotin (biotin-

labeled 2B12). The Anti-Alzheimer Precursor Protein A4, a.a. 66-81 of APP              

{N-terminus}, clone 22C11 (N-terminal antibody) (Millipore) was the antibody used as 

a positive control to AβPP labelling. Antibodies were incubated with both living and 

fixed cells and their intake and localization inside the cells were visualized using 

various fluorescent stains. 

Rabit Anti-Human Beta-Amyloid 1-40 antiserum (anti-Aβ 40) (Autogen 

Bioclear, Clane, Wiltshire), Rabbit Anti-Human Beta-Amyloid 1-42 (anti-Aβ 42) 

(Autogen Bioclear) are antibodies against short 40 and 42 aa peptides; these peptides 

are products of proteolytic cleavage of AβPP.  

 

4.1.5.2 Secondary antibodies 

While using avidin-biotin system for visualization, the cells were in the second 

part of ICC incubated with biotin-labeled secondary antibody. It is important to choose 

right type of antibody according to the type of host-animal producing tested primary 

antibody. 2B12 is antibody obtained from mice, so anti-mouse antibody conjugated 

to biotin (Vector Laboratories, Burlingame, California, USA) was employed. Calnexin, 
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Cadherin as well as Aβ 40 and 42 are rabbit antibodies so they were incubated 

with anti-rabbit antibody conjugated to biotin (Vector Laboratories). 

 

4.1.5.3 Fluorescent stains  

The combination of biotin and avidin conjugated to fluorescein isothiocyanate 

(avidin FITC) / avidin conjugated to Texas Red or Alexa Fluor 546 were used as 

fluorescent stains. The highly specific interaction between avidin and biotin is 

the strongest known non-covalent interaction of a protein and ligand (Ka = 1015 M-1). 

That is why the avidin-biotin system has become a universal tool in many 

biotechnological applications, including ELISA; immunohistochemical staining; 

Western, Northern and Southern blotting; immunoprecipitation; cell-surface labelling; 

affinity purification; and fluorescence-activated cell sorting (FACS). Since biotin is 

a relatively small molecule, it can be conjugated to many proteins without alteration 

of their biological activity. Antibodies are biotinylated more often than any other class 

of proteins – biotin-labelling enables to visualize them and maintain their 

immunological reactivity in the same time (Piercenet 2008).  

The Alexa Fluor family of fluorescent dyes is typically used as the cell and 

tissue labels in the fluorescent microscopy and cell biology. The excitation and emission 

spectra of the Alexa Fluor series cover both the visible and infrared spectrum. 

The individual members of the family are numbered according to their excitation 

maxima (in nm). Alexa Fluor dyes are synthesized mostly by sulfonation of coumarin, 

rhodamine, xanthene and cyanine dyes. The Alexa series dyes are less pH-sensitive and 

more photostable than the original dyes from which they were synthesized. On the other 

hand, they are also more expensive. They are patented by Invitrogen (which acquired 

the company that developed the Alexa dyes, Molecular Probes, Eugene, Oregon, USA) 

and thus are priced higher than the common dyes that are available from multiple 

manufacturers (Invitrogen 2008). 

For better visualization of individual cells, a mounting media for fluorescence 

with DAPI can be used. DAPI (4', 6-diamidino-2-phenylindole) is a fluorescent stain 

that binds strongly to DNA. It is used as a DNA-specific probe for fluorescence 

microscopy, flow cytometry and some other biochemistry techniques. DAPI can pass 

through an intact cell membrane so it may be used to stain both live and fixed cells. 
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DAPI is excited with UV light, its absorption maximum is at 358 nm and its emission 

maximum is at 461 nm. The colour of emission is blue/cyan (Li et al 2003). 

 

4.1.5.4 Method of immunocytochemistry 

FIXED CELLS 

 Media from the plate with cells attached to cover slips was removed. 

 Cells were rinsed 3x with 0.1 M PBS (see appendix for composition of all 

solutions).  

 Cells were fixed with 2% formaldehyde in 0.1M PBS for 15 minutes.  

 After fixing cells were rinsed with 0.1 M PBS as described above. 

In this buffer they can be store at 4 °C in a sealed plate until use. 

 After storage, cells were rinsed 3x 5 min in PBS. 

 Cells were cultivated with 500 µl blocking solution for 30 minutes to prevent 

undesirable non-specific binding. Major components of this solution are 3 % 

serum from animal used to raise the secondary antibody (horse for anti-

mouse secondary, goat for anti-rabbit secondary), 1% BSA (bovine serum 

albumin) and 0.1% Triton X – 100 in sufficient amount of 0.1 M PBS. 

 First part of incubation was performed with 400 µl blocking solution 

containing the primary antibody for 24 – 72 hours at 4 °C in a humidified 

container. Only blocking solution was used for incubation of control cover 

slips. 

 Cells were washed with PBS (3x 5 min) and incubated with 400 µl blocking 

solution containing a secondary antibody conjugated with biotin (1:500, 

Vector Laboratories) for 2 hours at room temperature (RT) or with blocking 

solution containing a secondary antibody conjugated to fluorophore (1:500, 

Molecular Probes) for 1 hour at RT in dark to prevent bleaching. 

 After another washing (3x 5 min in PBS) third part of incubation 

with blocking solution avidin FITC or avidin Texas Red (1:600, Vector 

Laboratories) for 1 hour at RT in the dark to prevent fading was carried out 

(only if needed). 
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 For the last time cells were rinsed with PBS, covers slips were removed 

from plate, then dipped in distilled water to remove buffer salts and leave 

to dry (for approximately 1 hour) in the dark. 

 Dry cover slips were attached to glass slides rinsed with 100% ethanol 

with use of mixture of VECTASHIELD
®
 HardSet™ Mounting Medium 

(Vector Laboratories) with and without DAPI 1: 1.  

 Glass slides were stored in the dark in the fridge before microscopy 

examination. 

LIVING CELLS 

 Media from a plate with cells attached to cover slips was removed. 

 Cell were incubated with media containing primary antibody (concentration 

10 µg/ml or 5 µg/ml) for various period of  time, for control cells only media 

was used.  

 Media was removed from the plate and cells were rinsed 3x with 0.1 M PBS. 

 Cells were fixed with 2% formaldehyde in 0.1M PBS for 15 minutes. 

 Cells were rinsed 3 x 5 min in 0.1M PBS. 

 Cells were incubated with 400 µl blocking solution containing the secondary 

antibody conjugated with biotin (1:500, Vector Laboratories) for 2 hours 

at RT or with blocking solution containing a secondary antibody conjugated 

to fluorophore (1:500, Molecular Probes) for 1 hour at RT in dark to prevent 

bleaching. 

 After another washing (3x 5 min in PBS) the third part of incubation 

with blocking solution avidin FITC or avidin Texas Red (1:600, Vector 

Laboratories) for 1 hour at RT in the dark to prevent fading was carried out. 

 Cells were then washed 3x 5 min with PBS. 

 Covers slips were removed from plate, then dipped in distilled water 

to remove buffer salts and leave to dry (for approximately 1 hour) in the 

dark. 

 Dry cover slips were attached to glass slides rinsed with 100% ethanol with 

use of mixture of VECTASHIELD
®
 HardSet™ Mounting Medium (Vector 

Laboratories) with and without DAPI in proportion 1: 4. 

 Glass slides were stored in the dark in the fridge before microscopy 

examination. 
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4.1.6 Fluorescent Microscopy 

Fluorescence microscopy is one of the most powerful techniques for localization 

and study of specific components of cells and tissues. It enables to analyse distribution 

of several components simultaneously when different fluorophores are used for their 

labelling.  

Imunostained cells samples were visualized using a Leica DMIRE2 microscope 

with a Hamamatsu Camera C4J42-95 (Leica, Germany) at 630x magnification. Data 

was acquired on a Power Macintosh computer using OpenLab™ software 41300206 

(Improvision, Coventry, UK). 

 

4.1.7 Biotin-labelled antibody production 

The hybridoma cells for 2B12 production were generated as described 

in Thomas et al 2006. There were low concentration of antibody and also other proteins 

presented at the cells media so 2B12 antibody had to be concentrated and purified 

before biotin-labelling procedure. 

 

4.1.7.1 Concentration of antibody 

The 2B12 antibody was concentrated from cultural medium using an Avanti 

J-25 centrifuge (Beckman Coulter) and centrifugal concentrators Centriplus 

Centrifugal Filter Device with Amicon YMT membrane (Millipore). This specific, 

low-adsorptive and hydrophilic membrane let through only molecules smaller than 

100 kDa. Each hour, 10 ml of antibody was added to the centrifugal concentrator 

and centrifuged at 4 °C, using rotor JA 25.5 and speed 3000 x g. The final sample 

was placed into reverse centrifugal tube and centrifuged at 2000 x g for 4 minutes 

in an opposite direction to make sure that all amount of antibody was collected 

as there could be some retained in the membrane. 
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4.1.7.2 Dialysis of antibody 

While the concentration process was finished, the antibody was dialyzed 

to removed possible contamination using Slide-A-Lyzer
®

 Dialysis Cassette (Pierce, 

Rockford, IL, USA). 

 Cassette was hydrated in PBS before introducing the sample. 

 The sample was filled into the syringe with needle and injected to the space 

between two layers of membrane through a specific hole in the corner 

of cassette. 

 Cassette was submerged into PBS and left to be dialysed overnight at 4°C. 

 

4.1.7.3 Antibody purification 

During concentration, not only 2B12 but all particles bigger than 100 kDa were 

detained in concentrated fraction. The affinity chromatography kit MAb Trap
®
 G II 

(Pharmacia Biotech, Cambridge, UK) for fast and effective purification of antibody 

before biotinylation was used. 

 Binding buffer (25 ml) and elution buffer (5 ml) were prepared by diluting 

stock buffer concentrates 10x. 

 Collection tubes were filled with 60 µl of neutralizing buffer. 

 Syringe and column were connected through the adaptor. 

 Ethanol preservative was washed out with 5 ml of distilled water and 

the column was equilibrated with at least 3 ml of binding buffer. 

 The sample was applied and the column was washed using approximately 5 

ml of binding buffer. Several fraction of 1 ml were made using pre-prepared 

collection tubes. 

 Elution was performed using 5 ml of elution buffer. 

 Before storage column was equilibrated with 10 ml of 20% ethanol. 

 

4.1.7.4 The Protein Assay 

Using above-mentioned purification kit, 2B12 should be retained in one 

of the collection tube number 11-16. The BCA
TM

 Protein Assay was performed 

to localize the antibody within these tubes. 
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The BCA
TM

 Protein Assay is a detergent-compatible formulation based 

on bicinchoninic acid (BCA) for the colorimetric detection and quantification of total 

protein. This method combines the well-known reduction of Cu
2+

 to Cu
+
 by protein 

in an alkaline medium with highly sensitive and selective colorimetric detection 

of the cuprous cation Cu
+
 using a unique reagent containing bicinchoninic acid. 

