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Abstract

Alzheimer’s disease (AD) is characterised by progressive impairments in memory
and cognitive process and contributes to 50 — 70% of dementia cases. Alzheimer’s
predominantly presents in people over 65 while brain cancer incidence is similarly
seen in the elderly. Glioblastoma (GBM) is the most aggressive form of primary
malignant brain tumour with life expectancy only 15 months following diagnosis. A
relationship between the two neurological diseases was first suggested when
patients with AD were found to be less likely to die from cancer compared to AD
patients who died from other diseases. Meta-analysis has confirmed that cancer
patients have a 50% reduced risk of developing AD with a general consensus of
inverse comorbidity. Beta amyloid exists in two main forms AB40 and AB42 and has
long been at the centre of AD pathogenesis. Our preliminary data suggests it to also
be present in glioma. However, the full role of beta amyloid or its associated proteins
have not been fully explored in GBM.

Immortalised cell lines U87-mg (human grade IV GBM), SVGp12 (human foetal glial
cell) and 1321N1 (human low-grade astrocytoma) were used throughout.

ELISA assay was able to confirm presence of both AB40 and AB42 in U87-mg,
1321N1 and SVGp12 cell lysates with no significant difference between the different
cell lines. Pharmacological inhibition of beta amyloid similarly had no significant
effect on cell proliferation in the glioma cell lines.

Bioinformatic exploration of beta amyloid associated genes was undertaken to
identify novel targets to study in the glioma cell lines. BRCA2 and BCHE genes
showed different expression in LGG and GBM compared to normal tissue. BRCA2
expression was confirmed in cell lysates by western blot with less BRCA2 in U-87mg
and SVGp12 compared to 1321N1.

BRCAZ2 has been long implicated in other cancers, however the role BRCA2 may
have in glioma brain tumours remain unknown. BRCA2 may therefore be an
interesting protein for further study and a potential strategy in GBM.
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1.1 Alzheimer’s Disease

The words “A peculiar severe disease process of the cerebral cortex” was said by
Alois Alzheimer on November 3", 1906, on the 37! meeting of the southwest
German Psychiatrists in Tubingen. The words describing a 50-year-old woman who
showed symptoms reported by Alois Alzheimer’s as “paranoia, progressive sleep
and memory disturbance, aggression, crying and progression confusion” (Hippius,
2003). Five-years after the death of the woman, the histology of the brain reported
plaques and neurofibrillary tangles (Hippius, 2003). One hundred years later
Alzheimer diseases (AD) falls under the umbrella of a dementia characterised by
progressive impairments in memory and cognitive process (McGirr et al., 2020) and
is described as the aggregation of beta amyloids (AB) and hyperphosphorylated tau
accumulation in extracellular plaques leading to neurotoxicity (Liu et al., 2020).

1.1.1 Diagnosis and treatment

The current clinical diagnosis of AD is a cognitive test appropriate for the patients
age and education, followed by the elimination of differential diagnosis (mainly
eliminating dementia) and followed by position emission tomography (PET) for the
presence of cerebral cortical atrophy (Schott and Petersen, 2015) (Bird, 2012).

As of yet there is no cure for the disease, the only treatment to combat the disease is
to relieve symptoms or reverse the effect of neuronal deaths that leads to imbalance
or lack of neurotransmitters such as acetylcholine, dopamine and serotonin
(Yiannopoulou and Papageorgiou, 2020). The main treatment is acetylcholinesterase
inhibitors (AchEls) to slow down the cognitive decline in AD. The cholinergic
hypothesis states the loss of cholinergic function in the central nervous system
(CNS) as seen in AD affects cognitive decline such as memory and learning (Terry
and Buccafusco, 2003). The three cholinesterase inhibitors approved for the
treatment of AD are donepezil, galantamine and rivastigmine. The
acetylcholinesterase inhibitors work by increasing the neurotransmitter at synapses
by decreasing its breakdown rate (Colovic et al., 2013) which has been proven to
delay cognitive decline in AD in some instances (Yiannopoulou and Papageorgiou,
2020). The only other clinical drug approved for the treatment of AD that acts on a
different pathway to AchEls is memantine. The drug is a N-methyl-D-aspartate
(NMDA) receptor antagonist used to reduce excitotoxicity by decreasing the influx of
Ca?*. The drug only binds to open NMDA receptors during prolonged activation
allowing the normal activity of the receptor (Yiannopoulou and Papageorgiou, 2020).
As well as clinically approved drugs, drug trials are a major weapon used to fight the
disease, 121 unique therapies as of February 2020 in clinical trials from phase 1 to
phase 3 for AD (Cummings et al., 2020). In 2023, the Food and Drug Administration
(FDA) approved Lecanemab an IgG1 monoclonal antibody for the treatment of AD
(Verger et al., 2023). In addition, the pharmaceutical company Eli Lily have applied
for approval by the FDA for the drug Donanemab which is also a monoclonal
antibody (Reardon 2023). Donanemab is said to have 35% less clinical decline over
18 months in comparison to Lecanemab which showed a 27% decline over 18
months. The FDA prescribing guidelines includes warnings of amyloid related
imaging abnormalities (ARIA) as MRI showed up to 21% of patients in Lecanemab
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trial presented with ARIA which includes brain swelling or blain bleeding. In
Donanemab 37% presented with ARIA (Sanganee 2023, Couzin-Frankel, 2023).

1.1.2 Epidemiology

There are around 55 million people with dementia worldwide (WHO, 2021), with AD
contributing to 50-70% of the cases (Zhang et al., 2021). The total cases are said to
increase to 78 million by 2030 as life expectancy increases and 139 million in 2050.
Most people with dementia (60%) reside in less to medium developed countries. In
addition, women make up 65% of death due to dementia. As nearly a billion people
are said to be over 65 by 2030 compared to 420 million in 2000 (Zhang et al., 2021)
(Qiu et al., 2022), this ageing phenomenon will increase the crisis that is dementia in
general and subsequently AD as age is one of the risk factors to dementia. As the
high developed countries show a greater aging population increase (59% - 71%),
those countries will show the greater increase of people with dementia (Qiu et al.,
2022). The elevated prevalence of AD in women compared to men implies that age
alone cannot be the sole factor. Despite women having a longer life expectancy than
men, with a median age of 86 compared to 82 (Office of National Statistics, 2021),
research indicated oestrogen may serve as a protective factor against AD (Saleh,
2023). Consequently, the decline in oestrogen levels due to menopause could
contribute to the higher prevalence rate observed in women. It's important to
consider that hormonal therapy has been associated with an increased risk of
dementia (Shumaker, 2004)

AD can be split in to two groups, Familial Alzheimer’s disease (FAD) and Sporadic
Alzheimer’s disease (SAD). FAD predominantly occurs in individuals <65 years
accounting for 5% of AD and SAD affects individuals >65 years (Binda, 2019).

Familial AD Sporadic AD
APP SORL1 TREM2  NOTCH3 12SIANA  CLU { psEni
PSEN1  ABCA7 BINI PLCG2 APP
PSEN2 UNCSC ABI3

AKAPI Penovo

Figure 1; Spectrum showing FAD and SAD of genes associated to the two groups
deduced via minor allele frequency (MAF) <1% (Hoogmartens et al., 2021)

Figure 1 shows the genes most well characterised associated to the groups, as seen
APP and PSEN1 are highly linked to both FAD and SAD. There are several
hypotheses for the disease, but none blankets every point. It is worth noting the
genes in Figure 1 only represent minor alleles, APOE¢e4 is a major genetic risk factor
in AD. Although the mechanism is not clear the allele significantly contributes to the
reduction of Ap clearance (Kim et al., 2009 & Liu et al.,2013).
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1.1.3 AD pathogenesis: Cholinergic hypothesis

This hypothesis was first introduced in the mid-1970s when research in biochemical
side of Alzheimer’s disease began in late 60s to early 70s. Reports started coming
through of the decrease in expression of choline acetyltransferase (ChAT) in the
neocortex. The deficit was seen to led to a reduction of choline uptake, acetylcholine
(ACh) release and loss of cholinergic nerve perikaryon (Francis et al., 1999). The
role of ACh in learning and memory compounded with the studies of these deficits
lead to the cholinergic hypothesis. Although the hypothesis does correlate with the
memory loss seen in AD it does not necessarily paint the full picture. The decrease
in expression of ChAT in AD is also seen in olivopontocerebellar atrophy (OPCA)
patient but without the cognitive decline (Francis et al., 1999, Kish et al., 1993)
suggesting that other factors must contribute to the memory loss seen in AD
patients.

sAPPa is a fragment derived from APP through proteolytic cleavage. APP is a
transmembrane protein primarily found in the membrane of neurons. sAPPa is
generated when APP is cleaved by alpha-secretase, an enzyme that cuts within the
Ap domain of APP. This cleavage event precludes the formation of Ap peptides,
which are implicated in the pathogenesis of AD.

