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Abstract

Libard, S. 2021. Alzheimer's Disease Neuropathological Change and neuronal and

glial alterations in patients with idiopathic Normal Pressure Hydrocephalus. Digital
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Medicine 1719.
76 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1132-6.

Alzheimer’s disease Neuropathological Change (ADNC), i.e. amyloid B (Ap) and
hyperphosphorylated t© (HP1), is seen in excess in the brains of subjects with AD. Idiopathic
Normal Pressure Hydrocephalus (iNPH) lacks defined hallmark lesions, affects the elderly and
leads to cognitive impairment, gait disturbance and urinary incontinence that can be treated
with a ventriculoperitoneal shunt (VPS). A few centres around the world have obtained a brain
biopsy from the area of VPS. It has been reported that the presence of ADNC in the biopsy is
associated with progression to AD.

We confirm that majority of iNPH subjects display ADNC, and the ADNC increases in
extent with age, in line with AD. The HPt pathology is sparse in majority of cases. We
observed remarkable neuronal survival and loss of matrix/synapses in subjects with iNPH
(paper 11I).

When studying subjects with notable AP pathology (paper 1V), we observed a stepwise
increase of pyroglutamylated AP (pyAp) and phosphorylated Af variants in iNPH. These two
AP variants are associated with symptomatic AD and correlate with HPt pathology. The pyAp
in the frontal cortex is a predictive marker for AD. Thus, notable A pathology in presence of
HPt in iNPH is suggestive of a moderate level of ADNC.

When assessing changes in the extent of pathology occurring during 21 months in a frontal
cortex of a subject with iNPH and AD (paper II), HPt pathology increased in parallel with
neuronal and synaptic loss, whereas AP pathology and astroglial activity were stable over
time. In contrast, we observed reduction of microglial markers, which might explain why anti-
inflammatory treatment is effective only at an early stage of AD.

When assessing brain tissue, the section thickness must be standardised, as it affects the
staining outcome and diagnosis (paper I).

In conclusion, we have demonstrated a progressive neurodegeneration of ADNC type in a
population of iNPH subjects, mimicking what is seen in subjects with AD. A brain biopsy
obtained from subjects with iNPH should be obligatory. This is because when ADNC is
present in the biopsy, representing prodromal AD, contact with memory clinic should be
initiated.
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Introduction

As the world’s population becomes older, the number of individuals with age-
associated diseases is increasing . One of the main disorders among the el-
derly is dementia, accounting for 50 million affected in the world *. This num-
ber is estimated to double every 20 years *. The incidence is 3 per 1,000 per-
sons at age 60 — 64 and doubles with every 6-year increase in age to 175/1,000
persons 95 years and older >*. According to the Swedish Statistical Bureau, in
2019, there were 550,000 persons who were 80 years or older in Sweden; by
2030, this number is estimated to increase to 800,000 people and by 2040 to
one million >, The prevalence of dementia in Sweden is 130,000 — 150,000
individuals and is expected to increase with 20,000 — 25,000 every year, ac-
cording to estimates from the National Board of Health and Welfare .
Dementia is a progressive neurodegenerative condition causing disturb-
ances in cognition such as memory, learning, speech, orientation, planning,
reasoning and complex thinking. It also causes neuropsychiatric symptoms
such as apathy, confusion, depression, personality- and behavioural changes.
Moreover, it can result in physical disabilities, especially at the end-stage of
the disease, affecting basic body functions e.g. breathing, swallowing or con-
tinence *%°. Itis a progressive, disabling and, at the end, fatal condition affect-

ing the individual patient but also his or her relatives and healthcare providers
489

Alzheimer’s Disease

Alzheimer’s disease (AD) is the most common type of dementia, affecting 60
— 80% of patients with dementia ***. In younger patients, AD is observed in
its pure form; however, numerous concomitant pathologies are observed with
increasing age, which alter the clinical presentation/symptomatology '*'*. The
prodromal phase of the disease is very long as AD related brain alterations can
be detected decades before the symptom debut, as well as in individuals who
never develop a dementing illness '>'°. Mild cognitive impairment (MCI) is
the first symptomatic phase of the disease, presenting with subtle memory
deficits that can also be caused by other diseases. A substantial number of
subjects with MCI develop dementia over time *'”. When AD is established,
the subject undergoes progressive deterioration over the years regarding
memory, thinking, behaviour, daily tasks and physiological functions. The
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disease duration after diagnosis can vary between 4 and 20 years °. There are
several risk factors associated with AD, i.e. age, genetics (Apolipoprotein &4
isoform (APOE ¢€4)), sex, cardiovascular disease, education level and trau-
matic brain injury >*'>'®!° The mortality caused by AD is high, as it is esti-
mated as the fifth leading cause of death in the world in subjects > 65 years °.

Clinical approach

The clinical diagnosis of dementia is based on recommendations from the Di-
agnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5) by
the American Psychiatric Association 2°. In DSM-5, the diagnosis of demen-
tia, of AD type particularly, is harmonised with guidelines from National In-
stitute of Neurological and Communicative Disorders and Stroke and the AD
and Related Disorders Association from 1984, which were updated in 2011
by National Institute on Aging (NIA) and Alzheimer’s Association (AA) 2%,

The clinical assessment includes a thorough investigation of the medical
and family history obtained from the patient, but also from a family member
or another person close to the patient **°, The patient should undergo a general
physical and neurological examination and neuropsychological examination,
including Mini Mental State Examination (MMSE) %26, Extensive blood
testing should be performed to rule out treatable conditions that could cause
the symptoms **. Evaluation of the cerebrospinal fluid (CSF) biomarkers, es-
pecially Amyloid-B (AB), Tau (t) and hyperphosphorylated T (HPt) should be
routinely performed %7, The assessment also includes imaging investigation
with Magnetic Resonance Imaging (MRI) and if possible, Positron Emission
Tomography (PET) %2°%, In 2018, NIA and AA made additional updates to
the 2011 guidelines focusing on research purposes, reflecting new insights in
the biology of AD, new biomarkers, molecular tracers and imaging techniques
¥ In practice, the clinical investigation of the patient, medical- and social ef-
forts varies depending on the patient’s age, the severity of the disease and the
individual’s social support .

Genetic abnormalities

Early Onset Alzheimer’s Disease

Only a fraction of patients affected by AD are due to inherited genetic abnor-
malities **°. The most common are mutations of presenilin (PS) 1 and PS 2.
Those two proteins are constituents of y-secretase, an enzyme engaged in the
cleavage of amyloid precursor protein (APP) to AP *'-**. Patients with muta-
tion in either of the PSs are prone to develop an early and aggressive form of
AD, debuting before the age of 65, due to an increase in AB42 load ***>°.
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There are also mutations in the Ap domain within APP that cause increased
production and improve aggregative properties of Ap %3%33,

Individuals with Down Syndrome are at high risk of developing dementia,
particularly of AD type ®. The syndrome is caused by a third copy, full or
fragment, of chromosome 21, where the APP gene is situated. There are sev-
eral genetic alterations interacting with A production, causing AD within this
patient category. Subjects with Down Syndrome may suffer from AD early in
life, as most of the patients display significant load of AD pathology within
their brains already in their 40s *’-%,

Late Onset Alzheimer’s Disease

The majority of AD population, over 95%, present with late onset AD
(LOAD). Carrying the APOE &4 gene allele is one of the main risk factors for
developing LOAD %!3°. APOE is produced in the brain by microglia, astro-
cytes, choroid plexus, pericytes and stressed neurons '°. Furthermore, APOE
is involved in lipid transport and metabolism and can be inherited in three
1soforms €2-4, where the €3 isoform is the neutral and most common in hu-
mans. €4 isoform is the most pathogenic in AD. Subjects carrying one AP-
OEg4 allele have three to four-fold higher risk of developing AD and hetero-
zygotes up to 15-fold risk compared to subjects with other isoforms of & %!,
Interestingly, the APOEg2 isoform is associated with decreased risk of AD
when compared to €3 and €4 '**°. However, APOEg4 is associated with greater
extent of AP aggregation and increased longitudinal progression in AP pathol-
ogy in subjects with AD, as well as in subjects with mild cognitive impairment
and subjects with preserved cognitive functions '°. Also, APOEe4 is primarily
associated with AP pathology, affecting AP -production, aggregation and
clearing but is also involved in t phosphorylation, HPt pathology, synaptic
function, neuroinflammation and neurotoxicity '*%4.