The purple-coloured reaction product of this assay is formed by the chelatation of two 

molecules of BCA with one cuprous ion. This water-soluble complex exhibits a strong 

absorbance at 562 nm that is nearly linear with increasing protein concentrations over 

a broad working range (0.02 – 2 mg/ml). In the same way, the macromolecular structure 

of protein, the number of peptide bonds and the presence of four particular amino acids 

(cysteine, cystine, tryptophan and tyrosine) are reported to be responsible for colour 

formation with BCA. Accordingly, protein concentrations generally are determined and 

reported with reference to standards of a common protein such BSA. A series 

of dilutions of known concentration are prepared from the protein and assayed 

alongside the unknown(s) before the concentration of each unknown is determined 

based on the standard curve. Two tested procedures are presented, the Test Tube 

Procedure and the Microplate Procedure. 
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Method for Microplate Procedure 

 Preparation of diluted BSA standards for BSA stock with concentration of 2 

mg/ml (Bovine Albumin fraction V, Pierce). 

 

Final BSA conc 

(protein 

mg/ml) 

H2O 

(µl) 

BSA stock (2mg/ml) 

(µl) 

Dilution factor 

1 500 500 1:2 

0.5 500 500 1:2 

0.25 500 500 1:2 

0.2 175 700 1:1.25 

0.1 500 500 1:2 

0.05 500 500 1:2 

0.025 500 500 1:2 

0.01 750 500 1:2.5 

Blank 1000 0 - 

 

 Preparation of the Working Reagent (WR) 

At first, the total volume of WR required was determined: 200 µl of WR reagent 

is required for each sample. 50 parts of BCA
TM 

Reagent with 1 part of BCA
TM

 

Reagent B were mixed to make WR. 

 The 96 wells plate was labelled and 25 µl of each standard or samples 

in duplicate was placed in it. 

 200 µl of the WR was added into each well and the plate was mixed 

thoroughly on a plate shaker for 30 seconds. 
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 Covered with lid, the plate was incubated at 37 C for 30 minutes. 

 Plate was cool down for 5 minutes at RT.  

 Using spectrophotometer MRX
TC

 Revelation Dynex Technologies, 

the absorbance was read; figures were write down and printed. The optimal 

wavelength is 562 nm, but wavelengths from 540 – 590 nm have been 

working successfully with this method. 

 Using the computer program Graph Pad Prism 2.01 (linear regression), 

the concentration of antibody was obtained.  

 

4.1.7.5 Biotin-labelling procedure  

A kit containing No-Weigh
TM

 Sulfo-NHS-Biotin 8x1 mg microtubes (Pierce) 

enables a simple and efficient labelling of antibodies, proteins and any other primary-

amine containing molecules. 

 A calculation – acquired amount of biotin and biotin reagent solution was 

calculated according to the producer´s instructions: 

1. The calculation of milimoles of biotin reagent for reaction with a 20-

fold molar excess: 

ml protein x mg protein/ml protein x mmol protein/mg protein x 

20 mmol Biotin/mmol protein = mmol Biotin 

 

2. The calculation of 10mM biotin reagent solution to be added 

to the reaction: 

mmol Biotin x 1,000,000 µl/10 mmol = µl Biotin 

 A 10 mM solution of biotin reagent was prepared adding 224 µl of ultrapure 

water to the 1 mg microtube. 

 An acquired volume of biotin reagent solution was mixed with antibody 

solution and incubated for 30 minutes at RT. 

 

4.1.7.6 Buffer exchange for purification 

Biotin-labelling procedure resulted in labelling not only concerning 2B12 but 

also all other possibly present primary-amine containing molecules. Moreover, it can be 

expected that not all biotin was binding to protein. These undesirable particles were 
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removed from antibody solution by buffer exchange by using either Zeba
TM

 Desalt Spin 

Column (Pierce) or Slide-A-Lyzer
®
 Dialysis Cassette (Pierce) as described in 4.1.7.2 

Zeba
TM

 Desalt Spin Column 2 ml 

 Column was placed into a collection tube and centrifuged at 1000x g for 

2 minutes to remove storage solution. 

 PBS was added to the column – for 2 ml column 1 ml of buffer was used. 

Then it was centrifuged three times at 1,000 x g for 2 minutes. 

 PBS was discarded from the collection tube. 

 The column was placed in a new collection tube, the sample containing antibody 

was applied and centrifuged at 1,000 x g for 2 minutes.  

 

4.1.7.7 Quantification of IgG using a sandwich ELISA 

This method enables to quantify the amount of antibody in the tested sample; its 

principle is based upon interactions between primary and enzyme-labelled secondary 

antibody while adding enzyme, substrate specific colour occurs and its intensity 

correspond to IgG concentration.  

 Sheep anti mouse IgG in concentration 1:4000 was adsorb to 96 well Greiner 

plate after diluting in coating buffer (see appendix for composition of all 

solutions) and incubated in volume 100 µl per well overnight. 

 Antibody solution was removed and wells were washed 3x with PBST 

 Unbound sites on plastic were blocked using at least 100 µl of blocking 

solution for at least 30 minutes (usually about 1 hour) at RT. 

 Dilution series of IgG standard was added into first two rows on well plate. 

The dilution series contained 11 dilutions, started with 210ng/ml 

concentration of IgG standard and PBST was used as dilution solvent. 

 Two-fold dilutions of antibody which need to be quantified were added 

into other two rows on the plate. 

  A whole testing was performed in duplicate including negative control 

(PBST); 100 µl per well were incubated for 2 hours at RT. 

 Wells were washed 3 x in PBST. 
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 200 µl of goat enzyme-labelled (HRP – horseradish peroxidase) anti-mouse 

IgG (1:6000) (Pierce) were added and incubated for 1 hour at RT. 

 Wells were washed 3x PBST and enzyme substrate (0.4 mg/ml) was added 

in the amount of 100 µl to each well and incubated at RT until colour 

developed sufficiently (ideally 20 minutes). 

 50 µl stop solution (2.5M H2SO4) was added and intensity of staining was 

read at 492 nm using spectrophotometer MRX
TC

 Revelation Dynex 

Technologies. 

 The concentration of antibody was obtained with help of the computer 

program Graph Pad Prism 2.01 (nonlinear regression, one site binding curve-

hyperbola). 

 

4.1.8 The lysis of cells 

The lysis of both H4 and MOG cells was performed using the following method: 

 The Lysis Buffer was made up (see appendix for composition of all 

solutions). 

 A sufficient amount of buffer was added into the flask with cells suspension 

and left on ice for 15 minutes. 

 Using specific scraper, cells were removed from flask and transferred 

to Eppendorf tubes. 

 Eppendorf tubes were spun down at 13000 x g at 4 °C for 15 minutes. 

 The supernatant was removed and the protein concentration was obtained 

by Protein Assay. 

  The product was stored in aliquots at -20 °C until used in Western blotting. 

 

4.1.9 Western Blotting  

Western blotting (WB) or immunoblotting is an analytical method that involves 

the immobilization of proteins on membranes before detection using monoclonal or 

polyclonal antibodies. Prior to protein immobilization on the PVDF (polyvinylidene 

difluoride) or nitrocellulose membrane, sample proteins are separated using SDS – 

PAGE (Sodium Dodecyl Sulphate - PolyAcrylamide Gel Electrophoresis). This method 
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is used to separate molecules based on size, shape, or isoelectric point and coupled 

with WB enables to determine the presence of a target protein (Westernblotting 2008). 

 

4.1.9.1 SDS - PAGE 

 Separating gel (see appendix for composition of all solutions) with 7.5% 

acryl-amide concentration was prepared and 6.2 ml was placed into each gel 

cassettes (Invitrogen). 

 300 µl water-saturated 2-butanol solution was added to produce flat surface 

and gel was left to set. 

 Water -2-butanol solution was removed and top of the gel was washed 

with water. 

 Stacking gel with 5% acryl-amide concentration was made and placed 

to the cassette to reach the top. 

 The comb was immediately put in to create required number of wells during 

the setting of stacking gel. 

 Then the cassette was washed with 1X tank buffer and dried. 

 Cassette was inserted into tank with tank buffer. 

 The samples were made up using a sample buffer and then heated to 95°C 

for 5 min. 

 Sufficient amount of samples and appropriate markers were loaded in the gel 

wells. 

 Gel tank was put in an ice container to cool the tank down during the run. 

 Gel was run at 40-50V until samples reached the separating gel and the main 

gel was run at 100-130V (approximately for 2.5 hour). 

 Once gel was run, cassette was removed from tank and stacking gel was 

cut off. 

 

4.1.9.2 Electro-transfer 

 The gel with protein samples separated by SDS-PAGE was put into transfer 

buffer. 
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 A sandwich - thin filter paper + Hybond ECL Nitrocellulose Membrane 

(Amersham Biosciences, Buckinghamshire, UK) + gel + thin filtrate paper - 

was made on the lower electrode (anode) of the semi-dry blotter. 

 The top electrode (cathode) was put on and sandwich was run at a constant 

current - 38.4 mA for 60 minutes ( 0.8 mA x area of membrane is needed). 

 

4.1.9.3 Western blotting procedure 

 After electro-transfer the membrane was rinsed with 1X TBST to remove 

the transfer buffer and blocked using Blotto for 1 hour at RT on the Gyro-

Rocker (Stuart Scientific, Stone, Staffordshire, UK). 

 After blocking membrane was cut into strips (if necessary) and incubated 

with solution containing primary antibody in 1X TBST or/and Blotto 

overnight at 4°C. 

 The next day the membrane was washed in 1X TBST – 2 quick washes, 2x 

5 minutes and one 15 minutes wash. 

 Secondary antibody was made up in 1X TBST and/or Blotto. 

 Membrane was incubated with 20 ml of secondary antibody (1:2000) for 

1 hour at RT in a container on a rocker. 

 After this incubation membrane was washed with 1X TBST as described 

above. 

 Excess liquid from wash was removed and the membrane was exposed for 

5 minutes to a 1:1 mix of SuperSignal
®

 West Dura Stable Peroxide Buffer 

and SuperSignal
®
 West Dura Lumino/Enhancer Solution (Pierce). 

 Membrane was wrap in cling film and expose to Amersham Hyperfilm TM 

ECL (GE Healthcare Limited, Buckinghamshire, UK) for different lengths 

of time before developing using RG X-ray developer and fixer (Champion 

Photochemistry, Essex, UK). 
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4.2 Results 

4.2.1 Living MOG cells – time course (TC) of anti-AβPP uptake 

The uptake of 2B12, biotin-labelled 2B12 and N-terminal antibody were tested 

while incubated with living MOG cells mounted on cover-slips. 

All cover-slips were treated by ICC and then examined using a fluorescent 

microscope. 