The cholinergic system has been seen to play a vital role in the pathogenesis of AD.
Stimulation of the M1 receptor by an agonist increases the soluble amyloid precursor
protein alpha (sAPPa) and reduce A production (Jiang et al.,2014, Haring et
al.,1994). M1 also activates Protein Kinase C (PKC) which could lead to the
inactivation of protein kinase (GSK-3) therefore reduces hyperphosphorylated tau
(Sadot et al., 1996, Francis et al., 1999, Jiang et al., 2014). In vivo and in vitro
studies have showed a decrease of neuronal degeneration and death when GSK3p
was inhibited (Forlenza et al., 2000, Mendes et al., 2009, Noble et al.,2005).
Furthermore, stimulation of mMAChR could activate ERK1/2 pathway, which plays a
role in o & y- secretase and app processing (Jiang et al., 2014, Zhang et al., 2019).

1.1.4. AD Pathogenesis: Tau hypothesis

The discovery of phosphorylated tau proteins being the building blocks of
neurofibrillary Tangles (NFT) by KOSIK et al (1986) ignited the Tau hypothesis. The
claim is that Tau accumulation precedes that of Ap, making it the instigator that leads
to a cascade resulting in cell death. The hypothesis is supported by
hyperphosphorylated Tau being found in brains of individuals with mild dementia
without Ap (Yilmazer-Hanke et al., 1999, Mandelkow et al., 2007, Mazanetz et al.,
2007). Unlike the amyloid cascade hypothesis, the Tau hypothesis has no genetic
mutation in the Microtube-associated protein tau (MAPT) gene that can be
associated to the disease. MAPT gene is responsible for the encoding of tau
proteins. The protein is responsible for maintaining the structural integrity of
microtubules, due to disruption of tau kinases and tau phosphatases equilibrium tau
proteins become hyperphosphorylated causing the disruption of microtubules which
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leads to free tau aggregating (Medeiros., 2011). The aggregation of tau proteins
binds with free A forming NFT.

1.1.5. Amyloid cascade hypothesis

Breakthrough of the disease pathogenesis was discovered by Glenner and Wong
(1984) when they isolated a protein now known as AB42, they believed Ap42 is a
“biological marker for the cerebrovascular amyloid fibril component of Alzheimer’s
disease”. As cerebrovascular amyloidosis was only seen in AD, Down syndrome
and familial Icelandic cerebrovascular amyloidosis syndrome, Glenner and Wong
assumed that isolating and identifying the protein that is the cause would lead to
diagnostic factor of AD. This research laid the building blocks for future therapeutic
pathways based on the Amyloid cascade hypothesis.

Although there are still questions about the pathogenesis of AD as a whole as no
hypothesis or model represents the entirety of the disease, the consensus on the
cause of FAD is the Amyloid cascade hypothesis, which was first proposed by Hardy
and Higgins in 1992. The authors hypothesised that the accrual of A is the cause of
AD. This hypothesis is backed by the mutations of APP, Presenilin-1 (PSEN1) and
Presenilin-2 (PSEN2) genes that lead to an increase production of AB42 which leads
to neurofibrillary tangles and cell death in FAD.

The amyloidogenic pathway is the biogenesis of AB which involves the cleavage of
APP by B-secretase (BACE) and y-secretase to produce AB. Newly synthesized APP
molecules are transported from the Golgi either down the axon to synaptic terminals
or via an endosomal compartment. APP transported to the cell surface can be
proteolyzed at the surface. APP not proteolyzed at the surface can then be
reinternalized via clathrin-coated pits in endosomal compartments containing f3-
secretase enzyme 1 (BACE1) and y-secretase (a multimeric complex consisting of
presenilin, nicastrin anterior pharyx defective-1 and presenilin enhancer-2). In the
endosome BACE1 initiates the first proteolysis step cleaving APP releasing a N-
terminal ectodomain sAPPf fragment and a membrane bound 99-amino acid C
terminal fragment (C99) (Vassar et al., 1999). y-secretase then cleaves C99
releasing AR extracellularly and APP intracellular domain (AICD). In non-
amyloidogenic pathway a-secretase initiates the first step in this pathway, cleaving
APP and producing the soluble APPa and Carboxyterminal fragment 83 (CTF83). y-
secretase then cleaves the fragment producing p3, Ap and AICD (Chow et al.,
2010). This process is accepted as the non-amyloidogenic pathway as

AB is not generated at the end. This process is seen in figure 1.1.
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Figure 1.1: this image shows both the amyloidogenic and non-amyloidogenic
pathway. Section A of the image shows the intracellular cascade of both pathways
as explained above. Section B is the simplified version of the pathways (Zhou et al
2018).

The major drawback of the hypothesis is the fact that several manufactured A
antibodies had failed to reduce cognitive decline in phase Il trials until recently.
Moreover, it has been seen individuals with Down syndrome develop A plaques as
adolescents and never progressed to AD (Zigman et al., 2008). There’s no question
that Ap facilitates AD but it is not exclusively the cause of the disease.

1.2 Glioblastoma

Cancer is an uncontrolled division of cells that can invade and spread throughout the
body. Hallmark of cancer is a phrase used as a benchmark for all cancer, the belief
is every cancer has the abilities to sustain proliferative signalling, evade growth
suppressors, activate invasion and metastasis, enable replicative immortality, induce
angiogenesis and resist cell death (Hanahan and Weinberg, 2011).

Glioma is a tumour originating from glial cells in the central nervous system (CNS).
The tumour is accountable for 50% of all primary malignant brain tumours (Lan, et
al., 2017). Astrocytoma derives from astrocytes, ependymoma arising from
ependymal cells and oligodendroglioma emerging from oligodendrocytes make up
the three main types of glioma. Glioblastoma is a particularly aggressive astrocytoma
and is the most prevalent primary malignant tumour in adults.

15



1.2.1 Glioblastoma classification

Prior to 2021 GBM was divided into two types of groups; primary glioblastoma which
is a grade IV de novo whilst secondary glioblastoma is a progressive development
from a lower grade astrocytoma to a grade IV. WHO has since changed the
classification of the disease into IDH wild-type and /IDH mutant. The old classification
was based on the histology findings and / or glomeruloid neovascular proliferation and
pseudopalisadic necrosis (Stoyanov et al.,, 2022, Wen et al., 2021). The new
classification is based on lack of IDH mutation. The changes of the classification was
due following the realisation patients with the mutation have a much better prognosis
(42 months) compared to patients with IDH wild-type (14 months) (Alzzial et al., 2022).

Isocitrate dehydrogenase (IDH) are enzymes found in the cytoplasm, peroxisomes
and mitochondria and comprise three isoforms IDH1, IDH2 and IDH3. These are
metabolic enzymes involved in several different cellular processes. In reference to
glioma the enzymes are involved in the tricarboxylic acid cycle (TCA cycle) which is
the major energy-yielding metabolic pathways in glioma. IDH1 and 2 are responsible
for catalysing isocitrate to a-ketoglutarate (a«KG) and reducing nicotinamide Adenine
Dinucleotide Phosphate + (NADP+) to Nicotinamide Adenine Dinucleotide Phosphate
(NADPH) + CO2 (Mondesir et al., 2016). The reducing agent NADPH is important in
processes that protect against toxic reactive oxygen species and oxidative damages
via the reduction of glutathione, thioredoxins and activating catalase.

IDH mutants occur due to a missense mutation, substituting arginine 132 in IDH 1 and
arginine 172 or 140 in IDH 2 which subsequently play an important role in the enzymes
active site. The change in the enzyme reduces its function in converting isocitrate to
oKG. Furthermore, the missense mutation causes /DH mutants to inhibit IDH wild-type
(Zhao et al., 2009). IDH-mutant enzymes exhibit neomorphic enzymatic activity by
transforming NADPH and aKG into NADP+ and D-2-Hydroxygluterate dehydrogenase
(D-2HG). D-2HG inhibits aKG in a mild competitive manner and therefore increasing
histone methylation, increasing DNA methylation and impairs cell differentiation
Mondesir et al., 2016). Furthermore, inhibiting the production of NADPH increases
radiation therapy sensitivity (Tateishi, et al., 2016). In 2016 WHO revised the
classification of glioblastoma due to IDH into IDH mutant and IDH wild type for
glioblastoma (Stoyanov et al., 2022).