Neuropathological diagnosis

A definitive diagnosis of AD is established by a neuropathological examina-
tion of post-mortem (PM) brain tissue. The diagnostic criteria are based on the
NIA and AA guidelines for neuropathologic assessment of AD *!42,

Sampling

The NIA and AA guidelines for neuropathologic assessment of AD recom-
mend a sampling procedure, according to the BrainNet Europe Consortium
and by the Consortium to Establish a Registry for AD (CERAD) *!-.

The neuroanatomical areas that are sampled for microscopical investigation
should cover areas that are affected by different pathologies and proteinopa-
thies. In our clinical practice, the following areas are assessed microscopically
in line with BNE recommendations: 1. Frontal cortex; 2. Temporal cortex,
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including superior and middle temporal gyri; 3. Gyrus cinguli; 4. Parietal cor-
tex; 5. Motor cortex; 6. Occipital cortex, including calcarine fissure; 7. Ante-
rior hippocampus; 8. Posterior hippocampus; 9. Basal forebrain; 10. Striatum;
11. Thalamus; 12. Midbrain; 13. Pons, including locus coeruleus; 14. Medulla
oblongata, including dorsal motor nucleus of the vagus nerve; 15. Vermis cer-
ebelli, including the dentate nuclei and 16. Cerebellum *-46,

Alzheimer’s Disease Neuropathological Change

The AD neuropathological change (ADNC) includes the hallmark lesions of
AD, i.e. extracellular aggregates of AP, as AP plaques, within the neuropil and
HPt accumulation within neurons and their processes ***'*** AD neuropa-
thology was first described by Aloes Alzheimer, who identified the patholog-
ical lesions applying silver stain **. One of the lesions that was used for several
years as a diagnostic hallmark was neuritic plaques (NP), i.e. “NP counts”,
composed, as we know today, of AP aggregates and HPt- or ubiquitin (Ubq)
positive neurites “°*°!. The second hallmark lesion was neurofibrillary tangle
(NFT), also seen in silver stain, and as we know today is composed of intra-
cytoplasmatic perisomal aggregation of HPt >,

Amyloid

AP is generated by a two-step enzymatic cleavage of APP, a transmembrane
protein located in the cell membranes and within membranes of organelles
with an extracellular/luminal amino-terminus and intracellular carboxyl ter-
minus. The APP gene is located on chromosome 21, and different splicing
sites of the gene generate several isoforms of the protein, with APP 695 being
the most common in neurons ****, There, APP can be degraded in two dif-
ferent pathways. In the anti-amyloidogenic pathway, APP is primarily cleaved
by a-secretase within the AP domain of the protein, releasing a soluble sAPPa
peptide into the extracellular space. The transmembrane domain that remains
is processed by y-secretase into a pathologically irrelevant, small, truncated
3p AP peptide *'**3¢. This pathway interferes with and prevents the AB for-
mation **. Within the amyloidogenic pathway, APP is primarily cleaved by p-
secretase, also called B-site APP cleaving enzyme-1, before the AP domain,
resulting in an extracellular soluble sAPPf peptide and transmembrane APP
carboxy-terminal fragment. The transmembrane protein is then processed by
y-secretase, releasing AP into the extracellular space *'****%, The AP protein
can be 37 — 43 amino acids (aa) long *'**.

The most common A peptide is 40 aa long and is the main constituent of
cerebral amyloid angiopathy (CAA) seen in the vascular structures in menin-
ges and cerebral cortex **°7. The AB42 is also seen in CAA, albeit to a lesser
extent. AP42 together with AB40 are both components of amyloid aggregates,
but the AP42 isoform is more prone to forming soluble and toxic oligomers,
which assemble into insoluble fibrils that aggregate in the parenchyma.
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These AP42 dominating aggregates are generally referred to as plaques
323458 The plaques vary in morphology and composition, i.e. can be diffuse
or dense. When AB42 aggregate is seen together with HPt pathology as neu-
rites, the lesion is referred to as NP; a lesion that was already defined while
applying various silver stains *’°!. The diffuse plaques are only seen when
applying the immunohistochemistry (IHC) method and are commonly seen in
ageing individuals, whereas the dense- and the HPt containing NPs are mainly
observed in AD *'%,

Figure 1. Amyloid B (AP) pathology. A. Cerebral amyloid angiopathy. B. Diffuse
AP aggregate. C. Dense A aggregate.

The AP pathology has been shown to progress through a distinctive pathway
while applying IHC methodology, affecting specific neuroanatomical regions
4861 The current staging incorporates five different phases of the AB deposi-
tion, starting in the neocortical areas of the cerebrum as phase 1. In phase 2,
the allocortical areas of medial temporal lobe (CA1 and entorhinal region),
insular cortex, amygdala and gyrus cinguli are affected. In phase 3, the sub-
cortical areas, i.e. striatum, basal forebrain nuclei, thalamus, hypothalamus
and white matter, are affected. Within stage 4, the AP pathology is seen in the
midbrain and brainstem structures. At the end stage, phase 5, the cerebellum
is also affected ®'.

The biochemical changes of Af

Besides the formation of AP protein of different lengths, the protein itself can
undergo post- translational modifications. The altered biochemical properties
can be a result of alternative primary cleavage of the protein already at the cell
level, but it can also undergo secondary cleavages producing truncated AP
peptides during the aggregate formation. Those changes can affect both the C-
terminal and N-terminal of the protein and change the properties of the protein
itself, resulting in AP peptides with increased toxicity, increased ability to ag-
gregate and decreased ability to degradate. The post-translational modifica-
tions include, among others, pyroglutamylation, phosphorylation, nitration or
oxidation *"%2,

The pyroglutamylated AP (pyAP) is formed by releasing the first two
amino acids at the N-terminus of the protein, and the terminal glutamate is
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converted into pyroglutamate. This variant of A is associated with increased
ability to aggregate, increased neurotoxic properties and maintaining the in-
flammatory environment by promoting astrogliosis *'*%, Recent studies on
PM brain tissue revealed that the extent/level of py AP was significantly higher
in AD in comparison with cognitively unimpared controls. Additionally, when
detected in the cortical areas of the brain, the extent of pyAp was significantly
associated with HPt pathology and the level of cognitive decline *%.
Phosphorylation of A is another post-translational modification that has
been extensively studied, especially the phosphorylated Ap (pAB) variant at
serine 8 and to a lesser extent at serine 26. The pAp is described to increase the
formation of oligomeric assemblies which are the core of fibrillisation, increase
neurotoxicity and is resistant to degradation *"*%’. The pAp variant has been
detected in mouse models of AD, PM brain tissue from subjects with AD and
Down Syndrome, and was associated with symptomatic dementia %7,
Interestingly, recent studies have shown that during the formation of A
aggregates and CAA, different AP variants can be identified within the lesions
in a stepwise order . The suggested stage 1 corresponds with the presence
of AP without the N-terminal truncated, pyAp or pA species and was ob-
served in brain tissue from patients with asymptomatic, preclinical AD.
Within stage 2, the pyAp was additionally seen within the aggregates; more-
over, at stage 3, the pAp subtype was also identified within the lesions. The

biochemical AP stage 3 was associated with symptomatic dementing illness
68,70

Hyperphosphorylated ©

The HPr is the second main constituent of ADNC *®. 1 is a microtubule asso-
ciated protein, a normal constituent within neurons, localised primarily in ax-
ons ''. In its native form, the t protein is an unfolded monomer, in the brain
occurring in six different isoforms ""’2. The t protein is involved in stabilisa-
tion of the neuronal structures, i.e. by stabilising and inducing formation of
microtubules, axonal transport and neurotransmission >, Those functions
are controlled by phosphorylation of t and are suppressed by hyperphosphor-
ylation of the T protein *>"*’°_ In AD, the 1 protein is abnormally hyperphos-
phorylated, resulting in up to 3-fold higher phosphorylation levels than in
healthy individuals "*7*. The process of hyperphosphorylation changes the
properties of the protein, promoting the formation of toxic, soluble oligomers
and further into insoluble, straight filaments and paired helical filaments,
which are more prone to aggregate within neurons "’®”’. The HPt is predis-
posed to bind to normal t protein, thereby interfering with the microtubule
assembly and promoting the pathology further in a prion-like manner 32778,
Other biochemical processes such as acetylation, ubiquitination, glycation and
truncation additionally affect the properties of 1, thus further promoting the
pathologic phosphorylation and aggregation of the protein "'
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When the HPt accumulates in the neural soma, it is a main constituent of
NFT and when affecting the neuronal processes, the pathology represents as
neuritic threads (NT) ***3. When NT/neurites are incorporated into AP aggre-
gates, the structure is called NP 33547,

g

Figure 2. Neurofibrillary pathology when applying antibody towards hyperphos-
phorylated 1. A. Neuritic threads. B. Neurofibrillary tangle. C. Neuritic plaque.