 

4.2.1.1 2B12 

Two different concentrations of non-labelled 2B12 were tested: 5µg/ml and 

10µg/ml. The lower concentration appeared to be too small for reasonable detection so 

the concentration of 10µg/ml was preferred to use (data not shown). 

The incubation of cells with 2B12 was carried out for several time periods to 

find out if some time- dependent course of antibody internalization could be described: 

30 minutes, 1 hour– the 2B12 staining was too faint, unable to visualized, nearly 

no difference between 30 minutes and 1 hour (data not shown). 

2 hours – some cells showed more intensive, punctuate staining indicated 

the internalized 2B12. 

4 hours – the staining of internalized 2B12 was the strongest one after 4 hours 

of incubation; this time point was chosen as the optimal time for co-localization 

experiments. 

8 hours, 16 hours, 24 hours – there were no improvement in sensitivity of 2B12 

detection indicating that a longer incubation has no positive effect on the amount 

of 2B12 to be internalized (data not shown). 

Two types of 2B12 detection were used – biotin-avidin system and Alexa Fluor 

dyes As detection with biotin-avidin usually yielded in better, more intensive staining, it 

was preferred whenever possible. 



- 43 - 

 

 

 

 

 

Fig 4.2.1 Living MOG cells were incubated with 2B12 (10 µg/ml) for 2 hours (L-

left picture) and 4 hours (R-right picture); fixed and internalized antibody was 

detected with anti-mouse secondary antibody conjugated to biotin (1:500) and 

avidin FITC (1:600) (green fluorescence); nuclei were stained by DAPI (blue 

fluorescence) contained in a mounting media. Magnification 630x, time of exposure 

same for all pictures, n=5  

 

4.2.1.2 Biotin-labelled 2B12 

Several fractions of biotin-labelled 2B12 in two concentrations, 5µg/ml and 

10µg/ml, were tested. 

Various time periods of incubation were tested to find the optimal one: 

5 minutes, 15 minutes – faint staining, visible but not possible to record 

on pictures (data not shown) 

30 minutes - staining visible but faint 

1 hour – staining stronger but still not enough 

2 hours – staining quite intensive 

4 hours – staining strong, the best period of incubation for biotin-labelled 2B12 

detection 

8 hours, 16 hours, 24 hours- there were no improvement in sensitivity of biotin-

labelled 2B12 detection indicating that a longer incubation has no positive effect 

on the amount of biotinylated 2B12 to be internalized (data not shown) 

The internalized biotin-labelled 2B12 was detected using avidin FITC and 

a fluorescent microscope. 

A 
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Fig 4.2.2 Living MOG cells were incubated with biotin-labelled 2B12 (5 µg/ml) 

for 30 minutes (L), 1 hour (LM – left middle picture), 2 hours (RM-right middle 

picture) and 4 hours (R); fixed and internalized antibody was detected with avidin 

FITC (1:600) (green fluorescence); nuclei were stained by DAPI (blue 

fluorescence) contained in a mounting media. Magnification 630x, time of exposure 

same for all pictures, n=6 

 

4.2.1.3 The Anti-Alzheimer Precursor Protein A4, a.a. 66-81 of APP {N-terminus}, 

clone 22C11 (N-terminal antibody) 

The N-terminal antibody is a commercial antibody which binds to another 

amino-acids sequence on AβPP than 2B12 does. 

Living MOG cells were incubated with N-terminal antibody in concentration 

2µg/ml just for selected time periods (4 hours and 30 minutes) and treated by ICC. 

 

Fig 4.2.3 Living MOG cells were 

incubated with N-terminal antibody       

(2 µg/ml) for 30 minutes (L) and 4 hours 

(R); fixed and internalized antibody was 

detected with anti-mouse secondary 

antibody conjugated to biotin (1:500) and 

avidin FITC (1:600) (green fluorescence); 

nuclei were stained by DAPI (blue 

fluorescence) contained in a mounting 

media. Magnification 630x, time 

of exposure same for all pictures, n=1 
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Fig 4.2.4 Representative image of control living 

MOG cells. Living MOG cells were incubated 

only with media without any primary antibody 

and treated by ICC under the same condition 

as tested cells; nucleus was stained by DAPI (blue 

fluorescence) contained in a mounting media. 

Magnification 630x, time of exposure the same 

for all pictures, n=12 

 

 

4.2.2 Fixed MOG cells – anti-AβPP antibodies 

Before being incubatied with living MOG cells, each fraction of antibody was 

tested with fixed MOG cells to help with suggestion of suitable concentration for living 

cells experiment. 

Labelling was detected using ICC method. 

 

4.2.2.1 2B12 

 

Fig 4.2.5 Fixed MOG cells were incubated overnight 

at 4°C with 2B12 (10 µg/ml) in blocking solution 

containing horse serum. Labelling was detected using 

with anti-mouse secondary antibody conjugated 

to biotin (1:500) and avidin FITC (1:600) (green 

fluorescence); nucleus was stained by DAPI (blue 

fluorescence) contained in a mounting media. 

Magnification 630x, n=3 

 

 

4.2.2.2 Biotin-labelled 2B12 

Fig 4.2.6 Fixed MOG cells were incubated 

overnight at 4°C with biotin-labelled 2B12 (10 

µg/ml) in blocking solution containing horse 

serum. Labelling was detected using avidin 

FITC (1:600) (green fluorescence); nucleus was 

stained by DAPI (blue fluorescence) contained 

in a mounting media. Magnification 630x, n =4 
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4.2.2.3 N-terminal antibody 

Fig 4.2.7 Fixed MOG cells were 

incubated overnight at 4°C with           

N-terminal antibody (5µg/ml) in 

blocking solution containing horse 

serum. Labelling was detected using 

anti-mouse secondary antibody 

conjugated to biotin (1:500) and avidin 

FITC (1:600) (L) / anti-mouse secondary 

antibody conjugated to Alexa 546 

(1:500) (R); nucleus was stained 

by DAPI (blue fluorescence) contained 

in a mounting media. Magnification 

630x, n=3 

 

 

Fig 4.2.8 Representative image of control fix MOG 

cells. Fix MOG cells were incubated with blocking 

solution without any primary antibody overnight  

at 4 °C and treated by ICC under the same 

condition as tested cells; nucleus was stained 

by DAPI (blue fluorescence) contained 

in a mounting media. Magnification 630x, time 

of exposure same for all tested pictures, n=10 

 

4.2.3 Fixed MOG cells – anti-Aβ antibodies 

Fixed MOG cells were incubated with anti-Aβ 40 and anti-Aβ 42 antibodies and 

subsequently treated by ICC to visualize Aβ 40 and Aβ 42 occurring inside the cells 

as they are products of AβPP cleavage by β-secretase. 

The concentration of Aβ-40 had been previously optimized but several testing 

(1:500, 1:250) were needed to optimize concentration of Aβ 42 (data not shown). 

 

Fig 4.2.9 Fixed MOG cells were incubated 

overnight at 4 °C with anti-Aβ 40 antibody 

(1:500) in block solution containing goat 

serum. The labelling was detected using anti-

rabbit secondary antibody conjugated 

to biotin (1:500) and avidin FITC (1:600). 

Magnification 630x, n = 1 
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Fig 4.2.10 Fixed MOG cells were 

incubated overnight at 4 °C 

with anti-Aβ 42 antibody (1:250) 

in block solution containing goat 

serum. The labelling was detected 

using anti-rabbit secondary 

antibody conjugated to biotin 

(1:500) and avidin FITC (1:600) 

(green fluorescence); nucleus     

was stained by DAPI (blue 

fluorescence). Magnification 630x, 

n=2 

 

Fig 4.2.11 Representative image of control fix MOG cells. 

Fix MOG cells were incubated with blocking solution 

without any primary antibody overnight  at 4 °C and 

treated by ICC under the same condition as tested cells; 

nucleus was stained by DAPI (blue fluorescence) contained 

in a mounting media. Magnification 630x, time of exposure 

same for all tested pictures, n=3 

 

Second trial dealt was composed of a pre-incubation of living MOG cells 

with 2B12, their fixing and subsequent incubation with both types of anti-Aβ 

antibodies; ICC was used for anti-Aβ 40 and anti-Aβ 42 detection. 

 

Fig 4.2.12 Living MOG cells were incubated with 2B12 (10 µg/ml) (L) - tested cells 

/ with cell media (R) - control cells, both for 48 hours; fixed and incubated 

overnight at 4 °C with anti-Aβ 40 antibody (1:500 in block solution containing goat 

serum. The labelling was detected using anti-rabbit secondary antibody 

conjugated to biotin (1:500) and avidin FITC (1:600) (green fluorescence); nuclei 

were stained by DAPI (blue fluorescence) contained in a mounting media. 

Magnification 630x, time of exposure 240 ms for both pictures, n=1 

A 
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Fig 4.2.13 Living MOG cells were incubated with 2B12 (10µg/ml) (L) – tested cells 

/ with cell media (R) – control cells, both for 48 hours; fixed and incubated 

overnight at 4 °C with anti-Aβ 42 (1:250) antibody in block solution containing 

goat serum. The labelling was detected using anti-rabbit secondary antibody 

conjugated to biotin (1:500) and avidin FITC (1:600) (green fluorescence); nuclei 

were stained by DAPI (blue fluorescence) contained in a mounting media. 

Magnification 630x, time of exposure 240 ms for both pictures, n=1 

 

Fig 4.2.14 Representative image of control living MOG 

cells. Living MOG cells were incubated only with media 

without any primary antibody; fixed and treated by ICC 

under the same condition as tested cells; nucleus was 

stained by DAPI (blue fluorescence). Magnification 630x, 

time of exposure same as for tested pictures, n= 2 

 

 

4.2.4 Fixed MOG cells - intracellular organelles markers (optimizing 

concentration) 

Anti-Calnexin (endoplasmic reticulum marker) and anti-Cadherin (plasma 

membrane marker) have never been used by the Alzheimer‘s Research group 

within Welsh School of Pharmacy before; therefore it was necessary to find their 

optimal concentration for ICC. 

A 
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4.2.4.1 Anti-Calnexin 1: 200 + Anti-Cadherin 1:50 - concentrations recommend 

for ICC by producer  

Using concentration recommended for ICC in product information leaflet, anti-

Calnexin and anti-Cadherin stained organelles as was expected but the staining was too 

intensive and there were lots of background staining. A higher dilution for both primary 

antibodies was proposed for another testing (data not shown). 

4.2.4.2 Anti-Calnexin 1:250, 1:300 and 1:400 + Anti-Cadherin 1:100, 1:150 and 

1:200 

There were several subsequent trials with different concentration of both anti-

Calnexin and anti-Cadherin (data not shown). Finally, anti-Calnexin in dilution 1:400 

and anti-Cadherin in dilution 1:200 (Fig 3.15) were destined as the most optimal 

for further use in co-localization experiments. 