1.2.1 Diagnosis and Treatment

The clinical presentation of glioblastoma is ambiguous which unfortunately decreases
the likelihood of a timely diagnosis and favourable prognosis. The disease exhibits
symptoms parallel to that of other primary and secondary brain tumours including
headache, blurred vision, seizure, and cognitive decline. Due to early signs aligning
with majority of condition an early diagnosis of the disease is highly unlikely which is
detrimental to course of treatment and prognosis.
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Diagnosis of the disease depends on clinical presentation and a thorough evaluation
of family history, ruling out other conditions such as intracranial pressure. Even
though the initial route of diagnosis for patients is different depending on their
symptoms, every patient would eventually have a Magnetic Resonance Imaging
(MRI) scan which will present blood-brain barrier disruption, necrosis and vasogenic
oedema or infiltrating tumour (McKinnon et al., 2021). A confirmation of the disease
is then done via biopsy for a histopathological diagnosis depending on whether it's
considered high risk to a patient.

Treatment of glioblastoma involves removal of tumour depending on the location and
size, followed by radiotherapy and temozolomide (TMZ) and then adjuvant TMZ
(Stupp et al., 2007). Surgery is dependent on the Karnofsky scale (>70) (Mckinnon
et al.,2021 & Gilard et al., 2021). In addition, as the median survival rate after
diagnosis is 15 months, patients commonly sign up for therapeutic trials, however
survival remains poor (Gilard et al., 2021).

1.2.2 Epidemiology

The global incidence rate of glioblastoma has increased yearly and is now between
1-5 per 100,000 people (Grench et al.,2020) The increase of the incidence rate
yearly can be explained by medical advances, or in contribution of environmental
factors such as pollution. Studies show western world, such as the UK with an
incidence rate of 5 per 100,000 is greater than less developed countries. This could
be because of poor access to health care therefore a decrease in reported cases.
interestingly only Japan has showed a decrease in incidence rate (Miranda-filho et
al., 2016). In the UK a greater prevalence of glioblastoma is seen in men compared
to women and a year-on-year increase across different ages (Philips et al.,2018).

1.3 Relationship between Alzheimer’s disease and Glioblastoma

AD and GBM are two neurological diseases that have significantly impacted
humans, particularly the elderly populations, showing a contrasting comorbidity
pattern.

The link between AD and cancer was first found following an analysis of autopsy
results where 9% patients with AD had cancer contributing to death. Moreover, 23%
had cancer contributing to their death out of patients without AD (Tirumalasetti et al.,
1991). It is worth noting that the sample size of was small even though a trend in
favour of inverse comorbidity was seen.

A study showed a significantly lower rate in female patients with AD in co-occurrence
of cancer (Thorpe et al., 1994). In the same year another study concluded no
significant difference in AD with cancer such as lung or prostate cancer, furthermore,
the occurrence of pancreatic cancer was 6.7-fold higher in Alzheimer’s than in
control subjects (Burke et al.,1994).
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Since then, there have been growing consensus of an inverse relationship between
AD and cancer. In northern Italy a study was done by Musicco et al (2013) that
showed the cooccurrence of cancer in AD patients had a 50% reduction risk and a
35% reduced risk of AD in cancer patients. A longitudinal study of 5888 individuals in
a 10-year period mirrored the same conclusion of a reduced risk of developing AD in
patients with cancer (Roe et al., 2010).

A meta-analysis showed a 50% reduced risk of AD in patients with or history of
cancer and a 36% reduced risk of cancer in patients with AD (Catala-lopez et al.,
2014) which might be because both diseases share or express the same genes or
pathways in opposite direction (Ibanez et al., 2014) therefore explain the protective
barrier shown by the diseases.

A mechanistic relationship between AD and glioblastoma was suggested when
reduced production of A was seen in C6 glioma cell line (Morato and Mayor, 1993)
while in vivo suppression of tumour growth was demonstrated by human
glioblastoma A in mice (Paris et al 2004).

As widely accepted the pathogenesis of AD is the aggregation of Ap and
hyperphosphorylated tau proteins accumulating in extracellular plaques leading to
neurotoxicity (Holtzman et al., 2011). Interestingly, Tau protein has also been seen
to facilitate tumour progression in nude mice (Pagano et al., 2021). Pharmacological
interference of Tau signalling pathway has been suggested as a novel treatment for
AD as it leads to inhibition of neurofibrillary tangles (Long et al., 2021 & Kitagishi et
al.,2014) and may a putative target in cancer.

1.4 Quantification of AB40 and AB42

The separation of beta amyloids using conventional SDS page has been difficult to
do, using Bicine/Tris SDS page (15%T/5%C) or Tricine/ Tris SDS page the beta
peptides appear in a single band showing no separation (Klafki et al., 1996). The
addition of urea to the SDS separation gel showed a clear separation of peptides, it
was deduced that AB40 moved faster in Tris/Bicine/urea SDS page (Klafki et al.,
1996). Since then the separation of the peptides allowing quantification has been
achieved using different concentration of stacking or separating gel with urea.

In nerve endings of monkeys, ApB40 showed an increase of 3.7 times with age from
4y to 30y whilst Ap42 showed a greater increase of 5 times more (Kimura et al.,
2005). Ap (Ap40 and AB42) have been successfully separated and semi quantified in
several cells or tissues such as human embryonic kidney cell lines and homogenised
cortex and hippocampus using western blotting (cui et al., 2017; Winkler et al.,2012).
As of yet there is no data on quantification of AB40 and AB42 in glioma cell lines
even though the proteins have been identified in glioma cell lines.
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1.5 Justification of Methodology

To explore the role of between beta amyloids and glioma cell lines, a literature
review was conducted to examine the methodologies used for quantifying beta
amyloids in cell lines through western blot analysis.

The quantification of AB40 and AB42 by western blot has been done by others on
several cells and tissues such as HEK293, frozen cortex and hippocampus and
homogenised occipital lobes (Kimura et al., 2005, Klafki et al., 1997, Cui et al.,
2011). Although the literature used different methodology to quantify beta amyloid,
however despite AP significant presence in neuroscience research, western blot
quantification is not routine. Various methods have been reported and six will be
outlined here.

1.6.1 Klafki et al. (1996): Electrophoretic separation of B-amyloid
peptides Ap40and Ap42

In 1996, Klafki and colleagues used electrophoresis to successfully separate
proteins HEK 293 cells using 3 different types of gels. The gels were run at 12mA for
30 mins, followed by 24mA until the dye reached the appropriate distant.
Electrophoresis was done at room temperature. The sample buffer used for
electrophoresis was a tris/tricine buffer. The gels were then fixated and stained.

The first gel used to separate the proteins (Ap40 and ApB42) was a gradient gel
composited of stacking gel (4%), separating gel (10%) and a resolver gel (16.5%).
The gel was made from acrylamide/bis, tris/ HCL gel buffer, glycerol, Coomassie
blue, APS, TEMED and water. The anodic buffer used was Tris/ HCL and cathodic
buffer was Tris/tricine/SDS. Using this gel, the band of Ap40 and Ap42 was
successfully stained with AB40 producing an intensified band to its counterpart. As a
mixture of the two, the bands were unable to be separated using this gel
composition.

The second gel used for electrophoresis was gradient gel made up of stacking gel,
separating gel and resolver gel (15%). The anodic buffer used was Tris/ H.SO4 and
cathodic buffer was bicine/NaOH/SDS. The buffer used for stacking gel consisted of
bistris / bicine and bromophenol blue, for separating gel was bistris / H2SO4 and for
resolver gel was Tris / HoSO4 and glycerol. The gels also consisted of acr/bis, SDS,
H20, APS and TEMED.

The result seen was similar to the first gel, AB40 band appeared more intense than
AB42 and as a mixture the bands could not be separated.