The progression of HPt pathology follows characteristic neuroanatomical re-
gions *** Stages I and II progressively affect the entorhinal brain regions
within the medial temporal lobe i.e. transentorhinal cortex, followed by the
entorhinal cortex and CAl and CA2 regions of the hippocampus. Within
stages III and IV, the pathology within the primary areas increases and extends
into the limbic allocortex and escalates largely into the adjoining neocortex.
In stages V — VI, the pathology progresses within the neocortex, involving
secondary and primary areas at the end stage, engaging the parastriate and
striate areas of the occipital lobe ***°. Recently, it has been suggested that HPt
accumulation is initiated at the level of pons decades before the symptom de-
but, referred to as stages a to 1b °.

During stages I — II, patients are usually asymptomatic; stages Il — [V are
associated with MCI , and final stages V — VI with full-blown dementia *>***!,

Within the scope of this thesis, the focus is on 1 pathology in AD. However,
it is worth noting that t is involved in several neurodegenerative diseases as
primary tauopathies, i.e. progressive supranuclear palsy, corticobasal degen-
eration, Pick disease or argyrophilic grain disease and aging-related tau astro-
gliopathy (ARTAG) 8%,

The final diagnosis of Alzheimer’s disease

Since 1991, the diagnosis of AD was based on the counts of NP assessed,
proposed by CERAD. The recommendations included assessment of the
amount of NP visualised histochemically in a set of neocortical sections *'*>*7.
Noteworthy, a CERAD NP stage can also be given applying IHC while using
a combination of both AP and HPt or Ubq stain; a lesion with concomitant
AP and HPt or Ubq is referred to as a NP #*#0-°1.608 Qeveral studies have
described that the number of Ubq NP exceeds the number of NP containing
HPz in brains of cognitively unimpaired and in AD. While NP with Ubq is
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associated with brain ageing, the HPt containing NP is associated with CI and
AD 51,85‘

A Fig R B
:"fl,__.
&5
R Ag
S

Figure 3. Neuritic plaque pathology. A. Bielchowsky silver stain. B. Immunohisto-
chemical (IHC) staining applying antibody (Ab) towards Amyloid B. C. IHC stain-
ing applying Ab against HPx.
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The final neuropathological diagnosis of AD is an integrated diagnosis using
the Thal phase of A pathology (A), Braak stage of neurofibrillary change (B),
and CERAD score of NP (C). These are summarised into ABC scores, which
are then transformed into one of the four levels of ADNC: None, Low, Inter-
mediate or High level of AD pathology *'*.

ADNC can be present within the brain parenchyma several years before the
onset of the symptoms. There are also individuals that never exhibit cognitive
symptoms despite having AD pathology within their brain tissue '>'**, HPt
pathology can be detected in the brainstem nuclei early on in life, and cortical
AP aggregates can be seen in unimpaired elderly individuals '*'6-6":5¢,

The pre-symptomatic stages of the disease are very interesting, as several
drug trials describe the most efficient effect of the substance in the prodromal
stages of the disease *"*°. The target of the treatment regiments is to stop the
progressive nature of Af and HPt and thereby slow or prevent the process of
neurodegeneration.
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Alzheimer’s Disease Neuropathological Change Hyperphosphorylated t pathology (Braak stage)

A= Amyloid B pathology C = Neuritic plague | Boor B1 (0orl-
(Thal phase) pathology (CERAD) | 1) BZ{NN) B3 (v-vi)
AD(0) C0 none Mot Mot Mot
€0-C1 (none-sparse) Low Low Low
Al(1-2) : S
C€2-C3 (moderate-frequent) Low Intermediate piemnecate
A2 (3) AnyC Lot Intermediate Intermediate
C0-C1 (none-sparse) Low g Intermediate
A3 (4-5) | -
€2-C3 (mederate-frequent) Low JiepEcate High

Figure 4. Grading scheme, according to NIA and AA guidelines for neuropathologic
assessment of AD 4142,

Neuroinflammation

Inflammation is a biological process for protection against foreign agents,
controlling and confining injuries and repairing tissue damage. Neuroinflam-
mation is closely associated with the neurodegenerative process of AD. In the
brain, the main mediators of inflammation are astrocytes and microglia *'->.

Astrocytes are specialised glial cells seen throughout the central nervous
system, in both grey and white matter. During the last 20 years, a multifaceted
role of astrocytes has been discovered. Except for the features commonly at-
tributed to astrocytes, such as supporting cells and cells involved in tissue re-
pair and scar formation, the astrocytes are acknowledged to play a role in the
blood-brain barrier, water balance/glymphatic functions, metabolic signalling,
and neuronal and synaptic support and functions **%*%,

Microglia are the macrophages of the brain, the first line of defence against
changes in the local environment. They are highly specialised cells with cell
processes that detect changes in the brain. They are able to change their mor-
phology and biological properties depending on the cellular- or tissue changes,
responding with inflammatory reaction by cytokine and chemokine release
and phagocytosis. They interact closely with neurons/synapses and astrocytes,
contributing to brain development, neuronal plasticity and repair and synaptic
signalling *'%%7,

The inflammatory environment is altered with ageing and increases due to
the process of neurodegeneration °>*. Both astrocytes and microglia are sig-
nificantly increased in AD *>**'%_ This is because of a reaction towards AP
and HPr, trying to restore the homeostasis of the affected brain tissue *'%°. It
is acknowledged that microglia can phagocyte the soluble AP oligomers
and/or degrade them enzymatically, a clearance mechanism that can be bene-
ficial at the beginning of the neurodegenerative process. As the AP pathology
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progresses, the microglia are unable to clear the AP and are activated into a
chronic inflammatory state, changing their properties, promoting a pro-in-
flammatory neurotoxic milieu '°"'%2. Astrocytes are activated in AD, by AB
and HPt pathology, and the inflammatory environment, in close collaboration
with microglia, releasing cytotoxic proteins, resulting in maintaining the in-
flammatory, neurotoxic environment and promoting the progress of neuro-
degeneration *'*%>!% Thus, in the setting of AD, the neuroinflammatory pro-
cess contributes to and exacerbates the ADNC pathology as well as synaptic
and neuronal damage and death ',

This contribution to the AD pathology is interesting, as anti-inflammatory
treatment is easy to apply. Subjects with regular administration of non-steroi-
dal anti-inflammatory drugs displayed lower counts of astrocytic- and micro-
glial-activation '*. Several drug trials with regular anti-inflammatory treat-
ment have been carried out with contradictory results. When the disease was
already established, the effect was not acknowledged; nonetheless, subjects
receiving treatment continuously while in the pre-symptomatic phase dis-
played some effect on cognition **!1%5-1%,