 

 

 

 

Fig 4.2.15 Fixed MOG cells were incubated overnight at 4 °C with anti-Calnexin 

antibody (1:400) (L) / anti-Cadherin antibody (1:200) (R) in blocking solution with 

goat serum. The labelling was detected using anti-rabbit secondary antibody 

conjugated to biotin (1:500) and avidin FITC (1:600) (green fluorescence); nuclei 

were stained by DAPI (blue fluorescence). Magnification 630x, n=4 

A 



- 50 - 

 

4.2.5 Fixed MOG cells – co-localization of 2B12 and organelle markers 

The experiments focusing on co-localization of 2B12 and different organelle 

markers in fixed MOG cells were carried out under the same condition as described 

in Pabari 2008  

 

 

 

 

 

 

Fig 4.2.16 Representative images of labelling 

of early endosomes and 2B12 in fixed MOG cells. 

MOG cells were incubated with anti-EEA1 antibody 

(1:300) and with 2B12 (10µg/ml) overnight at 4°C 

in block solution containing goat respective horse 

serum as appropriate. Sequential ICC staining was 

carried out to visualize both labelling. 2B12 

labelling was detected using anti-mouse secondary 

antibody conjugated to biotin (1:500) and avidin 

FITC (1:600) (U-upper picture); labelling for 

organelle marker was detected using anti-rabbit 

secondary antibody conjugated to biotin (1:500) and 

avidin Texas Red (1:600) (M-middle picture). 

Images for 2B12 labelling (green fluorescence) and 

organelle marker (red fluorescence) were digitally 

merged and shown as overlay (Lo-lower picture). 

Yellow fluorescence indicates co-localization of 

2B12 and early endosomes marker. Magnification 

630x, n= 1 
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Fig 4.2.17 Representative images of trans-Golgi 

network and 2B12 labelling in fixed MOG 

cells: fixed MOG cells were incubated with 

anti-TGN46 antibody (1:400) and with 2B12 

(10µg/ml) overnight 4°C in block solution 

containing goat respective horse serum as 

appropriate. Sequential ICC staining was 

carried out to visualize both labelling. 2B12 

labelling was detected using anti-mouse 

secondary antibody conjugated to biotin (1:500) and avidin FITC (1:600) (L); 

labelling for organelle marker was detected using anti-rabbit secondary antibody 

conjugated to biotin (1:500) and avidin Texas Red (1:600) (R). Images for 2B12 

labelling (green fluorescence) and organelle marker (red fluorescence) were 

digitally merged and shown as overlay (Lo). Yellow fluorescence indicates co-

localization of 2B12 and trans-Golgi marker. Magnification 630x, n=1 

 

 

Fig 4.2.18 Representative image of control cells. 

Fixed MOG cells were incubated only with blocking 

solution without any primary antibody and treated 

by ICC under the same condition as tested cells; 

nucleus was stained by DAPI (blue fluorescence) 

contained in a mounting media. Magnification 630x, 

time of exposure same as for tested pictures, n= 8  

 

 

A 



- 52 - 

 

4.2.6 Living MOG cells – co-localization of 2B12 and organelle 

markers 

Every week, experiment dealt with incubation of living MOG cells with 2B12 

was carried out but even if the conditions were changed several times, the antibody 

labelling has never been detected sufficiently to enable co-localization experiment (data 

not shown). 

However, the organelle markers were proved to work the same way as in fixed 

MOG cells experiment. 

 

Fig 4.2.19 Representative images of trans-Golgi network (L), lysosomes (M) and 

early endosomes (R) labelling: living control MOG cells were incubated 

with media without 2B12 for 4 hours; fixed and subsequently incubated with anti-

TGN46 antibody (1:400) (L) / anti-LAMP1 antibody (1:75) (M) / anti-EEA1 

antibody (1:300) (R) overnight at 4°C in blocking solution containing goat serum. 

Organelle markers were detected using anti-rabbit secondary antibody conjugated 

to biotin (1:500) and avidin Texas Red (1:600); nucleus were stained by DAPI (blue 

fluorescence) contained in a mounting media. Magnification 630x, n=1-2 
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Fig 4.2.20 

Representative images 

of plasma membrane 

(L) and endoplasmic 

reticulum (R) labelling: 

living control MOG 

cells were incubated 

with media without 

2B12 for 4 hours; fixed 

and subsequently 

incubated with anti-

Cadherin(1:150) (L) / 

anti-Calnexin antibody (1:400) (R) overnight at 4°C 

in blocking solution containing goat serum. Organelle 

markers were detected using anti-rabbit secondary 

antibody conjugated to biotin (1:500) and avidin Texas 

Red (1:600); nucleus were stained by DAPI (blue 

fluorescence) contained in a mounting media. 

Magnification 630x, n=1-2 

 

4.2.7 Living H4 cells – time course (TC) of anti-AβPP antibodies 

uptake 

The H4 cells line underwent the same testing as MOG cells to investigate 

whether some time course of N-terminal / 2B12 antibody uptake should be described or 

not. 

The living H4 cells were incubated with both antibodies for 4 hours, 2 hours and 

30 minutes; fixed with 2% formaldehyde solution and ICC was carried out as described 

in 2.5.4 for living cells. 

 

4.2.7.1 The Anti-Alzheimer Precursor Protein A4, a.a. 66-81 of APP {N-terminus}, 

clone 22C11 (N-terminal antibody) 

Living H4 cells were incubated with N-terminal antibody in two tested 

concentrations (5µg/ml and 10µg/ml); the lower one was preferred as it provided 

accurate and intensive staining. 

Cells were incubated with antibody for three time-points; a time-dependence 

of N-terminal antibody uptake was observed. 
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Fig 4.2.21 Living H4 cells were incubated with N-

terminal antibody (5µg/ml) for 30 minutes (L), 

2 hours (R) and 4 hours (Lo); fixed and labelling 

was detected after incubation with anti-mouse 

secondary antibody conjugated to biotin (1:500) 

and avidin FITC (1:600) (green fluorescence); 

nuclei were stained by DAPI (blue fluorescence) 

contained in a mounting media. Magnification 

630x, time of exposure same for all pictures, n= 3 

 

 

4.2.7.2 2B12  

The living H4 cells were incubated with 2B12 in concentration 10 and treated 

by ICC under the same conditions as were living H4 cell incubated with N-terminal 

antibody. However, there were same problems with insufficient 2B12 labelling 

detection as were observed in living MOG cells; only 4 hours of incubation appeared 

to be long enough for internalization of 2B12 amount providing some detection. 

 

Fig 4.2.22 Living H4 cells were incubated with 2B12 

(10µg/ml) for 4 hours; fixed and labelling was 

detected after incubation with anti-mouse 

secondary antibody conjugated to biotin (1:500) 

and avidin FITC (1:600) (green fluorescence); 

nuclei were stained by DAPI (blue fluorescence) 

contained in a mounting media. Magnification 630x, 

n= 4 

 

A B 
C 

CA 
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Fig 4.2.23 Representative image of control cells. 

Living H4 cells were incubated only with media 

without any primary antibody; fixed and 

treated by ICC under the same condition as 

tested cells; nucleus was stained by DAPI (blue 

fluorescence) contained in a mounting media. 

Magnification 630x, time of exposure same as 

for tested pictures, n= 7 

 

 

4.2.8 Living H4 cells – co-localization of N-terminal antibody and 

organelle markers 

The experiment to reveal co-localization of N-terminal antibody and various 

organelle markers were carried out for three different time of incubation: 30 minutes, 

2 hours and 4 hours. Their aim was to describe time-dependence of antibody uptake 

in H4 cells (if there is some) and determine organelles most likely to be involved 

in the process of antibody internalization. 

There is not a whole time-course of incubation ( 30 minutes, 2 hours, 4 hours) 

for most of the organelles tested (except for trans-Golgi network), for each organelle 

only pre-selected time of incubation is shown, it is the one when the co-localization is 

the most probable if it occurred. 
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- 56 - 

 

 

 

 

Fig 4.2.24 Representative images of plasma 

membrane and N-terminal antibody labelling 

in living H4 cells: Living H4 cells were incubated 

with N-terminal antibody (5µg/ml) for 

30 minutes; fixed and subsequently incubated 

overnight at 4 °C with anti-Cadherin antibody 

(1:150) in blocking solution containing goat 

serum. Sequential method of labelling detection 

was carried out: anti-mouse secondary antibody 

conjugated to biotin (1:500) and avidin FITC 

(1:600) was used for N-terminal antibody 

detection (U); anti-rabbit secondary antibody 

conjugated to biotin (1:500) and avidin Texas 

Red (1:600) were used for organelle marker 

detection (M). Images for N-terminal antibody 

labelling (green fluorescence), organelle marker 

(red fluorescence) and nucleus staining by DAPI 

(blue fluorescence) were digitally merged and 

shown as overlay (Lo). There is no yellow 

fluorescence which would indicate co-localization 

of N-terminal antibody and plasma membrane 

marker; in the same way, no co-localization was 

observed while living H4 cells were incubated 

with N-terminal antibody for 4 hours or 2 hours. 

Magnification 630x, n =1 
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Fig 4.2.25 Representative images of lysosomes and N-

terminal antibody labelling in living H4 cells: Living 

H4 cells were incubated with N-terminal antibody 
(5µg/ml) for 2 hours; fixed and subsequently 

incubated overnight at 4 °C with anti-LAMP1 

antibody (1:75) in blocking solution containing goat 

serum. Sequential method of labelling detection was 

carried out: anti-mouse secondary antibody 

conjugated to biotin (1:500) and avidin FITC (1:600) 

was used for N-terminal antibody detection (U); anti-

rabbit secondary antibody conjugated to biotin 

(1:500) and avidin Texas Red (1:600) were used for 

organelle marker detection (M). Images for N-

terminal antibody labelling (green fluorescence) and 

organelle marker (red fluorescence) were digitally 

merged and shown as overlay (Lo). There is no yellow 

fluorescence which would indicate co-localization of 

N-terminal antibody and lysosomes; in the same way, 

no co-localization was observed while living H4 cells 

were incubated with N-terminal antibody for 4 hours 

or 30 minutes. Magnification 630x, n =2 
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Fig 4.2.26 Representative images of trans-Golgi 

network and N-terminal antibody labelling 

in living H4 cells: Living H4 cells were 

incubated with N-terminal antibody (5µg/ml) 

for 30 minutes; fixed and subsequently 

incubated overnight at 4 °C with anti-TGN46 

antibody (1:400) in blocking solution containing 

goat serum. Sequential method of labelling 

detection was carried out: anti-mouse 

secondary antibody conjugated to biotin (1:500) 

and avidin FITC (1:600) was used for N-

terminal antibody detection (U); anti-rabbit 

secondary antibody conjugated to biotin (1:500) 

and avidin Texas Red (1:600) were used for 

organelle marker detection (M). Images for N-

terminal antibody labelling (green fluorescence) 

and organelle marker (red fluorescence) were 

digitally merged and shown as overlay (Lo). 