The third gel used for electrophoresis was also a gradient gel made up of stacking
gel, separating gel and resolver gel (15%). The anodic buffer used was Tris/ H2SO4
and cathodic buffer was bicine/NaOH/ and a higher concentration of SDS. The
buffer used for stacking gel consisted of bistris / bicine and bromophenol blue, for
separating gel was bistris / H2SO4 and for resolver gel was Tris / H.SO4 and urea.
Unlike the first two gels, different mobilities of AB40 and Ap42 was seen in the
mixture of the stains, pointing to urea as a facilitator of the separation of the two
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proteins. Urea is a chemical that breakdowns hydrogen bonds therefore increasing
solubility of proteins (Bass et al., 2017). Similar results were seen a year later, when
Wiltfang et al., 2017 found that urea and SDS increase the mobilities of proteins.
Using bicine/tricine gel with and without urea, Ap40 and Ap42 separated more
connivingly with the former.

1.6.2 Zhong et al. (1994): Increased Amyloid production from Aberrant
B-Amyloid Precursor Proteins

A 16.5% Tris-Tricine SDS-PAGE was used in electrophoresis to detect B-APP
carboxyl-terminal fragments, the gels were then developed using autoradiography.
Unfortunately, the running buffer used were not specified, nonetheless the results
showed fragments at around 4kda which Ap40 and Ap42 are and fragment at around
3 kda (Zhong et al., 1994).

1.6.3 Ahmed et al (2010): Structural conversion of neurotoxic amyloid-
B1-42o0ligomers to fibrils

The Ahmed, 2010 methodology looked at separating AB42 oligomers. Samples of
AB42 oligomers (incubated for 6h at 4 °C) were mixed with SDS-PAGE sample
buffer and loaded onto 18% (w/v) Tris-glycine poly-acrylamide gels, electrophoresed
and transferred onto Hybond-ECL nitrocellulose membranes at 100V for 1.5h at 4°C.
Membranes were blocked in 5% (v/v) milk/PBS/0.05% (v/v) Tween20 (PBS-T) for 1h
at room temperature (22°C). Anti- Ap mouse monoclonal antibody 6E10 was added
for 1h at room temperature and then washed away in three 5-min washes with PBS-
T. Horseradish peroxidase—conjugated mouse sheep anti-mouse IgG was added for
1h at room temperature and then washed three times for 5 min with PBS-T. ECL
detection method was used for detection of the bands. Molecular sizes for immuno-
blot analysis were determined using a Benchmark pre-stained protein ladder and
Rainbow molecular weight markers. For native gels, samples were loaded onto 10—
20% (w/v) Tris-tricine native gels (Bio-Rad) electrophoresed at 4 °C and visualized
with Coomassie brilliant blue stain (Sigma-Aldrich). Molecular weights for native gel
analysis were approxi-mated using NativeMark molecular weight standards
(Invitrogen) (Ahmed et al., 2010).

1.6.4 Kimura et al. (2005): Age-related changes of intracellular AS
cynomolgus monkey brains

Western blot analyses were performed to assess age-related changes in the
subcellular distribution of each Ap molecule. The nerve ending fraction was pre-
treated with Pro-K as described. The proteins in each fraction were adjusted to 30
mg, and then each fraction was analysed by using SDS polyacrylamide gel
electrophoresis (SDS PAGE using 12.5% acrylamide gels). Separated proteins were
blotted onto polyvinylidene fluoride membranes. The membranes were blocked with
5% non-fat dried milk in 20 mM PBS (pH 7.0) and 0.1% Tween-20 overnight at 4°C,
and then incubated with primary antibodies or 1h at room temperature. They were
then incubated with either horseradish peroxidase-conjugated goat anti mouse IgG
or mouse anti rabbit IgG for 1h at room temperature (Kimura et al., 2005).
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1.6.5 Cui et al. (2017): Peripheral Treatment With Enoxaparin
Exacerbates Amyloid Plaque Pathology in Tg2576 Mice

Frozen cortex and hippocampus were homogenized with a disposable polypropylene
pestle (Bio-Rad) in 1ml sample buffer (10% b-mercaptoethanol, 2% SDS, 50mM
Tris, and 10% glycerol, pH 6.8). Samples were sonicated for 4 min and centrifuged
for 10 min at 13,000 rpm at 4°C, and then the supernatant fraction was collected.
The protein concentration was measured with the Bio-Rad DC protein assay kit with
bovine serum albumin as standard. The authors based their method on Cui et al.,
(2011) (1996)

1.6.6 Haider et al. (2012): Tricine-SDS-PAGE

This chapter was written as a guide for separating small proteins, predominantly 1 —
30kda using tricine SDS PAGE. The method included making hand cast gels. The
buffer used for making the gel was a 2.5M Tris-HCL (ph 8.8) which composed of tris
base, deionized water and HCL. The loading buffer was made up of SDS, glycerol,
coomasie brilliant blue, Tris-HCL (ph 6.8) and 4% mercaptoethanol. Running buffer
consist of tris, tricine and SDS. A gradient gel was the preferred method with 6M
urea in the resolver gel, but an updated version of the method was done without the
use of urea (Appendix Image 2) (Haider et al., 2012).

1.6 Aim and objectives

The overarching aim is to explore the role of Ap oligomers (AB40 or Ap42) in GBM
cells. To this end, the following objectives will be met.

1. To quantify Ap40 and Ap42 in glioblastoma cell lines via western blot and
Enzyme Linked Immunosorbent Assay (ELISA)

2. To determine the sensitivity of GBM cells to anti-amyloid drugs.

3. To apply bioinformatics to identify AD susceptible genes in LGG and GBM
using public datasets

4. Confirm the expression of identified AD susceptible genes via western blot in
glioblastoma cell lines
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CHAPTER 2

Method
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2.1. Cell culture

Cell lines used were U87-mg (ECACC) which is a grade 4 malignant glioblastoma
cell line, 1321N1 a grade 2 human brain astrocytoma and SVGp12 (human foetal
glial cell line). U87-mg and 1321N1 were originally purchased from ECACC, UK,
SVGp12 from ATCC, UK and stored in liquid nitrogen until being grown under
standard cell culture conditions. U87-mg and SVGp12 were grown in Eagle’s
Minimum Essential Medium (EMEM), with 2mM glutamine, 1% non-essential amino
acid, 1mM sodium pyruvate and 10% (w/v) foetal bovine serum (FBS). 1321N1 was
cultured in Dulbecco’s Modified Eagle Medium (DMEM), 2mM glutamine and 10%
(w/v) FBS. Cell culture was performed in Class Il microbiological safety cabinet. Cell
lines were grown in T75. Cells were washed with Phosphate buffered saline (PBS)
after old medium was discarded. The cells were washed twice in 5ml PBS and then
trypsinised in 2ml Trypsin and placed in an incubator for 2-3 minutes. The flask was
placed under a inverted light microscope to observe dissociation. In the laminal flow
hood, the 4/5ml of medium was then added to flask to neutralise the trypsin. The
content of the flask was then transferred to a 50ml falcon tube and centrifuged for
12000 xg for 5 minutes. The supernatant was then discarded, and the pellet
resuspended in an appropriate volume of medium for seeding. Aseptic technique
was used in the entirety of cell culture. The Media and supplements, Foetal bovine
serum (FBS), Glutamine, Non-Essential Amino Acids (NEAA), Sodium Pyruvate
were bought from Fisher Scientific, UK.

2.2 CCK-8 Assay

CCk-8 assay is a colorimetric assay that determines cell proliferation. This is done by
a direct proportionality of living cells to formazan dye, which is a principal product of
WST-8 following reduction by dehydrogenase. The assay was bought from Abcam
and used according to manufacturer's instruction for cell proliferation. 96 well plates
were seeded with 1x103 cells in triplicates for each day in the 96 well plate and
triplicate of the 96 well plate. Every day the respective wells medium was discarded
and then replaced with 10% CCK-8 reagent in growth medium and incubated for 60
minutes. Then the absorbance was read. The Plate reader could only be set to
485nm absorbance instead of 460nm that was instructed.