The neurodegenerative process of AD

In parallel with the progression of ADNC and neuroinflammation, there is a
progressive neurodegenerative process that is ongoing, resulting in brain atro-
phy caused by synaptic and neuronal damage and finally, cell death 9%,
Synaptic loss is an early event in AD, which progresses through the course
of the disease ''®!"". The synaptic changes precede the neuronal loss and are
closely associated with cognitive symptoms ''*!'"*. The synaptic network is
also involved in propagation of pathological proteins, hence accelerating the
neurodegenerative process *'9"'% ADNC causes the synaptic damage by dif-
ferent mechanisms. One of them is loss of pre-synaptic and post-synaptic pro-
teins, crucial for synaptic function and thus leading to decreased function re-
lated indirectly to the cognitive impairment ''*''®. Dendritic spines, structures
responsible for direct contact and propagation of excitatory impulses, are dam-
aged and decreased in volume in AD and thereby directly decrease the signal
transmission through synapses, leading to cognitive impairment ''®!'7. Extra-
cellular AP aggregates accumulate around synapses, influence the receptors
localised on the cell-surface, impair the signal transmission and damage the
dendritic spines ''°. HPt is involved in dendritic pathology as it can redistrib-
ute from axons to dendrites, where it accumulates in the dendritic spines, af-
fecting the transportation, synaptic plasticity and memory ''*!'7. ADNC also
affects the mitochondrial function in synapses. Synaptic function requires en-
ergy, which is why the mitochondria is transported to synaptic terminals to
cater to the demands. AP impairs the mitochondrial function, causing mito-
chondrial fragmentation and an increase in free radicals and oxidative stress
that is directly toxic, causing impaired transmission and synaptic damage ''°.
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The neuronal population is affected directly during the disease process by
neurofibrillary pathology **7. Within the medial temporal lobe, an area that
is affected by AD early on, there is evidence of increasing HPt pathology and
neuronal loss within the entorhinal cortex, but the neuronal loss exceeds the
HPt pathology ''®'". This indicates that there are other mechanisms for neu-
ronal cell death; some studies refer to apoptosis mediated processes '*°. Addi-
tionally, the mitochondrial dysfunction, resulting in production of free radicals
and oxidative stress, can cause cell death early on in the disease process ''°.
During the disease progression, the increase in NFT is paralleled with pro-
gressive neuronal loss '*!. Contrary to the above, cortical areas, affected late
in the course of AD, displayed remarkable preservation of neurons bearing
intracellular NFT '2,

The most intriguing feature in the neurodegenerative process is the predis-
posed pattern of the neuroanatomical propagation of the altered proteins.
Prion-like properties have been associated with both Af and HPt as both pro-
teins undergo post-translational changes, forming toxic variants and promot-
ing further neurodegeneration *!6272116.123.124 ' Reoarding AP, animal studies
have described a seeding mechanism, first located in the site of injection, but
lately engaging the axonally connected regions. Moreover, toxic AP oligomers
promote the formation of new oligomers from monomers, potentiating the ef-
fect, where the pyp variant was one of the most prominent, both regarding
neuronal toxicity and prion-like behaviour “*'**. HP1 is also described to dis-
play seeding properties in cell cultures and animal models, promoting the pa-
thology through axonally connected regions "*'?*!%>_ That is in line with the
propagation of HPt pathology in human to distant structures, when starting in
the brainstem nuclei and directly progressing into the transenthorinal region
of the brain '>'%,

The effect of ADNC on the neuronal/synaptic population is intriguing and
still not entirely clear despite decades of research; hence, further studies are
needed.

Idiopathic Normal Pressure Hydrocephalus

The idiopathic Normal Pressure Hydrocephalus (iNPH) is a neurological con-
dition presenting with ventriculomegaly on radiological examination and slowly
developing classical symptoms of gait and balance disturbances, cognitive im-
pairment (CI) and difficulties with urinary control '*”'?°. The disorder princi-
pally affects the elderly. In Sweden, the prevalence ranges between 0.2 to 2.1%
in individuals 65 — 79-years-old and 5.9 to 8.9% in subjects over age 80 """,
Despite quite notable incidence of iNPH, it is suspected to be underdiagnosed
due to multiple disorders and co-morbidities with similar symptoms that are
more common in the older population '*'**!32_This is unfortunate as the symp-
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toms of iNPH can be reversed as a result of a treatment with a ventriculoperito-
neal shunt (VPS) insertion '27'?*13%134 ‘When left untreated, patients with iINPH
have a higher risk of developing dementia and have higher mortality rates than
shunted iNPH subjects and age-matched controls 3335137,

Pathophysiology of iNPH

Pathophysiology of iNPH is currently not entirely understood. Abnormal CSF
dynamics, vascular diseases, neurodegenerative diseases, inflammatory pro-
cesses, metabolic factors and heredity are described to influence the develop-
ment of this ailment %14,

INPH is a disorder where the water balance disturbance causes hydroceph-
aly and is associated with abnormal CSF homeostasis, blood-brain barrier
(BBB) damage and glymphatic dysfunction '¥-'*,

The mechanism to maintain water balance in the brain and a clearance
mechanism from its metabolites are not entirely understood. As the brain lacks
a defined lymphatic system, the brain clearance and homeostasis are ac-
counted for by intra- and extra- cellular degradation of proteins, through
blood-brain barrier transport and by different mechanisms through CSF, the
recently discovered glio-lymphatic (glymphatic) system as one of them '*. It
is a complex pathway where the aquaporin-4 (Aqp4), a water channel in the
astrocytic end-feet, is an important player involved in both BBB function,
glymphatic clearance and brain water balance '*"'*°. During disease, as iNPH
and AD, the Aqp4 is reduced, thus, impairing the clearing mechanism '#!'**
7 In iNPH, both glymphatic influx and efflux disturbances are described
141144198 Eyrthermore, the reduced glymphatic function is directly associated
with ventriculomegaly, the hallmark lesion of iNPH '*,

In AD, the glymphatic system is an important pathway of clearance of sol-
uble, interstitial AB; however, when the function is impaired, the outcome is
decreased clearance and increased AP aggregation ', A substantial num-
ber of iNPH subjects display AP in their brain, and thus are affected by im-
paired AP clearance and progressive ADNC disease '*14>-14,

BBB damage is another contributing factor to the impaired water balance
in iNPH as leakage of plasma proteins has been described in subjects with
iNPH in parallel with Aqp4 decrease '*'*,

These finding are in line with what has previously been described in AD
and vascular dementia ">, The mechanisms of impaired glymphatic clear-
ance and BBB damage are thus similar in AD and iNPH '#+-1%¢,

In iNPH, the defective CSF homeostasis causes hypoperfusion of the pa-
renchyma, inflammatory responses and altered metabolism contributing to
white matter damage, affecting the neuronal tracts causing the symptom de-
velopment and at the end stage affecting neuronal functions '**'*2,
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Clinical approach

There are international guidelines to be applied when diagnosing subjects with
iNPH, and patients with suspected iNPH undergo a thorough examination in-
cluding clinical history, physical and neurological examination, extensive
blood testing, neuropsychological evaluation, brain imaging, as well as CSF-
and CSF dynamic- tests '**'**, For a diagnosis, the age of onset should exceed
40 years, and the symptoms should progress over a long time, at least 3 to 6
months. Other conditions that can cause the symptoms should be identified or
excluded. Although the classical symptoms are part of the iNPH triad, all three
factors are not required for a diagnosis.

The symmetric gait disturbance is described to be the earliest and most af-
fected clinical feature of iNPH. The subject presents with short- and broad-
based gait with decreased height and length. Additionally, balance abnormal-
ities, difficulty in transitional movements and gait initiation, among others,
can be noted 2712140153155 ‘There are several testing methods that can be ap-
plied, for instance, ten-metre walk test, Timed Up and Go test, walking back-
wards 3m test, and ordinal balance- and gait scales '*°.

The CI and dementia indicate that prefrontal brain structures are involved,
as the main symptoms include lack of attention and concentration, apathy,
psychomotor slowing and memory deficits. The severity of CI varies in iNPH
patients from mild CI to severe dementia. The neurological and neuropsycho-
logical evaluations are crucial during the diagnostic process as presence of
other cognitive illnesses or co-morbidity with other dementias can affect the
choice of treatment or the treatment outcome 2712140153155 "The cognitive
function can be tested with MMSE and neuropsychological tests such as
Grooved pegboard, the Rey Auditory Verbal Learning Test and the Swedish
Stroop test '*°.