There is no yellow fluorescence which would 

indicate co-localization of N-terminal antibody 

and trans-Golgi network. Magnification 630x, n 

=2 
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Fig 4.2.27 Representative images 

of trans-Golgi network and N-

terminal antibody labelling 

in living H4 cells: Living H4 cells 

were incubated with N-terminal 

antibody (5µg/ml) for 2 hours; 

fixed and subsequently incubated 

overnight at 4 °C with anti-

TGN46 antibody (1:400) 

in blocking solution containing 

goat serum. Sequential method 

of labelling detection was carried 

out: anti-mouse secondary 

antibody conjugated to biotin 

(1:500) and avidin FITC (1:600) 

was used for N-terminal antibody 

detection (U); anti-rabbit 

secondary antibody conjugated 

to biotin (1:500) and avidin 

Texas Red (1:600) were used 

for organelle marker detection 

(M). Images for N-terminal 

antibody labelling (green 

fluorescence) and organelle 

marker (red fluorescence) were 

digitally merged and shown 

as overlay (Lo). There is no 

yellow fluorescence which would 

indicate co-localization of N-

terminal antibody and trans-

Golgi network. Magnification 

630x, n=2 

 

 

 

Fig 4.2.28 Zoomed part of overlay image (Fig 3.28 

Lo) demonstrating the complete separation 

of labelling for trans-Golgi network (red 

fluorescence) and N-terminal antibody (green 

fluorescence) 

 

A B 
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Fig 4.2.29 Representative images of trans-Golgi network 

and N-terminal antibody labelling in living H4 cells: 

Living H4 cells were incubated with N-terminal antibody 
(5µg/ml) for 4 hours; fixed and subsequently incubated 

overnight at 4 °C with anti-TGN46 antibody (1:400) 

in blocking solution containing goat serum. Sequential 

method of labelling detection was carried out: anti-mouse 

secondary antibody conjugated to biotin (1:500) and 

avidin FITC (1:600) was used for N-terminal antibody 

detection (U); anti-rabbit secondary antibody conjugated 

to biotin (1:500) and avidin Texas Red (1:600) were used 

for organelle marker detection (M). Images for N-

terminal antibody labelling (green fluorescence) and 

organelle marker (red fluorescence) were digitally 

merged and shown as overlay (Lo). There is no yellow 

fluorescence which would indicate co-localization of N-

terminal antibody and trans-Golgi network. 

Magnification 630x, n =2 
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Fig 4.2.30 Representative images of endoplasmic 

reticulum and N-terminal antibody labelling 

in living H4 cells. Living H4 cells were incubated 

with N-terminal antibody (5µg/ml) for 30 minutes; 

fixed and subsequently incubated overnight at 4 °C 

with anti-CAL antibody (1:400) in blocking solution 

containing goat serum. Sequential method 

of labelling detection was carried out: anti-mouse 

secondary antibody conjugated to biotin (1:500) and 

avidin FITC (1:600) was used for N-terminal 

antibody detection (U); anti-rabbit secondary 

antibody conjugated to biotin (1:500) and avidin 

Texas Red (1:600) were used for organelle marker 

detection (M). Images for N-terminal antibody 

labelling (green fluorescence) and organelle marker 

(red fluorescence) were digitally merged and shown 

as overlay (Lo). There is no yellow fluorescence 

which would indicate co-localization of N-terminal 

antibody and endoplasmic reticulum; in the same 

way, no co-localization was observed while living H4 

cells were incubated with N-terminal antibody 

for 4 hours or 2 hours. Magnification 630x, n =1 
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Fig 4.2.31 Representative images of early 

endosomes and N-terminal antibody labelling 

in living H4 cells: living H4 cells were incubated 

with N-terminal antibody (5µg/ml) for 2 hours; 

fixed and subsequently incubated overnight 

at 4 °C with anti-EEA1 antibody (1:300) 

in blocking solution containing goat serum. 

Sequential method of labelling detection was 

carried out: anti-mouse secondary antibody 

conjugated to biotin (1:500) and avidin FITC 

(1:600) was used for N-terminal antibody 

detection (U); anti-rabbit secondary antibody 

conjugated to biotin (1:500) and avidin Texas 

Red (1:600) were used for organelle marker 

detection (M). Images for N-terminal antibody 

labelling (green fluorescence) and organelle 

marker (red fluorescence) were digitally merged 

and shown as overlay (Lo). There is yellow 

fluorescence which indicates co-localization 

of N-terminal antibody and early endosomes; 

in the same way, no co-localization was observed 

while living H4 cells were incubated with N-

terminal antibody for 4 hours or 30 minutes. 

Magnification 630x, n = 2 

 

 

 

 

 

Fig 4.2.32 Zoomed part of overlay image (Fig 3.31 

Lo).The yellow fluorescence for co-localization of early 

endosomes (red fluorescence) and N-terminal antibody 

(green fluorescence) is accompanied by separated green 

and red fluorescence indicating only a partial co-

localization of early endosomes and N-terminal antibody. 

 

B C 
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4.2.9 The preparation of concentrated pure and biotin-labelled 2B12 

antibody 

The preparation of concentrated 2B12 and biotin-labelled 2B12 antibody was 

composed of several steps as described in 2.7. 

 

Table 4.2.1 List of concentrated 2B12 and biotin-labelled 2B12 +the method 

of quantification 

Antibody ELISA 

Biotin-labelled 2B12 I. 0.9 µg/ml 

Biotin-labelled 2B12 II. 0.8 µg/ml 

2B12 (concentrated, 

dialysed) II. 

0.878 µg/ml 

 

 

4.2.10 Western Blotting 

The Western blotting was performed as an efficient method for testing 

the organelle markers concerning their binding to proteins of expected size. 

WB was carried out as described in 2.2.9 

 

Table 4.2.2 The optimization of antibody concentration and WB condition 

 Primary antibody Secondary antibody 

WB – MOG 2µg/ml  CAL 1: 500, CAD 1: 300 Anti-rabbit IgG conjugated 

to HRP 1:20000 

WB – MOG 1µg/ml CAL 1:1500, CAD 1:1000 Anti-rabbit IgG conjugated 

to HRP 1:20000 

WB – MOG 1µg/ml CAL 1: 5000, CAD 1: 3000 Anti-rabbit IgG conjugated 

to HRP 1:30000 
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Fig 4.2.34 Representative examples of western blots showing the size of anti-

Calnexin (132 kDa) and anti-Cadherin (83.5 kDa) antibody:  10 µg of MOG cell 

lysate were separated on 10% SDS-PAGE gel, transferred 

to nitrocellulose membrane and exposed to anti-Calnexin 

antibody (1:5000) and anti-Cadherin antibody (1:3000). 

Bands were detected using anti-rabbit IgG conjugated 

to HRP (1:30000) and ECL. The arrows show 

the detected bands and their size. WB was repeated 

to give a number of 3. 

                                                                         83.5 kDa 

 

132 kDa 
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5. Discussion 

5.1 Living MOG and H4 cells – time course (TC) of anti-AβPP 

antibodies uptake 

The main aim of the project was to describe mode and time-dependence of 2B12 

uptake to living cells; the existence of 2B12 cellular internalization has been previously 

confirmed (Ho 2007). Two different cell lines were tested regarding 2B12- AβPP 

complex formation and it subsequent internalization. The astrocytoma MOG-G-UVW 

(MOG) cells constitutively express native AβPP whereas the human-CNS derived 

neuroglioma (H4) cells are transfected cells expressing wild type of AβPP in addition 

to native AβPP. Both types of cells were incubated as living cells with different anti-

AβPP antibodies for several time-points as shown in 4.2.1 and 4.2.7.  

 

5.1.1 2B12 

A very faint staining indicating 2B12 labelling which was observed after 15 and 

30 minutes, 1 hour but also after 8 hours, 16 hours and 24 hours supports the theory 

about the mode of 2B12 internalization as described in Thomas et al. 2006: 2B12 binds 

to AβPP extracellularly and the whole complex is internalized into the cells. Periods 

of incubation shorter than 1 hour did not provide enough time for internalization 

of sufficient amount which would provide reliable 2B12 detection. On the other hand, 

there were no improvements in the extent of 2B12 labelling while incubated with living 

MOG cell for longer than 4 hour; it can be expected that after 4 hours of incubation 

a maximum amount of antibody has been already internalized. Moreover, longer 

incubation even tends to worsen antibody detection as a degradation and antibody efflux 

made the labelling less punctuate. 

 While incubated with both MOG and H4 cells, the 2B12 labelling was hard 

to detect. After 4 hours and 2 hours of incubation, the uptake of antibody was visible 

but staining usually was not strong enough to take pictures which would shown a really 

significant difference between tested and control cells (Fig 4.2.1, 4.2.22). 
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5.1.2 Biotin-labelled 2B12 

The first tested fraction of biotin-labelled 2B12 provided an easy detectable, 

punctuate 2B12 labelling when incubated with MOG cells (Fig 4.2.2). As a long-term 

storage biotin-labelled antibody is not possible, two other fractions of biotin-labelled 

antibody were prepared as described in 4.1.7. Unfortunately, the uptake of these new 

antibody fractions appeared to be impossible to visualize; the intensity of the labelling 

was really weak and even doubling of the antibody concentration made no difference 

(from 5 µg/ml to 10 µg/ml) (data not shown). 

 

5.1.3 N-terminal antibody 

Using for the incubation with both cell lines, N-terminal antibody has usually 

shown more intensive and accurate, punctuate staining than 2B12 even if use in lower 

concentration. This suggests that N-terminal antibody has a higher affinity to AβPP than 

2B12 does; however, there has been no testing carried out yet to confirm this 

explanation. Since the mode of binding is the same for both antibodies, the results 

obtained with N-terminal antibody can be adopted to 2B12; both N-terminal antibody 

and 2B12 bind to AβPP extracellularly, form a complex with AβPP which is afterwards 

internalized into the cells. Whereas 2B12 binds to AβPP in the vicinity of β-secretase 

cleavage site (Thomas et al. 2006) and has a definite therapeutic potential, N-terminal 

antibody binds to the other end of AβPP (N-end, amino-acid sequence 66-81) and is 

intended only for research (Hilbich et al 1993) (Fig.5.1). 

The difference in the intensity of staining for 2B12 and N-terminal in the living 

cells experiment was more obvious while H4 cell line was used. This is most likely to 

be caused by inability of 2B12 to bind to transfected proteins produced by H4 cells; 

a low intensity of 2B12 labelling in both cell lines supports this explanation as well as 

a distinctive intensity difference of N-terminal antibody labelling in MOG and H4 cells 

since N-terminal antibody is expected to recognize both native AβPP and transfected 

proteins. 