2.3 Treatment

Cells were treated with the B—amyloid oligomer inhibitor (K01-162). KO1-162 bought
from Merck (UK) and was stored in the fridge a 4°C. The drug was solubilised in
DMSO (50mg/ml) and then diluted using medium to 100 pM in 10% DMSO and
stored in aliquots of 200ul in fridge a 4°C. The cells were treated at concentrations
between 1nM to 1uM. 96 well plates were used for cell treatment, the wells
contained 5x103 cells in 100ul volume of medium (1% DMSO and the relevant drug
concentration). In their respected medium containing 1%DMSO and 100nM of KO1-
162 treated cells were seeded per wells in 96 well plate. The respective wells were
treated with 10% CCK-8 reagent in DMEM/ EMEM and incubated for 60 mins every
day. The absorbance was measured daily, at the same time for 7 days.
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2.4 Preparation of cell lysate

Cells at 80% confluency in a T75 flask were trypsinise, neutralise and centrifuge at
1000rpm for 5 minutes. The supernatants were discarded and resuspended in cold
1ml cold PBS. The cell suspension was transferred to an eppendorf tube and spin
down for 5 minutes at 14,000xg. The supernatant was then discarded and cells were
lysed in 200ul of Radioimmunoprecipitation assay buffer (RIPA buffer) containing 1x
protease inhibitor (50mM Tris, 150mM NaCl 0.5% sodium deoxycholate and 1%
Triton to make up 50ml of RIPA buffer). 1x protease inhibitor (100ul) was added to
10ml RIPA prior to lysing.

2.5 BCA Protein assay

Bicinchoninic acid (BCA assay) was used to determine the protein levels in cell
lysates for western blot and ELISA. The assay was bought from Thermo Fisher and
was used according to manufacturer's instruction.

2.6 Enzyme-linked immunosorbent assay (ELISA)

ApB40 and AB42 in cell lysates were assayed using human ELISA kit (Thermo
Fisher, UK). Three different passages of each cell line were assayed in triplicate.
AB40 (25ul of cell lysates) and AB42 (50ul of cell lysates) was quantified and was
measured at an absorbance of 485nm. The assays were bought from Thermo Fisher
and used according to manufacturer's instruction.

2.7 Bioinformatics

2.7.1 Gene identification and analysis

GeneCards (Genecards, 2022) is a genomic database that was used to rank closely
linked genes to beta amyloid and glioblastoma. The website does this by quantifying
genes linked to anything like another gene or protein or disease in publications,
therefore when a gene is searched or diseases, A list of genes is generated in order
of the most associated gene to the least. In gene cards, beta amyloid and
glioblastoma were searched, and the top 100 genes were selected for beta amyloid
and 23 for glioblastoma. To analyse the gene expression of the top selected genes
that are closely link to beta amyloid and glioblastoma, USCS Xena browser
(Xenabrowser, 2022) was used.

The datasets TCGA, TARGET and GTEX were filtered to brain as the primary site
and the main category stratified into low grade glioma (LGG), glioblastoma (GBM)
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and GTEX (normal tissue). This gave 530 LGG samples,172 GBM samples and
1141 normal tissue samples (see Figure 2.1).

A B C D

Sample 1D
samples primary_site main category sample type

TCGA GTEX main_cate

samples gory _sample_type

TCGA Brain Lower
Grade Glioma

] 100 samples

QTEX Brain Normal Tissue

[ Brain [ TCGA Brain Low... [] Normal Tissue
Bl TCGA Glioblasto... B Recurrent Tumor
] GTEX Brain Bl Solid Tissue Nor,

Bl Primary Tumor

Figure 2.1, TCGA TARGET GTEX data, 3 categorise, primary site, main category
and sample type

The aim of the analysis was to filter down the genes. The average of the gene
expression of the raw patient sample data was done for each individual gene. Then,
GBM and LGG average gene expression of each gene were divided by the control
counterpart and multiplied by 100 (Appendix 3, Table 1). i.e. average of APP gene
expression of GBM data divided by the average of APP GTEX expression data and
then multiplied by 100. This was done to see how close in expression the gene is in
control data compared to GBM and LGG. The closer to 100% meant the genes were
closely expressed. A bell chart (Appendix 3, Figure 3.1, 3.2) was then created from
the data to show the anomalous genes either side of the spectrum. Genes with over
130% (21 genes) and those with below 70% (32 genes) were identified for both LGG
and GBM. The threshold was used as it contained about 25% of the total number of
genes. Most of the genes fell in between 70 - 130% of closely expressed LGG and
GBM to control.

A total of 35 different genes were then identified and further investigated in USCS

Xena. Using analysis from Xena browser, the p value of Kaplan Meier plot and the F
value (one-way anova) comparing GTEX, LGG and GBM. These values of the genes
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were plotted on a scatter plot graph. The P value was plotted on a log scale which
excluded 5 genes.

2.8 Statistics

Excel was used to analyse the raw data from USCS Xena browser to filter the genes
down to a respectable number to be further investigated, Prism 9 and Image J were
programmes used for statistical test. Prism 9 was used for every experimental
analysis for bioinformatics, treatment, and ELISA. One way and two-way anova
stats was performed, relevant post-hoc such as Tukey test. P value at < 0.05 was
deemed significant. To quantify BRCAZ2 image J was used.

2.9 Western blot

All Consumable was bought from Thermo scientific unless said otherwise. The
composition of buffers used are found in appendix 4.

Imagine of the membranes was done using Biorad ChemiDOC Imaging system.

2.9.1 Method development — Amyloid beta quantification

Initial attempts to separate amyloid beta from the cell lysates were by SDS-PAGE
and western blotting. Various gels were freshly made in house to try and
successfully quantify the protein.

The composition of all gels contained 2.5M tris buffer (pH 8.8) and 29:1 Acrylamide/
bis-acrylamide. The stacking gel was always 4% and separating gel (if used) was
10%. The resolver gel was 16 %. 6M Urea was sometimes added to the resolver gel.
A tricine sample buffer was used for loading. Running buffer used was a tris-tricine
buffer. Gels were run at 150v for 90 mins. Tris-glycine was used as the transfer
buffer. During transfer an ice block was used to counter overheating and the protein
was transferred to a PVDF or nitrocellulose membrane, at 300mA for 80 minutes.

A 10% tricine SDS PAGE gel (4% stacking gel) were made for the detection of
BRCAZ2. The composition of the gels contained 2.5M tris buffer (pH 8.8) and 29:1
Acrylamide/ bis-acrylamide. A tricine sample buffer was used for loading. Running
buffer used was a tris-tricine buffer. Tris-glycine was used as the transfer buffer.
Gels were run at 100v for 120 mins or until the relevant bands are ran off the gel.
During transfer an ice block was used to counter overheating and the protein was
transferred to a PVDF membrane, under the conditions of 300mA for 80 mins.
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3.1 Quantification of Ap40 and Ap42 by western blot and ELISA

Western Blot

The antibodies used for staining were tested on a dot blot experiment to make sure
they are viable to use (appendix, image 1.1, 1.2). Ponceau S stain was done to show
transfer of proteins from gel to membrane (appendix 1, Image 1.3).

The first gel ran comprised of 4% stacking and 16% resolving gel. The gel was run
for 90 mins at 150v in running buffer (tris, tricine, SDS) and a Tris-sample buffer was
used for loading. The gel was transferred on a Cellulose membrane at 300mA for 80
mins (Image 3.1, 3.2). In this run, the proteins did not run through the stacking gel to
the resolving gel which | believe was due to the jump in from 4% to 16%. Due to this,
a separating gel was used in other to facilitate movement from stacking gel to
resolving gel.

Image 3.1; 16% gel, AB40 stain on left and Ap42 stain on right, lanes from left to
right, ladder, 1321N1, U-87MG, SVGp12 and sample buffer
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Image 3.2; 16 % gel, Ap40
stain on left and AB42 stain

" on right, lanes from left to

right, ladder, 1321N1, U-
87MG, SVGp12 and sample
buffer

In the second run, a 10%
Image 3.3, Image 3.4). The
gradient gel did not show any
protein bands in the stacking
gel which meant the proteins
had travelled through the gel
but unfortunately there were
no bands in the entirety.

Image 3.3; Gradient gel, Ap40 stain, lanes from left to right, ladder, 1321N1, U-

87MG, SVGp12 and sample buffer
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Image 3.4; Gradient gel, AB42 stain, lanes from left to right, ladder, 1321N1, U-
87MG, SVGp12 and sample buffer

Due to the lack of bands, Urea was added to the Resolving gel in accordance with
literature, as previous Western blot in which AB40 and AB42 was visualised, Urea
was used. Everything else was kept the same. As seen in Image 3.5, 3.6 this did not
yield any visible bands.

Image 3.5; Gradient gel (6M urea), AB40 stain, lanes from left to right, ladder,
1321N1, U-87MG, SVGp12 and sample buffer

Image 3.6; Gradient gel (6m urea), AB42 stain, lanes from left to right, ladder,
1321N1, U-87MG, SVGp12 and sample buffer.