Urinary symptoms can present early in the disease process, most commonly
as increased urgency and frequency. Those symptoms can subsequently pro-
gress into incontinence '2"1#140:133-13 "Continence can be rated by an ordinal
continence scale or urodynamic tests !>,

According to the guidelines, a radiological brain examination is required
for diagnosis, either with computed tomography, or more preferred, MRI
140.13.134 © A" communicating hydrocephalus, with enlarged lateral and third
ventricles, is seen in subjects with iNPH. The ventricular enlargement can be
measured by the Evans score, measuring a ratio between maximal diameter of
frontal horns of the lateral ventricles and the maximal inner diameter of the
skull. An Evans score exceeding 0.3 is a sign of ventriculomegaly. Other fac-
tors to be assessed are callosal angle, enlargement of temporal horns, any mac-
roscopic obstruction of the CSF flow, periventricular signal changes, and dis-
proportionately enlarged subarachnoid space hydrocephalus due to widened
SylVian ﬁSSllreS 127-129,153,154,157.

23



CSF dynamic testing is recommended by the international guidelines to as-
sess if a patient with iNPH has the potential to respond to shunt surgery. The
most common is a large-volume lumbar puncture, also called the tap test,
where 30 — 50 ml CSF is removed to temporarily create a shunt effect. The
patient is examined just before the removal and 2 — 4 hours after the lumbar
puncture. The symptoms are observed, tested and documented. Impaired gait
is the symptom that is most likely to respond to the CSF removal '27-12:140.153-
135, Other accessible tests are CSF infusion testing, external lumbar drainage
and intracranial pressure (ICP) monitoring '2"-12%-140:155,

When the tests above indicate a functional alteration, i.e. iNPH, then VPS
insertion is the recommended treatment following the international guidelines
133134 During the shunting procedure, a catheter is placed through the brain
parenchyma into the right frontal horn of the lateral ventricle. The distal end
is positioned into the peritoneal cavity. Between the catheter ends, there is a
shunt valve normalising the CSF flow within the brain by opening when the
CSF pressure exceeds the physiological state 27129153,

According to the literature, 50 — 80% of patients improve in their initial
symptoms after the shunt surgery 2*!31:133-135137158 ‘When performed early in
the disease process, it improves the long-term quality of life and increases
survival %% Noteworthy, the incidence of iNPH, and thus hydrocephalus
surgeries, is increasing even in the oldest population '3%131133-135.137.158 Dyegpite
advances in diagnostics and successful treatment outcome of iNPH patients,
the mortality rate is still 2 —4 times higher than in the general population '*>'¢!,

Figure 5. Ventriculoperitoneal shunt in the brain of a subject with idiopathic Normal
Pressure Hydrocephalus. A. Radiology. B Post-mortem brain.

Neuropathological findings

During the last three decades, in a few centres around the world, tiny brain
biopsies have been sampled from patients with iNPH within the area of the
shunt channel, during the VPS surgery or ICP measurement '°*'%, There are
also a few studies describing neuropathological findings in PM brain tissue
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from patients with iNPH '*”'°_ Up to date, no neuropathological lesion, which
is characteristic of iNPH, has been identified. However, numerous publica-
tions describe ADNC within the brain tissue, surgical or PM, from patients
with iINPH 14%-162-169

The presence of ADNC is associated with worse shunt response after the
VPS surgery '*!'7°, The patients presenting with ADNC in their biopsies had
lower MMSE scores before surgery than patients without AD pathology """,
Furthermore, subjects without ADNC in their brain biopsy, but presenting
with cognitive impairment, displayed ADNC when re-biopsied '**. Several
studies have presented that a substantial number of subjects with ADNC de-
velop clinical dementia over time, predominantly of AD type, and ADNC per
se in the biopsy is the strongest predictive factor for developing AD
136165172173 * A PM study revealed that as many as 56% of iNPH subjects dis-
played various levels of ADNC at the neuropathological examination '®. In
line with this finding, a few studies describe progression of ADNC over time
in brain tissue, seen in the frontal cortical biopsies, followed by evaluation of
the PM brain tissue from a subject with iNPH "' This is in line with the
stepwise, architectural progression pattern of neurodegeneration seen in AD
41,44,48,61,80

Although there are only few groups in the world assessing the brain tissue
biopsies from patients with iNPH, they were able to produce valuable infor-
mation, repetitively displaying presence of ADNC in patients with iNPH and
progression of the pathology and clinical parameters of a dementing illness
136.162-167.169.173 'This indicates that substantial number of iNPH subjects also
suffer from AD. Additionally, these results may indicate that iNPH can be
considered as a model of early, prodromal stages of AD; consequently, pa-
tients affected would thereby benefit from early intervention not only with
regard to the CSF-dynamics but also to stop the progress of neurodegenera-
tion.

Aos

. 1 Lo P “
X T " " e TR o

Figure 6. A frontal cortical biopsy from a subject with idiopathic Normal Pressure
Hydrocephalus. A. Applying haematoxylin-eosin staining. B. Applying antibody
(Ab) towards Amyloid B. C. Applying Ab towards hyperphosphorylated t. Bar
200um.
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Ageing as a risk factor

In 2011, while assessing a large cohort of subjects, age ranging from 1 to 100
years, Heiko Braak and colleagues reported that ADNC indeed progresses
with age and that virtually all individuals at the age of 40 display HPt. They
further reported that at the age of 80, this pathology has reached the neocortex
in each individual. Regarding AP, only about 50 — 60% display this alteration
in their brain '°. In line with the above, several reports have shown that iNPH
also increases with age **"*!. This interpretation is further complicated by the
insight that there are numerous ageing related alterations that might interfere
with the clinical outcome in normal ageing and dementia ''#*1¢,

Besides the established proteinopathies such as AD, primary tauopathies,
synucleinopathies and transactive response DNA binding protein 43 causing
diseases (Frontotemporal lobar degeneration and Amyotrophic lateral sclero-
sis), several new entities have been recognised during the last decade, i.e. Pri-
mary Age Related Tauopathy (PART), ARTAG, and the most recent Limbic
predominate age-related TDP 43- encephalopathy (LATE) **'"*!75 Some
studies suggest that during ageing and development of a proteinopathy, an al-
tered protein can further promote other concomitant pathologies '’°.

Parallel with the proteinopathies, the cerebrovascular diseases and systemic
diseases can also have an effect on cognition '*!'*!77,

The complexity of ageing and dementia is acknowledged when performing
PM neuropathological examination, as most of the aged individuals display
two or more pathologies in their brains i.e. display mixed pathology and when
cognitively impaired, suffer from mixed dementia '®!'"'*!%176_ This is indeed
of interest in many aspects as the mixed pathologies can alter symptomatol-
ogy, complicate the clinical assessment leading to a clinical diagnosis, and
influence the choice of a treatment strategy.