Using Western blotting, transfected proteins have been proved to be significantly 

smaller than AβPP (data not shown).As 2B12 is an antibody very sensitive to even 

minor changes of AβPP size and conformation, it can be expected that 2B12 is not 

capable of recognizing transfected proteins.  
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In H4 cells, N-terminal antibody labelling was the most significant after 2 hours 

of incubation (Fig 4.2.21), whereas labelling provided by 2B12 was only detectable 

after 4 hours of incubation (Fig 4.2.22); the amount of internalized antibody needed 

for a reliable detection has been reached earlier by N-terminal antibody than by 2B12. 

 

Fig 5.1 Schematic illustration of AβPP binding sites for N-terminal antibody and 

2B12. N-terminal antibody binds to AβPP as it recognizes 66-81 amino-acid 

sequence at the N-terminus (red colour); 2B12 binds to the vicinity of β-secretase 

cleavage site (green colour) which occurs in about 671 amino-acids sequence 

of AβPP. 

 

 

 

 

              N-terminal antibody     2B12 

 

5.2 Fixed MOG cells – anti-Aβ antibodies 

The amyloid plaques are one of the main causes of brain damage when AD 

developed. These deposits contain abundant amyloid fibrils mixed together with non-

fibrillar forms of Aβ protein. There are two type of Aβ protein – 40 amino-acid-residue 

form of the peptide (Aβ 40) and 42 amino-acid-residue form (Aβ 42); both forms are 

products of AβPP cleavage mediated by β-secretase. Normally, Aβ 42 is produced 

by cells in much lower concentration than Aβ 40 which represents nearly 90% of total 

secreted Aβ (Selkoe 1999).There have been experiments suggested different pathway 

of each Aβ form production that could contribute to explanation of this phenomenon 

(Koo et al 1996). 

Anti-Human Beta-Amyloid 1-40 antiserum (anti-Aβ 40) and Anti-Human Beta-

Amyloid 1-42 (anti-Aβ 42) are primary antibodies raised against Aβ 40 respective Aβ 

42 amino-acid sequence and were used for Aβ 40 and Aβ 42 visualization when 

incubated with MOG cells and treated by ICC.  

Using an ELISA, 2B12 has been confirmed to be capable of inhibiting Aβ 40 

production in MOG and SY5Y cell lines (Thomas et al 2006) but the efficacy of 2B12 

N 66-81  β 

671 
                C 
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in reducing Aβ 42 levels has not been tested yet. That‘s why an experiment including 

pre-incubation of living MOG cells with 2B12 and subsequent incubation with anti-Aβ 

antibodies was carried out to find out whether ICC method would be sensitive enough 

to shown expected reduction of Aβ levels (Fig 4.2.9 – 4.2.14).  

There were some differences in the intensity of staining between tested and 

control cells visible under fluorescent microscope and even on the pictures taken. 

Since this experiment was performed only once, it would be necessary to repeat it and 

further optimize testing conditions to make it reliable for evaluation of 2B12 properties. 

Nevertheless as not only the Aβ 40 level but also Aβ 42 level appeared to be reduced, it 

is definitely important discovery because the impact of 2B12 on Aβ 42 level has not 

been proofed yet but has always been expected (Thomas et al 2006). This method 

of detection is incapable of quantification of the Aβ levels reduction which is 

a significant limitation but could be used for qualitative pre-testing. 

 

5.3 Fixed MOG cells - intracellular organelles markers (optimizing 

concentration) 

Anti-Calnexin antibody (endoplasmic reticulum marker) and anti-Cadherin 

antibody (plasma membrane marker) had never been used by the Alzheimer‘s Research 

group within Welsh School of Pharmacy before; it was therefore necessary to find their 

optimal concentration for ICC. Only if the markers are used in the right concentration, it 

is possible to get rid of the background staining and observe the organelles clearly and 

properly. Several testing were performed as described in 4.2.4 to find and then confirm 

the optimal concentration of each organelle marker. 

The choice of organelle markers were made with respect to investigation 

whether both secretory and endocytic pathway are involved in AβPP internalization 

(Koo et al 1996) or only endocytic pathway is responsible for AβPP trafficking and 

subsequent Aβ production (Pasternak et al 2004). There have been several organelle 

markers previously used for co-localization with 2B12 while incubated with fixed MOG 

cells (Pabari 2008). They included markers for early endosomes (EEA1), late 

endosomes (CI-M6PR) and lysosomes (LAMP1) as these are the main organelles 

of endocytic pathway (Nixon et al 2001); markers for trans-Golgi network (TGN46) and 

endoplasmic reticulum (BCL-2) as secretory pathway organelles (Koo et al 1996).  
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The ER marker, anti-Calnexin antibody was tested as the previously used ER 

marker, BCL-2, did not provide accurate organelle staining and there have been some 

evidences promoted this type of ER marker as better one; anti-Cadherin antibody was 

the first organelle marker for plasma membrane to be ever tested with the intension 

either to serve as a negative control in co-localization experiments, and to facilitate 

antibody detection within the cells as the border of cells would be more clearly visible. 

Calnexin is an integral protein of ER in eukaryotic cells that interacts with 

nascent and newly synthesized glycoproteins and serves as molecular chaperone during 

folding and quality control (Kleizen and Braakman 2004). Cadherins are members 

of a multigene receptors family in a plasma membrane and play an important role 

in calcium dependent cell-cell adhesion, cells growth and development (Geiger et al 

1990). 

 

5.4 Fixed MOG cells – co-localization of 2B12 and organelle markers 

Even if the organelle markers were kept in aliquots at -20 °C to prevent 

degradation, it was necessary to check whether the provided staining was accurate and 

reliable before used for living cells co-localization experiments. At the same time, 

the reproducibility of method used by Pabari (2008) could be confirmed. 

The early endosomes marker and trans-Golgi network marker were chosen 

for fix MOG cells testing because early endosomes appeared to be an organelle most 

likely involved in a process of AβPP internalization whereas there was no co-

localization of 2B12 and trans-Golgi network seen when tested by Pabari (2008). 

There is a partial co-localization of 2B12 and EEA1 visible on pictures taken 

(Fig 4.2.16) which correspond to the results obtained by Pabari. As there are several 

more or less probable explanations of this phenomenon (Pabari 2008), incubation 

with living cells was carried out to clarify these observations. 

No co-localization was seen in fixed MOG cells where incubated with 2B12 and 

trans-Golgi network marker (Fig 4.2.17) as had been expected (Pabari 2008). There 

have been some experiments suggested that AβPP could come through this organelle 

and could be therefore detected inside (Koo et al 1996) but according to the testing, 
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trans-Golgi network marker has been considered to one of the negative control for co-

localization experiments with living cells. 

 

5.5 Living MOG cells – co-localization of 2B12 and organelle markers 

From a very beginning, there have been problems with a reliable detection 

of 2B12 internalized when incubated with living MOG cells. As MOG cells express 

only native AβPP, the amount of protein is quite low and together with a lower affinity 

of 2B12 to AβPP, it has been difficult to get internalized sufficient amount of antibody 

for detection based upon fluorescent microscopy. 

Since the organelle markers worked properly (Fig 4.2.19 – 4.2.20), the lack 

of 2B12 detection has been the most important limitation on the co-localization 

experiments. 

However, there have been several changes in testing conditions with intention 

to improve 2B12 labelling and detection: 

  Preparation of cell culture cluster wells 

The cells were introduced into the wells and left to settle down, usually for 24 

hours; this should provide time enough for proper setting. The period of 48 hours was 

tested for cells setting to check whether it would help for further testing, but it did not 

seem to have any impact on amount of internalized antibody. 

  Process of antibody loading 

During most of the experiments, the antibody has been introduced into cell wells 

in 400-500 ml of new media replacing the original one. Another approach (when 

appropriate amount of antibody was directly added into wells and left to be spread out 

in media) was tested but again without any distinctive effect. 

  Methods of labelling detection 

There have been two main groups of fluorescent stains tested. The biotin-avidin 

system has always provided good and stable staining indicating optimal concentration 

of both components and a reliable method of staining. The Alexa dyes have been used 

by Alzheimer‘s Research group within Welsh School of Pharmacy in the past 

with comparable results as biotin-avidin staining. This time, Alexa Fluor 546 dyes 
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appeared to be very unstable and provided less accurate and less intensive staining. 

Whenever it was possible, the avidin-biotin system of staining has been preferred. 

As a result, more complicated and time-consuming sequential labelling must have been 

used for co-localization experiments. 

Unfortunately, none of performed changes have led to significantly better 2B12 

labelling and detection. On the other hand, an optimized method of sequential labelling 

has been successfully used for co-localization experiments with H4 cells. It will be 

necessary to improve 2B12 detection when internalized to MOG cells prior the start 

of co-localization experiments in the future. 

 

5.6 Living H4 cells - co-localization of N-terminal antibody and 

organelle markers 

The labelling of N-terminal antibody was better detectable when incubated with 

living H4 cells (Fig 4.2.21). As binding properties are the same for N-terminal antibody 

and 2B12, the results obtained with N-terminal antibody can be adopted to 2B12 

experiments. 

The co-localization experiment with H4 cells took advantage of optimized 

testing conditions as these were achieved during living MOG cells experiments. Only 

the method of sequential labelling was used for ICC as it has been confirmed to provide 

a better detectable staining with a higher level of reliability. 

The co-localization was investigated by creating overlays where imagines of    

N-terminal antibody labelling (green fluorescence), organelle markers (red 

fluorescence) and eventually nucleus staining (blue fluorescence) were merged and co-

localization was exhibited by occurring of yellow pixels (Landmann 2004).This method 

is quite quick and accurate but nevertheless, there are several limitations possibly 

leading to false positive or false negative conclusions. To ensure the correctness of co-

localization observed on overlays, it was necessary to adjust time of exposure 

for individual fluorescent stain to get the same signal intensity; if there was one signal 

stronger than the other one, it could result in a lack of yellow fluorescence imitation and 

hence no co-localization observation. Also the fact that overlays are only two-

dimensional can contribute to uncertainty whether the co-localization really occurred or 

not.  
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The above-mentioned limitations can be easily overcome using confocal 

microscope which enables to get more similarities in the intensity of fluorescence and 

also examine tested cells samples in three-dimensional pictures. Due to time constraint, 

confocal microscope was not used to confirm or disprove an observed co-localization. 

 

The aim of the testing was to determine intracellular organelles involved 

in a process of AβPP internalization while tested with living cells; the choice 

of organelle markers was subjected to this purpose as described in 5.3. 

 

No co-localization of N-terminal antibody and plasma membrane (Fig 4.2.24), 

lysosomes (Fig 4.2.25), trans-Golgi network (Fig 4.2.26-4.2.29) and endoplasmic 

reticulum (Fig 4.2.32) was observed as indicated by the lack of yellow fluorescence. 

Total time independence of results obtained by organelle markers is demonstrated 

by showing a whole time course of N-terminal antibody uptake and its co-localization 

with trans-Golgi network (Fig 4.2.26-4.2.29). Only the best pictures of other markers 

(with regards to the length of incubation) are included as representative samples. 