The cellulose membrane was then changed to a PVDF membrane (Image 3.7, 3.8),
even though nitrocellulose membrane is preferred for smaller molecular weight it is
more brittle and fragile. All other conditions and components were kept the same.
The results were still the same. Unfortunately, time ran out on figuring the limiting
factor.
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Image 3.7; Gradient gel, Ap40 stain, lanes from left to right, ladder, 1321N1, U-
87MG, SVGp12 and sample buffer on PVDF membrane

Image 3.8; Gradient gel, Ap42 stain, lanes from left to right, ladder, 1321N1, U-
87MG, SVGp12 and sample buffer on PVDF membrane.

Stacking (%) | Separating | Resolving | Running Transfer Example
(%) (%) conditions conditions | image
4 16 Running buffer | Transfer - | Image 3.1
(tris, tricine, Cellulose | Image 3.2
sds) —90mins | membrane
at 150v at 300mA
for 80mins
Sample buffer —
tris sample
buffer
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4 10 16 Running buffer | Transfer - | Image 3.3
(tris, tricine, Cellulose | Image 3.4
sds) —90mins | membrane
at 150v at 300mA

for 80mins
Sample buffer —
tris sample
buffer
4 10 16 (6m Running buffer | Transfer -
urea) (tris, tricine, Cellulose | Image 3.5,
sds) —90mins | membrane | 3.6
at 150v at 300mA
Sample buffer —
tris sample
buffer
4 16 (6m Running buffer | Transfer — | Image 3.7,
urea) (tris, tricine, PVDF 3.8
sds) —90mins | membrane
at 150v at 300mA
for 40mins
Sample buffer —
tris sample
buffer

Table 1: Gel and running conditions trialled for quantification of ab40 and ab42 by

western blot

3.1.1 ELISA

Quantification of Ab40 and Ab42 in cell lysates was performed by ELISA. No
differences in mean protein levels between the three cell lines were detected (Figure
1, p>0.05, one-way ANOVA n=3). It was noted that there was variability between the
three different passages for each cell line, despite being quantified in triplicate.
However, no statistical difference was seen between the three different passages for
each cell line (Appendix 1, p>0.05, one way ANOVA, n=3) a trend towards increased
expression in later passages was observed.
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Figure 3.1; Mean amyloid expression for Ab40 (A) and Ab42 (B) in cell lysates from
1321N1, U-87mg and SVGp12 cell lines. No differences in mean expression were
detected between the different cell types (p>0.05, one way ANOVA, n=3).

3.2 Effect of amyloid inhibition on glioma cell growth

B—amyloid inhibitor optimisation was performed using a CCK-8 assay to assess cell

viability after a day or 2 of exposure to the amyloid

inhibitor at varying

concentrations. No difference in mean absorbance was seen between the different
inhibitor concentrations and vehicle control (VC) for all three cell lines 1321N1, U-
87MG and SVGp12 (Figure 2.1, P>0.05, one way ANOVA, n=3).
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Figure 3.2; B-amyloid inhibitor optimisation for (A) 1321N1, (B) U-87mg and (C)
SVGp12 cell lines. No differences in inhibitor concentration on growth were detected
between the different cell types (p>0.05, one way ANOVA, n=3).

As no effect on cell viability was seen on exposure to amyloid inhibitor over two
days, viability was then determined over 7 days. A concentration of 100nM
B—amyloid inhibitor was used in accordance with literature (Hong et al., 2010).

The three cell types 1321N1, U-87MG and SVGp12 were treated with 100 nM
B—amyloid inhibitor for 7 days. The cell count was performed using a CCK-8 assay.
No difference in mean absorbance was seen between treated and untreated cells for
all three cell types (Figure2.2, P>0.05, one way ANOVA, n=3). U-87 and 1321N1
cells displayed normal growth however the growth of SVGp12 was very inconsistent
and unreliable.
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Figure 3.2.1; Cells treated with 100 nm B-amyloid inhibitor (A) 1321N1, (B)U-87mg
and (C) SVGp12 cell lines. No differences of treated cells the different cell types
(p>0.05, one way ANOVA, n=3)
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3.3 Bioinformatic exploration of amyloid associated proteins

The top 30 genes linked to amyloid from (appendix 19) were taken forward for data
extraction. The TCGA TARGET GTEx dataset on Xena ((UCSC Xena, n.d.)

were limited to brain as primary site and main category to GTEx, TCGA low grade
glioma and TCGA glioblastoma which yielded 1825 samples. Gene expression RNA-
seq (log2(norm_count+1) for each identified gene in GBM, LGG and normal tissue

was compared in Xena and is available at xenabrowser.net.
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Figure 3.3; Total of 30 genes expressed in LGG and GBM P value (Kaplan Meier)
and F value of one-way anova

Kaplan-Meier analysis was undertaken for each gene and p values extracted. As KM
survival data only includes LGG and GBM patients, this would potentially exclude a
gene whose expression was changed in both GBM and LGG and was different to
normal tissue. Consequently, the f values were also extracted when GBM, LGG and
normal tissue groups were compared to give an indication of spread of the three
groups. Plotting p value against f value revealed a distribution that enabled
identification of genes that had high f values and low p values. Four genes (BCHE,
TP53, CDK4 and BRCAZ2) had an f value greater than of a 1000 indicating the
greatest disparity between GBM, LGG and normal tissue. Of those, BRCAZ2 had the
lowest p value indicating greatest distinction between high and low expression. This
and a P value of less than 0.0001. In addition to BRCAZ2, BCHE also had a F value
greater than 1000 and p value < 0.01. Unlike BRCA2, BCHE is a susceptibility gene
of AD.
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3.3.1 Expression of BRCAZ in glioma

Analysis of raw RNA-seq data revealed significantly higher expression of BRCAZ2 in
GBM and LGG than in control tissue (Figure 3.5 p<0.05 one-way ANOVA).
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Figure 3.3.1; Mean BRCAZ2 expression in GBM, LGG and normal tissue from TCGA,
TARGET and GTex datasets. Increased expression was seen in both GBM and LGG
compared to control tissue (p<0.05 one-way ANOVA).

Kaplan Meier survival analysis of GBM and LGG datasets compared survival in two
groups higher and lower than median expression. There were 51 samples from
patients that had expression greater than the median, whereas 635 samples had
expression less than the median. High expression of BRCA2 was strongly
associated with reduced survival (Figure 3.3.2, p=0.0000289 log-rank test in
Xenabrowser.net).
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Figure 3.3.2; Kaplan-Meier survival analysis for overall survival relative to
BRCAZ2 expression (RNAseq-RSEM norm_count). High expression (red line) was
strongly associated with reduced survival (p=0.00002890, Xenabrowser.net).
Probing a western blot for BRCAZ2 revealed a band at around 71 kDa in cell lysates
from 1321N1 cells but very little in cell lysates from U-87 and SVGp12. BRCAZ2 has a
reported size of 390 kDa (Powell & Kachnic 2003). B-actin loading was comparable
(Figure 3.3.3) and revealed a band at 41kDa as expected. Densitometric analysis
confirmed significantly lower BRCAZ2 protein in U87-mg and SVGp12 than 1321N1
cell lysates (Figure 3.3.3 p<0.05, one-way ANOVA, n=3).

Image 3.9; Representative western blot of cell lysates probed for BRCA2. Lanes
were loaded from L-R: ladder, 1321N1, U87-mg, SVGp12, sample buffer, ladder,
1321N1, U87-mg, SVGp12. B-actin was used as loading control.
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Figure 3.3.4; Densitometric analysis of western blot BRCAZ2 staining. Analysis of
mean ratio of BRCAZ2/B-actin staining showed less BRCAZ2 in U-87 and SVGp12
compared to 1321N1 (p<0.05, one-way ANOVA, n=3).
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3.3.2 Expression of BCHE in glioma

Figure 3.3.5; Mean BCHE expression in GBM, LGG

and BCHE normal tissue from TCGA, TARGET and GTex
Fokkk datasets. Increased expression was seen in both GBM
and I~ LGG compared to control tissue (p<0.05 one-way
ANOVA).
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Figure 3.3.6. Kaplan-Meier survival analysis for overall survival relative to BCHE
expression (RNAseq-RSEM norm_count). High expression (red line) was strongly
associated with reduced survival (p= 0.005855, Xenabrowser.net).
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4.1 Amyloid beta as putative target in glioblastoma

The primary objective was to quantify AB40 and Ap42 in glioblastoma cell lines. While
western blotting did not achieve this goal, ELISA was successful and suggested no
difference in cell content between high grade, low grade and control astrocytes.
Exposure to the amyloid inhibitor k01-162 for 7 days had no effect on cell viability.