The mechanisms of ageing and dementia are thus multifaceted and in need
of further studies. This is because the incidence of dementia is increasing in
the world, causing suffering at an individual level and raising concerns that
the healthcare system has not been able to offer a cure or at least symptom
relief treatment >,

Immunohistochemistry

IHC is a technique used in pathology, routine diagnostics and research to vis-
ualise specific proteins within cells and tissues using an antibody (Ab) — anti-
gen (Ag) mediated process '"*'*°. Routinely, the most used fixative is 10%
buffered formalin (4% formaldehyde) as it is the best preservative of morphol-
ogy within the tissue '*"'*2, During the fixation procedure, formalin penetrates
the tissue, binds to proteins, i.e. the Ag of interest, and crosslinks these with
unrelated proteins, thereby blocking the epitopes within the Ag and changing
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their molecular structure '”*. When fixed, the tissue is embedded into paraffin

blocks to facilitate storage and handling of the tissue '*. The blocks are cut
into 3 to 10 pm thick sections, which are de-paraffinised with xylene and re-
hydrated through alcohol treatment. Antigen retrieval (AR) is performed to
reverse the block of Ag caused by formalin fixation. There are both enzy-
matic- and heat-induced AR methods. The heat-induced AR is most common,
where the tissue is heated while being treated in high or low pH buffers
178182184 Tn some cases of manual staining, blocking of endogenous Fc-recep-
tors can be performed to prevent non-specific binding of the Ab and thereby
background staining '®. The most important step in IHC is choice of a specific
and reliable Ab. Abs can be monoclonal or polyclonal. Monoclonal Abs orig-
inate from one B-cell, recognise one epitope of an Ag that eventually has high
specificity and display less background staining. Thus, generally, several
commercial monoclonal Abs are tested prior to use. The polyclonal Abs are
produced by several B-cells, recognising numerous epitopes of an Ag, thereby
having higher affinity but also risk of unspecific binding due to reactivity with
similar epitopes '"'®2. To visualise the Ab-Ag reaction, different detection
systems (DS) can be used. Briefly, the Abs are labelled with a chromogen,
which as a result of the Ab-Ag binding undergoes an enzymatic reaction and
produces a colour signal. The DS can be one — three step reactions. The DS
used in our studies is currently the most recommended, polymer-based 2-step
method, where the primary Abs bind to secondary Abs, bound to a polymer
structure with multiple chromogen molecules '7*'%¢. It is a simple method with
high sensitivity and low risk of background staining.
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Figure 7. The process of immunohistochemistry. A. Direct method. B. Polymer-
based method.

The outcome of IHC depends on all the steps mentioned above, but pre-ana-
lytical factors also have to be considered. Cold ischemia time i.e. time the
tissue stays at room temperature before being put into a fixative, the fixation
time (FT), type of fixative, type of paraffin i.e. melting temperature, storage
time in blocks, the section thickness (ST), storage time of cut sections, AR
technique, the choice of Ab used and DS are all crucial factors during the IHC
process '"%182184186¢191 1 the field of neurodegeneration, there are additional
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factors, as the tissue is assessed PM, i.e. agonal state and post-mortem delay
(PMD), which affect the quality of tissue, i.e. epitopes and thereby the out-
come of the staining '#719%1%,

To produce reliable, reproducible, IHC results, the process should be per-
formed using standardised protocols '”°. Automatic IHC platforms are gaining
popularity within clinical practice due to consistent quality of staining when
using manufacturer’s settings for the apparatus, pre-fabricated buffering solu-
tions and ready-to-use Abs. This mode of action is certainly helpful to elimi-
nate human error; however, it lacks the transparency of the methodology that
is desirable to reproduce a staining for research purposes, where the manual
mode of action should be preferred.

One should be aware of eventually altering the staining protocol while as-
sessing a surgical sample and PM material. Some epitopes of interest might
be damaged by various pre-analytical variables, leading to false negative out-
come and thus cannot be assessed in PM tissue. Contrary to the above, a sur-
gical sample is well preserved and thus gives an option to assess a number of
alterations previously not assessed in AD or iNPH, thus, eventually identify-
ing a hallmark lesion of iNPH.
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A1ims

Overall aims

The purpose of this work was to characterise ADNP, neuronal population,
glial- and inflammatory markers in surgically sampled brain tissue from pa-
tients with iNPH. Specifically, the aim was to investigate how these different
variables influence one another and how they are affected by the patient’s age
and gender. An additional aim was to see how those parameters are affected
by disease duration from the point of the biopsy until death. We also aimed to
identify IHC manuals to enable the comparison of surgical and PM brain tis-
sue samples needed to realise this project.

Specific aims

I

II

I

v

To assess how different ST influences the outcome of IHC ap-
plying Abs towards ADNC, neuronal, glial and inflammatory
markers, on PM brain tissue.

To investigate changes in ADNC, neuronal-, glial- and inflam-
matory markers during a time frame of 21 months, within the
brain parenchyma from a patient with clinical diagnosis of
iNPH and AD.

To assess morphometrically and evaluate ADNC and the neu-
ronal population in cortical brain biopsies, obtained during cu-
rative VPS insertion, from subjects treated for iNPH.

To evaluate different variants of AP and their association to
HPz in brain biopsies from iNPH subjects and within a tissue
micro array (TMA) containing brain tissue samples from sub-
jects with different stages of AD.
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Materials and methods

Patients

The project and thus all the included studies were authorised by the regional
Ethical Committee in Uppsala, Sweden (#2013/176 updated 2016 and
#2011/286 updated 2015). An informed consent to use the diagnostic tissue
for scientific purposes had been given by the patients or their close relatives.

The studies were performed on brain tissue obtained surgically (study II,
IIT and IV) or PM (study I, II and IV). The surgical biopsies were obtained
from iNPH patients, treated with curative VPS insertion, at Uppsala Univer-
sity Hospital (UUH) during 2010 — 2018. The PM brain samples were ob-
tained during neuropathological examination at the UUH during 2011 —2013.

The study in papers I and II was performed on brain tissue from the same
subject, a female with a clinical diagnosis of iNPH and AD. In paper I, only
the PM brain tissue, obtained during 2011, was assessed. In paper I, the pa-
thology assessed was compared in both surgical biopsies, obtained in 2010
and PM brain tissue from the same subject.

In paper 111, the cohort included 95 subjects out of 364 biopsied during the
VPS insertion during 2010 and 2016. The selection criteria were age range
between 75 — 79 years, independent of the pathology seen in their biopsies.

Paper IV included brain biopsy samples from 127 subjects out of 448
treated during curative VPS insertion at UUH. The selection criteria were no-
table AP pathology in the diagnostic biopsy and age 70 years or older (70 — 88
years) at the time of the biopsy.

Clinical assessment

The information regarding clinical assessment of the female patient described
in papers I and II was obtained retrospectively. The patient underwent a stand-
ardised investigation at her local hospital, including clinical examination and
assessment of her cognitive status as well as blood samples and imaging. The
patient was investigated by a multidisciplinary iNPH team at UUH, which in-
cluded a neurosurgeon, neurologist, physiotherapist and occupational thera-
pist. The team assessed and evaluated her motoric and cognitive functions;
beyond the CSF analysis, a CSF dynamic test was performed. According to
local routines at UHH, the patient was additionally evaluated by the iNPH

30



team, 3 and 12 months after the shunt insertion to assess the treatment outcome
and shunt function.

Sampling

In papers II, III and IV, brain biopsies were obtained during the VPS shunt
insertion from an area of superior or medial gyri of the right frontal lobe, as
previously described '%'°. The biopsies were fixed in 10% buffered formalin
(4% formaldehyde) for 24 hours at room temperature. Thereafter, the tissue
samples were embedded into paraffin blocks (Histowax from Histolab Prod-
ucts), cut into 4um thick sections, and placed on the Super Frost slides for HE
and Super Frost Plus slides for IHC stainings.

In papers L, I, IV, PM brain tissue was also assessed. In papers I and 11, the
autopsy was carried out at a County hospital in Uppsala-Orebro region, Swe-
den. The PMD was four days. The brain was placed in 10% buffered formalin
(4% formaldehyde) for 46 days, stored at room temperature and shipped to
UUH for neuropathological examination.

In paper IV, the PM brain tissue was obtained from 19 subjects, whose
brains underwent a neuropathological examination at UUH during 2011 —
2013. The brains were fixated in 10% buffered formalin (4% formaldehyde).

All PM brains (papers I, I and IV) were assessed macroscopically and were
sampled according to a standardised procedure. The regions sampled were as
follows: 1. Frontal cortex; 2. Temporal cortex; 3. Gyrus cingula; 4. Parietal
cortex; 5. Motor cortex; 6. Occipital cortex; 7. Anterior hippocampal forma-
tion; 8. Posterior hippocampal formation; 9. Basal forebrain with amygdaloid
body; 10. Striatum with insular cortex; 11. Thalamus; 12. Mesencephalon; 13.
Pons; 14. Medulla oblongata; 15. Cerebellar vermis and nucleus dentatus and
16. Cerebellar cortex. In paper II, an additional region was included and sam-
pled, namely, right frontal cortex with a shunt channel. The samples were pro-
cessed into paraffin blocks and sectioned. All samples were primarily sec-
tioned into diagnostic 7pum thick sections and placed on the Super Frost slides
for HE and Super Frost Plus slides for IHC stainings.