 

Anti-Cadherin antibody appeared to be a really good marker for visualization 

of plasma membrane in both cell lines. The lack of co-localization has been expected 

and confirmed the convenience of using plasma membrane marker as a negative control 

for co-localization experiment. Anti-Cadherin antibody marked the cell boundaries and 

since the N-terminal antibody labelling was observed within these boundaries, 

this experiment can be considered as another proof of antibody internalization to living 

cells. 

 

The lack of co-localization was not so convincing in terms of lysosomes, 

especially in contrast to trans-Golgi network and plasma membrane; similar 

observations were made during co-localization experiments with fixed cells (Pabari 

2008). There can be several explanation of this phenomenon: 

 First of all, the anti-LAMP1 antibody did not stain organelle completely 

clearly which could lead to either false positive or false negative images 
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of co-localization. A further optimization of organelle marker concentration 

when using with H4 cell line will be needed. 

 The uptake of antibody was observed when incubated with living cells; not 

only is the uptake highly dynamic process but moreover, there is process 

of cell organelle maturation which needs to be considered. As there were 

usually tested cells in various stages of living cycle, the co-localization could 

be seen in some of them whereas the others exhibited no co-localization 

at all. 

 If antibody was stored in early endosomes after internalization, they could 

together undergo early endosomes - late endosomes - lysosomes maturation 

and hence some co-localization of N-terminal antibody and lysosomes could 

be detected. This is more likely to occur after longer than 4 hours period 

of incubation but there would be problematic to detect the internalized 

antibody with a sufficient intensity. 

 

The trans-Golgi network (TGN) appeared to be almost ideal organelle 

for negative control during co-localization experiments as anti-TGN46 antibody turn 

out to be accurate and reliable TGN marker for both fixed and living cells in both tested 

cell lines. There is no co-localization observed, no matter how long was the incubation 

of living H4 cells and N-terminal antibody carried out (Fig 4.2.26-4.2.29).The clear 

separation of green and red fluorescence further highlights convenience for using TGN 

as a negative control organelle and at the same time it also confirm correctness and 

reliability of sequential method of ICC staining. 

 

The endoplasmic reticulum appeared to be a organelle difficult for visualization. 

Even the new tested marked, anti-Calnexin antibody, did not provide reliable ER 

staining; the correctness of co-localization detection could be therefore devaluated. 

The lack of co-localization was observed as expected, but images were not as 

convincing as those with trans-Golgi network. A further optimization of testing 

condition for ER markers will be needed if correct results are to be obtained. 
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Early endosomes were the only tested organelle where yellow fluorescence 

indicated the co-localization with N-terminal antibody (Fig 4.2.31-4.2.32). It is clearly 

visible that the co-localization is incomplete as green and red fluorescence can be 

observed in addition to a yellow one. Anyway, early endosomes are organelles where 

internalized antibody- AβPP complex is most likely to occur. 

 

All results obtained with living cells co-localization experiments promote 

the involvement of endocytic pathway in process of AβPP internalization and 

subsequent processing (Pasternak et al 2004). As there were experiments that confirmed 

persistence of BACE- AβPP complex in early endosomes (Kinoshita et al 2003), 

the discovery of antibody-AβPP complex presence in early endosomes is very 

important; it suggests that anti- AβPP antibodies remain bounded to AβPP in all critical 

stages of internalization where the BACE-AβPP could occur and therefore are capable 

of efficient prevention of AβPP cleavage and Aβ production. 

 

The lack of co-localization in TGN and ER was expected according to 

the endocytic pathway theory suggesting insignificance of these organelles in Aβ 

production due to lack of necessary enzymes (Pasternak et al 2004). But another study 

(Koo et al 1996) considered TGN and ER to important organelles especially for Aβ-42 

production via a secretory pathway. However, all experiments that have been so far 

performed with anti-AβPP antibodies in terms of AβPP internalization and intracellular 

localization (Thomas et al 2006, Ho 2007, Pabari 2008) support the importance 

of endocytic pathway for AβPP processing. 

 

5.7 The preparation of biotin-labelled antibody 

As mentioned above, the first tested fraction of biotin-labelled antibody provided 

distinctively better labelling than pure 2B12 but newly prepared fractions lacked 

this detection improvement (5.1.2) 

There can be several explanations of this phenomenon: 

 Storage difficulties – biotin-labelled antibody can be stored only in the fridge 

for a limited period of time and is more likely to get a bacterial infection     
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(it happened once); freezing can cause a serious structure damage and a loss 

of properties. 

 Biotin-labelling procedure – the instability of biotin-labelled antibody is 

likely to exhibit also during incubation with living cells; there have always 

been lots of background staining suggesting degradation of biotin-antibody 

complex and hence leading to cut-down of antibody detection (data not 

shown). 

 Molecule size enlargement - the process of biotin-labelling for better 

detection is widely used for antibodies as it should not alter their biological 

activity (piercenet 2008). But in this case it is possible that even such a small 

change in a molecular size of antibody could have a bigger impact 

of the properties than was expected. This theory is supported 

by the existence of high sensitivity of 2B12 to specific proteins 

conformations. 

 

Only living MOG cells were tested in terms of biotin-labelled 2B12 uptake. 

The experiments with living H4 cells started later, so there were no biotin-labelled 2B12 

available and due to time constraint, a possible preparation of new fraction was 

regarded to pointless. Anyway, further optimizations of biotin-labelled antibody 

preparations are likely to improve antibody stability and enable to prosper from all 

useful properties of biotin-labelled antibody. 

 

5.8 Western Blotting 

The Western Blotting was performed on MOG lysate which is a mixture 

of various proteins with a huge range of molecular size and hence suitable for antibody 

testing in terms of binding properties. 

As WB is more sensitive method than ICC, it was necessary to drop 

the concentration of tested antibodies. Both anti-Calnexin and anti-Cadherin antibodies 

performed unexpectedly well during WB so it took several experiments to find optimal 

concentration characterized by clear, easy-measurable bands with no disturbing 

background staining (Fig 4.2.34). 
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The anti-Calnexin antibody detected a main band with average size 132.2 kDa 

and than several smaller, less intensive bands within the range of 110-70 kDa. The size 

of main band has corresponded to the size stated in a product information leaflet, 

about 135 kDa. There were no information available regarding the smaller detected 

bands; they are likely to occur as results of incipient protein degradation. 

The anti-Cadherin antibody picked one main band with average size 85kDa. 

It should have detected a little bigger band, about 90kDa, as stated in product 

information leaflet. The disharmony could be caused by several factors, e.g. different 

post-translation modification, alternative gene splitting, change in amino acid 

composition (Abcam 2008). 

 

5.9 Conclusion 

One of the aims of the work was to confirm that 2B12 is internalized into living 

cells and describe the time-dependence of this internalization if there is some. Using 

ICC for 2B12 labelling and fluorescent microscopy for visualization, 2B12 uptake was 

observed while incubated with living cell from both tested cell lines. The uptake was 

evaluated as a time-dependent – up to 4 hours of incubation, the amount of 2B12 

internalized was growing, while incubation longer than 4 hours did not further increase 

the amount of antibody internalized. Unfortunately, the 2B12 labelling and detection 

was not as sufficient as it should have been. The tested condition will need to be further 

optimized to increase the amount of internalized 2B12 and to improve the intensity 

of labelling before the definite time course of 2B12 uptake could be established. There 

are several ways that could lead to a needed improvement – e.g. the use of biotin-

labelled antibody with a higher stability and better ICC properties or using a different 

type of cell with higher AβPP production. 

The second aim of the work was to determine organelles most likely to be 

involved in the process of AβPP-antibody complex internalization and subsequent 

processing. At first, it has been necessary to optimize the method of sequential ICC 

labelling and to confirm its reliability and ability to yield a correct and precise labelling. 

At second, the choice of OM must have been done and the properties of chosen OM 

tested while incubated with fixed cells. Both preliminary testing has been successfully 

done.  
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Even if the co-localization experiments were performed several times, they were 

not convincing enough to determine organelle definitely involved in the process of anti- 

AβPP antibody internalization. Nevertheless, early endosomes can be destined as 

the most likely compartment, lysosomes as a quite probable compartment, whereas 

trans-Golgi network, plasma membrane and endoplasmic reticulum as non-involved 

compartments. These results are all similar to those obtained with fixed cells (Pabari 

2008) and point out to the importance of endocytic pathway in AβPP processing. 

However, there were several limitations in both OM and anti- AβPP antibodies 

detection; these will need to be overcome if the really involved organelle are about to be 

absolutely determine. 

To conclude, although the ultimate aim has not been achieved completely, 

the data obtained will help to suggest the direction of further research and the methods 

developed and verified during these experiments will make sure that the results obtained 

in the future will be correct and reliable. 
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 Appendix 

 

7.1 List of abbreviations 

 

2B12 – a specific antibody clone named 2B12-D2-F5 

AD – Alzheimer´s disease 

Anti-Aβ 40 - Rabit Anti-Human Beta-Amyloid 1-40 antiserum 

Anti-Aβ 42 - Rabbit Anti-Human Beta-Amyloid 1-42 antiserum 

APH1 - anterior pharynx 

apoE4 - alipoprotein E4 allele 

avidin FITC - avidin conjugated to fluorescein isothiocyanate 

Aβ - amyloid-beta 

AβPP - amyloid-beta precursor protein 

BACE - β-site AβPP cleaving enzyme 

BBB - blood brain barrier 

BCA - bicinchoninic acid 

BSA - bovine serum albumin 

CAD - anti-Cadherin antibody 

CAL – anti-Calnexin antibody 

CI-M6PR - cation-independent mannose-6-phosphate receptor 

DAPI - 4', 6-diamidino-2-phenylindole 

EDTA – ethylenediaminetetraacetic acid 

EEA1 - early endosomal antigen 1 

ELISA – Enzyme-Linked ImmunoSorbent Assay 

ER – endoplasmic reticulum 

FACS - fluorescence-activated cell sorting 
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FBS - Foetal Bovine Serum 

Fc – Fragment crystallizable 

GA – Golgi apparatus 

H4 - Human-CNS derived neuroglioma cell line 

HRP – horse radish peroxidase 

ICC – immunocytochemistry 

IgG – immunoglobulin G 

LAMP1 - lysosomal-associated membrane protein 1 

L – left picture 

LM – left middle picture 

Lo – lower picture 

M – middle picture 

MAP - multiple antigenic peptides 

MMSE - Mini Mental State Exam 

MOG - astrocytoma MOG-G-UVW human cell line 

NFTs - neurofibrillary tangles 

NICE - National Institute for Health and Clinical Excellence 

NMDA - N-methyl-D-aspartate 

N-terminal antibody - Anti-Alzheimer Precursor Protein A4, a.a. 66-81 of APP {N-

terminus}, clone 22C11 

NTS - neuronal transmitter systems 

OPD – o-phenylendiamine dihydrochloride 

PBS – phosphate buffer saline 

PBST – phosphate buffer saline with Tween 20 

PDAPP - platelet-derived growth factor promoter expressing AβPP 

PEN2 - presenilin enhancer 

PVDF - polyvinylidene difluoride 
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R – right picture 

RM – right middle picture 

RT – room temperature 

SDS – PAGE - Sodium Dodecyl Sulphate - PolyAcrylamide Gel Electrophoresis 

SY5Y - neuroblastoma SH-SY5Y human cell line 

TBST – tris buffer saline with Tween 20 

TC – time course 

TGN46 - trans-Golgi network protein 46 

U – upper picture 

WB – Western blotting 

WR – working reagent 
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7.2 Composition of solutions 

 

 Immunocytochemistry 

 

0.1 PBS (pH 7.4) 

 

NaCl  FW 58.44 

Na2HPO4 0.0964 M 

NaH2PO4 0.0215 M 

H2O distil.  