Previous studies have considered the role of p—amyloids in glioma and
demonstrated amyloid accumulation in U87 cells (Li et al.2014) and in tissue
(Kucheryavykh et al 2019). Although the nature of Ap in glioblastoma remains
unclear, Paris and colleagues (2010) showed 40 — 50% tumour suppression
following implantation of GBM cells into brain of transgenic mouse that overexpress
AP compared to wild-type mice. In addition, Zhao et al (2009) reported reduced rate
of proliferation of U-87MG when in presence of conditioned media from APP
overexpressing cell suggesting increased production and protection from amyloid.

Expression levels of AB40 and AB42 as determined by ELISA suggested similar
levels across cell lines. It may be that relative variation between amyloid isoforms is
the driving factor. Ordinarily AB40 accounts for 80 - 90% of ABO with

AB42 accounting for 5 — 10% (Murphy and LeVine, 2010) however in FAD a
decrease in ratio of AB40 / AB42 has been linked to an increase in FAD mutations
(Arber et al., 2020). Our data suggests a decrease in ratio of AB40 / AB42 which
would agree with the initial hypothesis that Alzheimers is protective against cancer.
Ibanez et al (2014) proposed CNS and cancer share or express common genes/
pathways in opposite directions therefore supporting the inverse comorbidity seen. If
this is the case, the decrease in ratio of AB40 / AB42 in glioblastoma should mean a
better prognosis.

Data presented here suggests expression of amyloid is similar between high grade,
low grade and control glial cell lines. Consequently, targeting amyloid may not be a
useful strategy in treating GBM. Pharmacological inhibition of amyloid has been an
active strategy against Alzheimer’s disease for many years and multiple drugs have
been developed and recently showed promise in the clinic (reviewed by Zhang et al
2023). That we were unable to see any effects here may initially be due to our choice
of drug. K162 inhibits the aggregation of A and prevents the formation of amyloid
oligomers (Mrdenovic et al 2021) however it is not clear if the AB detected by ELISA
is in monomeric, dimeric or oligomeric forms. In addition, as we saw no significant
difference between amyloid expression in lysates from the three cell lines, it may be
that they are all being inhibited similarly or that any oligomerisation could already
have occurred prior to the K162 inhibitor being applied as oligomerisation can occur
within minutes (Cline et al. 2018). Moreover, the result of the A could have been
due to the optimisation stage, as the treatment was introduced to cells immediately
after seeding during the lag phase and the optimisation was only done for two days.
This could have resulted in choosing a concentration for the treatment. Of note
however, K162 is one of the most potent amyloid inhibitors and the concentration of
100 nM applied here is in line with the reported EC50 of 0.080 uM (Li et al 2011).
K01-162 is a fluorene compound that binds directly to f—amyloid oligomer (ABO)
inhibiting its subsequent binding to synapses (Hong et al., 2010). The compounds
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high affinity to ABO is shown by its dissociation constant (Kd) of 19 uM so either
there is no amyloid present to inhibit formation, the fibrils had already formed or the
presence or lack of amyloid has no bearing on cell viability.

Although direct inhibition of AR oligomerisation was unsuccessful here, that may
suggest that targeting AB associated proteins in the amyloid pathway may be a
worthwhile alternative. The amyloid precursor is cleaved by B-secretase (BACE) to
CTF before cleavage by y-secretase to AB. BACE1 inhibition has recently been
shown to suppress GBM growth in an in vivo xenograft model (Zhai et al 2021) by a
novel mechanism suppressing macrophage phagocytosis of tumour cells rather than
by interfering with the amyloid cascade. The authors however did not consider
amyloid per se, so a simultaneous effect on AR cannot be ruled out.

4.2 Technical consideration of AB40 and AB42 quantification

The initial aim of the project was to quantify amyloid isoforms in cell lysates. Western
blotting is one of the standard techniques to determine protein expression and is
routinely applied in our lab. Consequently, it seemed a reasonable starting place
towards the first objective.

Despite being the subject of studies regarding Alzheimer’s disease for many years,
amyloid quantification by western blot is possible, but not widely reported in the
literature. Amyloid quantification in glioma cell lysates has not been reported. Some
prominent papers that guided early studies were summarised in section 1.6.

After trying numerous methodologies, the main point drawn from the literature was
that inclusion of urea in the gel is vital for the separation of the smaller proteins. Urea
is a more powerful de-naturant than SDS, however electrophoretic properties can
differ from SDS-PAGE. The concentration of urea chosen here was in line with
previously reported methodologies and did not yield any separation of amyloid.
Consequently, attention turned to the other electrophoresis components.

A common alternative for electrophoresis of small molecular weight proteins is tris-
tricine gel. Replacing glycine with tricine favours small protein separation as larger
proteins are destacked so enter the separating gel later (Schagger and von Jagow
1987). This is possible as tricine has greater negative charge and higher ionic
strength than glycine, so proteins are more attracted to the anode. Alongside the
tricine gel, a tricine running buffer was also trialled. This appeared to work
successfully as the small molecular weight (mw) ladder was resolved appropriately.

Consequently, it seems likely that the inability to resolve and probe for low molecular
weight proteins may arise at the transfer stage. Though the result of Ponceau S
showed transfer of proteins from the gel to the membrane, it did not confirm whether
ABO was transferred on to the membrane or to a lesser point whether ABO passed
through the membrane as the protein is small. PVDA was chosen in latter trials as it
has greater protein binding capacity than the nitrocellulose membranes tried
originally. Pass through the membrane of low molecular weight proteins is also
possible and is determined by pore size with standard membrane pore size being
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0.45um. Alternative pore sizes weren’t excluded during trials here, so it may be
possible that using a 0.2um or 0.1um pore membrane would be more successful.
Similarly, transfer conditions can be varied to reduce the likelihood of overtransfer
and losing protein as it passes through the membrane. Duration of transfer was
decreased to test the theory without success. Further work could have been
undertaken to vary current conditions.

4.3 Bioinformatics

4.3.1 BRCA2 and BCHE as new targets in glioblastoma

The bioinformatic exploration identified BRCAZ2 as a protein associated with amyloid
that warranted further investigation. BRCA exists in two forms, BRCA1 and BRCA2
and is involved in DNA damage response and DNA repair. The protein is
instrumental in homologous repair (HR) as the recruiter of RAD51 which is
responsible for the tumour suppressor aspect of HR (Roy et al., 2012). BRCA1
mutations increase risk of breast cancer from approximately 13% to 55-72% while
mutation in BRCAZ2 increases risk to 45-69%. The importance of BRCAZ2 in
glioblastoma is less known but RAD51 showed 51% elevation in GBM with an
increase of 15 months compared to specimens with moderate or absent levels of
RADS51 with a survival of 9 months (Welsh et al 2009). Furthermore, BRCAZ inhibits
the cleavage of RAD51 by caspase 3 following radiation (Brown et al., 2008). In TMZ
resistant glioma cells the inhibition of BRCA1, BRCA2 & RADS51 increased the
sensitivity of TMZ (Chai et al., 2014). The involvement of BRCA in cancers other
than breast cancer has been extended to ovarian, fallopian tube and prostate. A link
to GBM has previously been suggested for BRCA1 (Boukerroucha et al. 2015) and
has recently been suggested to be a prognostic biomarker with low expression
correlating with more favourable outcomes (Vassiloukopalou et al 2021). Recently,
interest has extended to BRCA2 and data corroborating that presented here been
published (Meimand et al 2021). Further study is needed to establish a role of
BRCAZ2 in GBM and its potential utility as therapeutic avenue, prognostic biomarker
or biomarker to allow personalised treatment.

4.3.2 BCHE

The significance in RNAseq expression of BCHE in GBM and LGG in comparison to
control is interesting as the gene or protein is not documented in glioma. Although,
BCHE has been linked to tumorigenesis (Soreq et al., 1989; Bernardi et al., 2020).
Moreover, reports linking BCHE to lung (Brass et al., 1997), prostate cancer (Gu et
al 2018) and breast cancer (Bernardi et al., 2020) might open the door to further
research in glioma especially after THOMSON and SONTHEIMER (2019) points to
an increase expression of ACh receptors in glioma and subsequently have a role
migration and the fact that BCHE is involved in the metabolism of ACh (Darvesh,
2016).
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4.4 Conclusion

In this study | was able to quantify AB40 and AB42 in lysates from immortalised high
grade GBM cells, low grade glioma cells and control astrocytes. No differences in
expression were detected between the three cell types. The amyloid oligomerisation
inhibitor K162 similarly showed no efficacy. BRCA2 and BCHE were identified as
alternative targets by bioinformatics. BRCA2 showed significantly higher expression
in low grade glioma cells than control astrocytes. The role of BRCA2 in glioma has
not been previously considered and should be the subject of further research.
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Appendix 1

.