For diagnostic purposes, all cases were assessed following international
criteria regarding the AB-, HPt-, a-synuclein and TDP43 pathology *'***1%,

For scientific purposes, in paper I, the sample from the right frontal cortex
without a shunt channel was sectioned into 4 pm and 7 pm thick sections and
placed on Super Frost Plus slides for further IHC analyses.

In paper 11, samples for the analysis were chosen from two adjacent regions,
i.e. a sample from the frontal cortex without shunt channel and a sample from
the frontal cortex with the shunt channel. The blocks were sectioned into 4um
thick sections and placed on Super Frost Plus slides for IHC stainings.

In paper 1V, a tissue micro array (TMA) block was constructed, where each
of the 19 subjects was represented by two cores, measuring 2 mm in diameter,
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from the amygdaloid complex. The TMA block was then sectioned into 4um
thick sections and placed on Super Frost Plus slides for IHC stainings.

Immunohistochemistry

The IHC was performed both manually and using an automatic platform. Man-
ual staining was applied in papers II and III using the BrightVision detection
system (IL Immunologic, Duiven, Netherlands) with Romulin AEC for anti-
gen detection (BioCare Medical, Pacheco, CA, USA). The automatic staining
procedures applied in all papers were performed according to manufacturer’s
instructions on Dako Autostainer Plus or Dako OMNIS using Dako EnVision
Flex detection system (Dako Cytomation, Glostrum, Denmark). The Abs used
in the studies, the pretreatment regiments and the platform used are summa-
rised in table 1.

In paper IV, two of the antibodies, namely the pAB'®*¥!! and AB™P°, were
generated by one of the co-authors as previously described . These antibod-
ies required additional treatment strategies to optimise the outcome of the
staining. When applied on PM sample, the pAB'®F!" Ab was incubated over-
night at 4°C; for the detection, a mouse linker was applied for 20 minutes. In
contrast, when applied on a brain biopsy, the pAB'®*F!! primary Ab was ap-
plied 2 x 30 minutes, followed by mouse linker for 20 minutes, followed by
using Dako EnVision Flex Kit and 2 x 5 minutes DAB (Horseradish Peroxi-
dase included in Dako Envision Flex Kit). When applying the AR™"® Ab, a
rabbit anti-rat Ab was applied for 30 minutes before the Dako Envision Flex
Kit.
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Assessment strategies

All samples were assessed using light microscopy (Olympus BX45) at x20 to
x400 magnification. All slides included in the papers were then scanned into
digital slides, in ScanScope virtual slide format, at x200 magnification using
Aperio AT2 (Leica Biosystems, Inc)

In papers I — 111, all the samples were morphometrically analysed, while in
paper IV only a subset of samples was morphometrically analysed to harmo-
nise different assessment strategies. The positive pixel count (PPC) algorithm
(version 9.1) within the Aperio ImageScope software (Leica Biosystems) was
applied for the morphometric image analyses. One parameter in the software,
“The intensity threshold (Upper Limit) of WEAK positive pixels” was in-
creased from 250 to 255 when performing an analysis. All other parameters
remained pre-set in the software.

In papers I and II, the algorithm was applied on PM brain samples where
two grey matter areas, measuring 4 mm?, were analysed. In the biopsy samples
in paper II, the whole grey matter area was assessed and measured in mm?. In
papers 1l and IV, the algorithm was applied on the grey matter in each biopsy,
excluding the CAA and molecular layer when present in a biopsy.

A customised colour code visualised the pixels with different staining in-
tensities within a sample. Negative pixels were blue, weak staining was
marked in yellow, moderate in orange and strong stained pixels were brown.
The IR pixels within the assessed area were counted and transformed into a
stained area in mm?. In papers I and II, all positive pixels within a sample, i.e.
yellow, orange and brown were incorporated in the final analysis.

In papers III and IV, the number of pixels was chosen according to the
intensity and quality of the staining, as well as the compartmentalisation of
the protein of interest. The sum of all positive pixels was accounted for when
assessing AB. The moderate and strong positive pixels were assessed in HPt
and embryonic lethal abnormal visual system proteins 3 and 4 human homolog
HuC/HuD (HuC/HuD) stainings. Strong positive pixels were only assessed
for Neuronal Nuclei (NeuN) and synaptofysin (SYP) stainings.

The final results are the ratio between the stained IR area per total area
analysed, given as stained area fraction (SAF) x 100 in per cent. When two
separate regions were analysed within a sample, as in papers I and 11, a mean
value of SAF was calculated for the given sample.

In paper IV, a semi-quantitative assessment strategy of the pathological al-
terations was used on the whole iNPH cohort and the TMA with samples from
PM brains. The whole grey matter area was assessed in the biopsy samples,
including molecular layer and CAA. In the TMA, the whole cores were as-
sessed. When the extent of pathology differed between the two cores from the
same subject, the core with highest extent of pathology was included in the
final analysis. The extent of pathology was graded from 0 to 3, where 0 = no
pathology, 1 = low level of pathology, 2 = moderate level of pathology and 3
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= high level of pathology. When assessing the extent of HPt pathology, as
visualised in figure 8, grade 1 was assigned when a single or a few HPt reac-
tive granules or threads were present in the grey matter area. Scattered gran-
ules and threads and a few tangles were seen when grade 2 HPt pathology was
seen. When abundant number of neurites and several tangles were seen within
a biopsy, the sample was deemed to be representing a grade 3 HPt pathology.
While assessing A staining outcome, when a single — couple aggregates were
seen in a biopsy, the sample was assigned as being grade 1. Grade 2 was as-
signed when scattered AP aggregates were noted in the grey matter. When
abundant A aggregates were present, the sample was assigned as being grade
3.
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Figure 8. Grading of pathology in frontal cortical biopsies from subjects with iNPH
(paper IV). In A-C, there are various grades of hyperphosphorylated t pathology: A.
grade 1, B. Grade 2 and in C grade 3. In D-E, there are various grades of amyloid
pathology: D. grade 1, E. Grade 2 and F. Grade 3. A-C bar 50um and D-F bar 100
um. Figure adapted from paper IV, Libard et al, 2021, in press in Journal of Alz-
heimer’s Disease, with permission.

Statistical analysis

In papers I and II, the analysis is calculated in per cent. In papers Il and 1V,
IBM SPSS statistics were used to perform the statistical analyses. To describe
the cohort, means and standard error of means (M*SE) tests were applied.
Non-parametric tests, such as Mann Whitney U test (MWU), Kruskal Wallis
test (KWT) and Wilcoxon signed-rank test (WSRT) were used to evaluate dif-
ferences between groups. The non-parametric Spearman’s rho two-tail test
was applied to define correlations between the studied variables.
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Results and discussion

Paper I

In this paper, we studied how different section thicknesses affect an outcome
of IHC when applying Abs commonly used while assessing brain alterations,
both in surgical biopsies and PM. The results when assessing the performance
of these Abs in 4 pm and 7um thick sections from PM obtained frontal lobe
of the brain are summarised in table 2. In addition to the SAF, we observed
that the staining intensity was stronger in the thicker sections. The staining
intensity did not affect the outcome of the SAF analysis as all positive pixels
were included in the analysis, independent of their intensity.

IHC is a protein visualisation technique used in clinical pathology and in
research '"”'*°_ Various characteristics of the tissue and the method applied for
the analysis, i.e. cold ischemia time/PMD, fixative, FT, type of paraffin, stor-
age time and temperature, choice of Ab, AR technique and DS, can alter the
outcome of THC 7812193 There are, however, several differences in manage-
ment of surgical brain biopsies and PM brain tissue for routine diagnostics;
one of them is the ST used, i.e. 4um for surgical samples and 7 — 15um for
PM brain tissue **'”. The effect of ST on IHC staining outcome has been
previously described in peripheral organs, where cancer markers were studied
in 2, 4, 6 and 8 um thick sections; in those studies, a difference of 2um in ST
could influence the outcome '*°.