 

 

 ELISA 

 

Coating – Carbonate/bicarbonate - buffer (pH 9.6) 

 

Na2CO3  15mM   

NaHCO3  35mM   

H2O distil.   

 

   

PBS – 10x stock solution (pH 7.2) 

 

NaCl  137mM  

KCl  2.5mM   

Na2HPO4  8mM   

KH2PO4   1.5mM  

H2O distil. 

 

 

Washing buffer 

 

PBS  1X 

Tween 20 0.05% 

H2O distil.   

 

Enzyme substrate  

 

20 mg o-phenylendiamine dihydrochloride (OPD) in 50 ml 0.1M citrate-phosphate 

buffer (pH 5) and 20 µl 30% H2O2 

0.1M citric acid  19.2 g/l citric acid  

0.2 phosphate    28.4g/l Na2HPO4  

H2O distil.  
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 The lysis of cells  

 

Lysis buffer Part 1 (ph 7.5) 

 

Tris     50mM   

EGTA disodium salt  5mM   

NaCl    150mM  

Triton     1%   

H2O distil.      

 

 

Lysis buffer Part 2 

   Stock   Final  

NaVO4   100mM 0.4mM 

NaF   2.5M  50mM 

PMSF   100mM 1mM 

Phernylarsine oxide 20mM  20µM 

Sodium molybdate 1M  10mM 

Leupeptin  5mg/ml 10µg/ml 

Aprotinin  2mg/ml 10µg/ml 

 

 

 Western Blotting 

 

Sample buffer  2X  3X  5X 

Tris base   0.76g  1.14g  1.51g 

SDS    4g  6g  8g 

Glycerol   10ml  15ml  20ml 

β-Mercapoethanol  5ml  7.5ml  10ml 

Bromophenol blue  1ml (1mg/ml) 1.5ml  2ml 

H2O distil.   to 50ml to 50ml to50ml 

 

 

Separating gel 

 

% gel  7.5%    10%     

H2O  6.1ml    5.27ml     

Acrylamide 2.5ml    3.33ml     

Tris.HCl 1.25ml    1.25ml     

SDS  100µl    100µl   

APS  50µl    50µl      

TEMED 5µl    5µl  

 

Stacking gel  5% 

H2O distil.  5.77ml 

Acrylamide  1.67ml 

Tris.HCl/SDS  2.5ml 

APS   50µl 

TEMED  8µl 
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Acrylamide: 30% acrylamide monomer/0.8% Bis-acrylamide  

Tris:  3M Tris.HCl, pH 8.8 

SDS:  10% w/v SDS 

SDS/Tris: 0.4% w/v SDS/0.5M Tris.HCl pH6.8 

APS:  10% w/v APS 

 

 

10X Tank or running buffer (pH to 8.3) 

 

     Stock  Final   

Tris base    250mM 25mM   

Glycine    1.9M  190mM  

SDS     0.5%  0.05%   

H2O distil.         

 

 

10X TBS (pH to 7.5)  

 

Stock  Final   

Tris base  200mM 20mM   

NaCl   1.5M  0.15M   

H2O distil.       

 

 

1X TBST 

 

TBS   1X    

Tween 20  0.1%    

H2O distil.      

 

 

BLOTTO 

 

TBS   1X    

Non-fat dry milk 5%    

Tween 20  0.1%    

H2O distil          
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7.3 List of antibodies and dyes used for ICC 

 

 

Antibody/Dye Tested 

concentration 

Fix cells 

Tested 

concentration 

Live cells 

Optimal 

concentration 

2B12 10 µg/ml  10 µg/ml 10 µg/ml (both) 

Biotin 2B12 10 µg/ml 5 µg/ml and 10 

µg/ml 

10 µg/ml (both) 

N-terminal 

antibody 

5 µg/ml 5 µg/ml and 2 µg/ml 

(MOG) 

10 µg/ml and 5µg/ml 

(H4) 

5 µg/ml (fix) 

2 µg/ml (live MOG) 

 5 µg/ml (live H4) 

Anti-Aβ 40 1:500 1:500 1:500 

Anti-Aβ 42 1:500, 1:250 1:250 1:250 

CAL 1:200, 1:300, 1:400  1:400 

CAD 1:50,1:100, 

1:150,1:200 

 1:200 (MOG) 

1:150 (H4) 

EEA1 1:300 1:300 1:300 

CI-M6PR 1:40 1:40 1:40 

LAMP 1 1:75 1:75 1:75 

TGN46 1:400 1:400 1:400 

IgG 

conjugated to 

biotin 

1:500 1:500 1:500 

New Alexa 

546 

1:500, 1:1000 1:500 1:500 

Avidin FITC 1:400, 1:600 1:600 1:600 

Avidin Texas 

Red 

1:600 1:600 1:600 

DAPI 1:1 1:1, 1:4 1:1 (fix), 1:4 (live) 
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7.4 List of figures 

 

Fig 3.1 The cleavage of AβPP in the non-amyloidogenic and amyloidogenic pathway 

Fig 3.2 The presumed mode of 2B12 action 

Fig 3.3 Theoretical pathway demonstrating the entry of 2B12 into the cell by binding to 

AβPP at the cell surface 

Fig 4.2.1 Living MOG cells + 2B12 (10 µg/ml) - 2 hours (L), 4 hours (R) 

Fig 4.2.2 Living MOG cells + biotin-labelled antibody (5 µg/ml) - 30 minutes (L), 

1 hour (LM), 2 hours (RM), 4 hours (R) 

Fig 4.2.3 Living MOG cells + N-terminal antibody (2 µg/ml) - 30 minutes (L), 4 hours 

(R) 

Fig 4.2.4 Representative image of control living MOG cells 

Fig 4.2.5 Fixed MOG cells + 2B12 (10 µg/ml) - overnight 

Fig 4.2.6 Fixed MOG cells + biotin-labelled 2B12 (10 µg/ml) - overnight 

Fig 4.2.7 Fixed MOG + N-terminal antibody (5 µg/ml), labelling - anti-mouse 

secondary antibody conjugated to biotin (1:500) and avidin FITC (1:600) (L) / anti-

mouse secondary antibody conjugated to Alexa 546 (1:500) (R) - overnight 

Fig 4.2.8 Representative image of control fixed MOG cells 

Fig 4.2.9 Fixed MOG cells + anti-Aβ 40 antibody (1:500) - overnight 

Fig 4.2.10 Fixed MOG cells + anti-Aβ 42 antibody (1:250) - overnight 

Fig 4.2.11 Representative image of control fixed MOG cells 

Fig 4.2.12 Living MOG cells + 2B12 (10 µg/ml) (L) - tested cells / with cell media (R) - 

control cells + anti-Aβ 40 antibody (1:500) - 48 hours 

Fig 4.2.13 Living MOG cells+ 2B12 (10 µg/ml) (L) - tested cells / with cell media (R) - 

control cells + anti-Aβ 42 antibody (1:250) - 48 hours 

Fig 4.2.14 Representative image of control living MOG cells 
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Fig 4.2.15 Fixed MOG cells + anti-Calnexin antibody (1:400) (L) / anti-Cadherin 

antibody (1:200) (R) – overnight 

Fig 4.2.16 Fixed MOG cells + anti-EEA1 antibody (1:300) + 2B12 (10µg/ml) – co-

localization 

Fig 4.2.17 Fixed MOG cells + anti-TGN46 antibody (1:400) + 2B12 (10µg/ml) – co-

localization 

Fig 4.2.18 Representative image of control fixed MOG cells  

Fig 4.2.19 Living MOG cells + anti-TGN46 antibody (1:400) (L) / anti-LAMP1 

antibody (1:75) (M) / anti-EEA1 antibody (1:300) (R) 

Fig 4.2.20 Living MOG cells + anti-Cadherin (1:150) (L) / anti-Calnexin antibody 

(1:400) (R) 

Fig 4.2.21 Living H4 cells + N-terminal antibody (5µg/ml) - 30 minutes (L), 2 hours 

(R), 4 hours (Lo) 

Fig 4.2.22 Living H4 cells + 2B12 (10µg/ml) - 4 hours 

Fig 4.2.23 Representative image of control living H4 cells 

Fig 4.2.24 Living H4 cells + N-terminal antibody (5µg/ml) + anti-Cadherin antibody 

(1:150) – co-localization 

Fig 4.2.25 Living H4 cells + N-terminal antibody (5µg/ml) + anti-LAMP1 antibody 

(1:75) – co-localization 

Fig 4.2.26 Living H4 cells + N-terminal antibody (5µg/ml) + anti-TGN46 antibody 

(1:400) – co-localization – 30 minutes 

Fig 4.2.27 Living H4 cells + N-terminal antibody (5µg/ml) + anti-TGN46 antibody 

(1:400) – co-localization – 2 hours 

Fig 4.2.28 Living H4 cells + N-terminal antibody (5µg/ml) + anti-TGN46 antibody 

(1:400) – co-localization ZOOM – 2 hours 

Fig 4.2.29 Living H4 cells + N-terminal antibody (5µg/ml) + anti-TGN46 antibody 

(1:400) – co-localization – 4 hours 
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Fig 4.2.30 Living H4 cells + N-terminal antibody (5µg/ml) + anti-CAL antibody (1:400) 

– co-localization 

Fig 4.2.31 Living H4 cells + N-terminal antibody (5µg/ml) + anti-EEA1 antibody 

(1:300) – co-localization 

Fig 4.2.32 Living H4 cells + N-terminal antibody (5µg/ml) + anti-EEA1 antibody 

(1:300) – co-localization ZOOM 

Fig 4.2.34 Western blots – characteristic bands for anti-Calnexin antibody (132 kDa) / 

anti-Cadherin antibody (83.5 kDa) 

Fig 5.1 Schematic illustration of AβPP binding sites for N-terminal antibody and 2B12 
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7.5 List of tables 

 

Table 4.2.1 List of concentrated 2B12 and biotin-labelled 2B12 + the method of 

quantification 

Table 4.2.2 The optimization of antibody concentration and tested condition for 

Western Blotting  