Appendix 1.1; dot blot of AB40 stain on 1321N1 (left) and U-87mg (right)

Appendix 1.2: dot blot of AB42 stain on 1321 (left) and U-87mg (right)
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Appendix 1.3; ponceau S stain showing transfer of proteins
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Appendix 2.1

Figure 2.1, Graph A, B and C on figure 1.1 revealed no statistical difference between
passages (F26 = 1.041, p > 0.05), (F26 = 1.3, p > 0.05) and (F2,6 = 0.02496, p > 0.05
respectively. In graph D there appears to not have any statistical difference between
1321N1, U-87mg and SVGp12 (F26 = 1.263, p > 0.05).
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Figure 2.1; AB40 Elisa (A) 1321N1, (B) U-87mg (C) SVGp12 and (D) Average of
1321N1, U-87mg and SVGp12
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Appendix 2.2

Figure 2.2, The statistical results on figure 1.2 indicates that graph A, B, C and D
have ns. A (F26 = 3.513, p > 0.05), B (F26 = 3.548, p > 0.05), C (F26 =3.342, p >
0.05) and D (F2,6 = 0.8864, p > 0.05).
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Figure 2.2; AB42 Elisa (A) 1321N1, (B) U-87mg (C) SVGp12 and (D) Average of
1321N1, U-87mg and SVGp12
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Effect of amyloid inhibition on glioma cell growth

Appendix 2.
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Figure 2.3; The results of the inhibitor concentration optimisation showed no
statistical difference in comparison to the control. (A) 1321N1 (F4.20 = 1.302, p >
0.05), (B)U-87MG ((Fa,20 = 0.7115, p > 0.05) and (C) SVGp12 (Fs,20 = 1.891, p >
0.05).
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Appendix 2.

100nm B-Amyloid inhibitor
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Figure 2.4, Graph A, B and C showed no significance. (A) 1321N1 (Fe 28 = 0.8539, p
> 0.05), (B) U-87MG (Fs28 = 0.8996, p > 0.05) and (C) SVGp12 (Fs28 = 0.5472, p >
0.05).
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Appendix 3.

Bioinformatic exploration of amyloid associated proteins

As explained in method, the outliers were investigated further from Table 1
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65.4245926
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42.3328142

33.066379
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22.0334844

Table 2: Expression of closeness 106 genes genes in LGG and GBM to normal

samples
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Figure 3.1; Gene expression in LGG samples in closeness to normal samples.
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Figure 3.2; Gene expression in GBM samples in closeness to normal samples.
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Appendix 3.

Genes P value (Kaplan Meier) F value (Box plot)
ATRX 0.01306 11.9
COL25A1 0.2761 29.44
DRD3 0.1317 38.93
MME 0.0001093 42.36
CHRNA7 0.00000000756600000000 45.51
NGF 0.6951 48.76
CR1 0.00000683 49.39
HTR2A 6.88E-15 56.09
BDNF 0.002595 73.29
IL6 1.44E-15 79.62
BRAF 7.64E-07 97.66
IL1A 1.38E-09 190.7
IL1B 6.60E-07 246.5
CALHM1 0.00001030000000000000 262.60
CD33 7.93E-07 285.7
EXOC3L2 0.00000000000000011100 349.20
SERPINA3 2.44E-11 354.70
UNC5C 0.9726 355.7
HLA-DRB1 3.54E-09 447.7
MS4A6A 0.00000013650000000000 525.40
SNCB 0.0004761 526
CYP246 0.00000919100000000000 612.80
CYP2D6 0.000009191 612.8
PLAU 0.00000000003123000000 751.00
SNCA 0.02413 775.1
MPO 0.1201 893.1
TREM2 0.10105300000000000000 903.00
BRCA2 0.0000289 1210
CDK4 0.08923 1268
TP53 0.06856 1807
BCHE 0.00585500000000000000 2033.00

Figure 3.3; 30 genes chosen with P value of Kaplan Meier and F value One-way
anova
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Appendix 4.

Buffers
RIPA Buffer (250ml) — Lysis buffer
250ml 50ml
50mM Tris — pH =1.7¢g 50mM Tris — pH = 0.394
150mM NaCL = 2.1g 150mM NaCL = 0.438g
0.5% Sodium deoxycholate = 1.25g | 0.5% Sodium deoxycholate = 0.25¢g
1% Triton = 2.5ml 1% Triton = 0.5ml

Store at 4°C
(+ 1x protease inhibitor prior to use) — 100ul (1 vial) per 10ml RIPA

2.5M Tris-HCL buffer (pH 8.8)

Tris base — 302.85¢g
Deionized water — 600 mL
HCL — adjust pH to 8.8

Make up to 1 L. Store at 4-8 °C.

Ammonium persulphate (APS)

APS - 0.1g
H0 — 1ml

Make up fresh.

Urea (6M) = 3.6036g

Sample or loading buffer

1% (w/v) SDS =100 ul (0.1g)

24% glycerol (v/iv) = 2.4 ml

0.02% (w/v) Coomassie Brilliant Blue = 2 ul (0.002g)

100mM Tris-HCL (pH 6.8) = 0.1576g — (0.12114g Tris & 0.03646g HCL)
Make up to 10ml with dH20. Adjust ph to 6.8(buffer should be dark blue)

Aliquot and store at -20°C
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Add 4% mercaptoethanol prior to use — use fume hood!

Running buffer x10 (1 litre)

25mM Tris = 3.03g

25 mM Tricine = 4.5g

0.05% (W/V) SDS = 0.5¢g

Make up to 1L with distilled water

There is no need to adjust the pH. Store at 4-8°C

STORE AT RT

Transfer buffer x10 (1 litre) pH 8.3 > (do not add acid or base to correct running
buffer)

25mM Tris = 30.49g
190mM glycine = 144.2g
Make up to 1L with distilled water.

STORE AT RT
For working concentrations

Dilute to x1 (80mL x10 Transfer buffer + 720ml dH20)
Then add 200ml Methanol to make up 1L

TBS x10 (1L) pH7.6

20mM Tris — ph7.5 = 24.2¢g

150mM NaCl = 87.6g

Make up to 1L with distilled water. Adjust pH to 7.6

TBST x1 (1L)

100ml TBS x10
900ml distilled water
1ml Tween

STORE AT 4°C

Blocking solution (20ml)
5% milk powder = 1g
20ml TBST

STORE AT 4°C — (Can be made as blot is running)

Stripping buffer
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15g glycine
1g SDS or 10ml of 10% to make 0.1% solution
10ml Tween
Adjust pH to 2.2

Add H20 up to 1L

4% sample gel 10% gel 16% gel 16%/6 M urea
AB-3 (ml) 1 6 10 10
Gel buffer (3x) (ml) 3 10 10 10
Glycerol (9) — 3 3 —
Urea (9) — — — 10.8
Add water to final volume  (ml) 12 30 30 30
Polymerize by adding:
APS (10%) (ul) 90 150 100 100
TEMED (ut) 9 15 10 10
Table 4.1; hand cast gel composition (Schagger, 2006)
Acrylamide/ 2.5 M Tris buffer (pH
Percentage bis-acrylamide 8.8 for modified and
of acrylamide 29:1 30% (w/v) pH 8.45 for original Deionized
in the gel solution (mL) method) (mL) water (mL) TEMED (uL) APS 30 mg/mL pL Total volume (mL)
Stacking gel 4 0.66 0.76 3.42 5.0 150 ~5
Resolving gel 7 233 5.6 1.91 7.0 150 ~10
9 3.00 5.6 1.24 6.0 150 ~10
10 3.33 5.6 0.90 6.0 150 ~10
12 4.00 5.0 0.89 6.0 100 ~10
15 5.00 4.6 0.29 6.0 100 ~10
16 5.33 4.3 0.22 6.0 100 ~10

Table 4.2; hand cast gel composition (Haider et al.,2012)
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