In our setting, the expression of all the markers, routinely used in diagnos-
tics of various CNS alterations, increased with ST (table 2).

In the context of neurodegeneration, the changes we observed regarding the
extent of ADNC expression can affect the interpretation of the grade of the
pathology and in worst case result in an inaccurate diagnosis. The AP pathol-
ogy increased by 41% in the 3um thicker section. This result can affect the A
pathology staging if the ST is not what is recommended, as the difference in
staining outcome within the defined area can lead to incorrect, false negative
outcome and thus lower Thal phase ®'. HPt pathology increased with 15% in
the thicker section. Thus, if the current recommendations are not followed, the
outcome can be false negative in an area of interest and can affect the Braak
staging *. Altogether, if the ST is not taken into consideration, the outcome
might be false low ADNC staging; moreover, if the AP pathology is misinter-

preted in the cortical areas, there may also be an incorrect diagnosis of PART
41,42,175
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Table 2. Stained area fraction (SAF) in per cent in 4pm and 7pum thick sections from
the frontal cortex. Table adapted from Libard et al. 2019 % with permission.

4pm 7um

Protein SAF
Synaptophysin 86 91
Neurofilament H Sternberger-Meyer Immunocytochemicals 5 10
32 (SMI32)
Glial fibrillary acidic protein (GFAP) 78 86
CD68 2
Human leucocytic antigen -DR (HLA-DR) 6 9
Ionized calcium-binding adaptor moleculel(Ibal) 3 5
Amyloid B (AB) 16 27
Hyperphosphorylated t protein (HPt) 61 72

We assessed two different neuronal markers: SYP and neurofilament H 32
(SMI32). SYP is the most important synaptic marker routinely used in re-
search and clinical practice, as it is a well-characterised protein located in the
presynaptic vesicles ''*. SMI32 is a non-phosphorylated neurofilament pro-
tein, a neuronal cytoskeletal marker '*'. Both SYP and SMI32 increased with
thickness section, which can affect the interpretation of synaptic damage and
neuronal loss, commonly seen in AD '%,

Glial fibrillary acidic (GFAP) protein is an astroglial marker, extensively
used in neuropathology *2. Astrocytes have a multi-layered role in the brain
and neurodegenerative disease, and a misinterpretation of the GFAP staining
outcome can affect the assessment of the process *>*°.

We assessed three microglial markers: CD68, a transmembrane protein lo-
cated in cytoplasmic granulae in macrophages and microglia; Human Leuco-
cytic Antigen — DR (HLA-DR), a MHC class Il cell surface receptor; and lon-
ised calcium binding adaptor molecule 1 (Ibal), an inflammatory factor lo-
cated in the microglial cytoplasm ', All microglial markers increased with
ST. In the setting of AD, inaccurate assessment of inflammatory markers can
affect the interpretation of the inflammatory process closely associated with
the neurodegenerative changes '*%!%,

Standardised protocols when assessing pathological changes, in particular
neurodegenerative alterations, are of great importance for intra- and inter-la-
boratory reproducibility, in clinical practice and research. As the extent of the
pathology and neuroanatomical regions affected are of great importance when
assessing neurodegenerative changes, a cooperation of 30 neuropathologists
within the BrainNet Europe consortium assessed different proteinopathies in
the brain. When the same section was assessed, the agreement rate was 80 —
90%; however, when stainings were performed in different centres, the agree-
ment rates decreased to 50 — 80% **°. Based on our findings, the result would
drop even more if the ST were to vary.
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Another factor for consideration, which has not previously been described,
is the size of the Ab used. The most common Abs in IHC are of IgG type, with
a weight of 150kDa and measuring 4x8.5x14.5 nm ', When constructing
an Ab for IHC, other molecules are added to the IgG, thus changing the
weight, molecular structure and probably also the ability to diffuse into a tis-
sue sample '"*. We were not able to acquire information regarding the size of
the commercial Abs used in our study.

A tissue section for IHC contains various cellular structures. When the
thickness of the section increases, additional structures/epitopes are accessible
for Abs in the three-dimensional tissue block and thus can influence the extent
and intensity of the staining as seen here '°!. When performing an IHC stain-
ing, the manufacturer’s recommendations regarding the ST should be consid-
ered as the changes in the IHC outcome with various ST, as seen in our study
and by others, can affect the extent of pathology, number of IR cells and the
definitive diagnosis '°.

In conclusion, IHC method is commonly used in diagnostics today; further-
more, automatic stainers are used in most larger laboratories to standardise the
outcome. This might lead to a presumption that clinicians who assess the
stained slides can be confident regarding the staining results. This is however
a false interpretation of the situation, since the biological tissue is influenced
by numerous factors as described above. In addition, there are numerous steps
prior to the use of the automatic stainer that can alter the outcome. Nonethe-
less, these aspects stated above have not been fully acknowledged.

Paper 11

Here, we investigated the changes in the expression of ADNC, neuronal-,
glial- and inflammatory makers that occurred during 21 months in the brain
of a female patient with concomitant iNPH and AD. The summary of the dis-
ease process, the clinical assessment, treatment and follow-up are summarised
in figure 9.
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Figure 9. Flowchart. Figure adapted from Libard et al. 2018 169 with permission.

Neuropathological assessment

The stereotactic biopsy acquired from the right frontal lobe of the brain,
during the curative VPS insertion, included both grey- and white matter.
Within the grey matter, there were neurons with basophilic, intrasomatic ag-
gregates; within the white matter, diffuse gliosis was seen. No other patholog-
ical changes were seen in the HE staining. When performing IHC analysis,
HPz reactive tangles were observed in the neurons and numerous neurites
were seen in the neuropil. Diffuse and compact, extracellular, AP aggregates
were seen in the grey matter. CAA was not detected (Figure 10). Additionally,
one neuron contained intracytoplasmatic TDP43 IR granule.

The PM brain weight was 1140g in fixed condition. The shunt was located
in the right frontal lobe and at sectioning the shunt tip was placed in the ven-
tricular system. No macroscopic alteration has been noted. A standardised as-
sessment of the neurodegenerative markers revealed AP pathology of Thal
phase 3 and CAA type 2 °"%!. HPt pathology was consistent with Braak stage
V, and ARTAG and concomitant TDP43 pathology corresponded to Josephs
stage 3 **821% Synuclein pathology was not detected in predilected areas *°.
The section from the area with the shunt revealed a 2mm wide channel, sur-
rounded by 4 — 6mm area of reactive changes, including reactive gliosis and
inflammatory response with foamy macrophages and scattered lymphocytes
(Figure 10).
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Figure 10. Sections of frontal biopsy (A, D, F, H and J) and post-mortem acquired
samples from the frontal cortex without shunt channel (C, E, G, I and K) and with
shunt channel (B) when applying haematoxylin-eosin staining (A-C) and antibodies
towards hyperphosphorylated t (D-E), amyloid B (A) (F-G), AB40 (H-I) and AB42
(J-K). Cerebral amyloid angiopathy in I. Bars A-C Smm, D-K 50um. Figure adapted
from Libard et al. 2018 '%° with permission.
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Comparison of pathology at two time points

The performance of the Abs studied here as SAF, within the biopsy and the
PM brain tissue from the frontal cortex, with and without shunt channel, is
summarised in table 3.

Table 3. Stained area fraction (SAF) in per cent in frontal brain biopsy and post-
mortem assessment of frontal cortex with and without shunt channel. Table adapted
from Libard et al. 2018 '%° with permission.

SAF in percent

Protein Biopsy  Frontal cortex  Frontal cortex
specimen without SC with SC

Synaptophysin 95 86 88

Microtubule associated protein 2 85 35 84

Neurofilament H Sternberger- 62 5 19

Meyer Immunocytochemicals 32

Embryonic lethal abnormal visual 26 10 19

system proteins (nELAV) 3 and 4

human homolog HuC/HuD

Glial fibrillary acidic protein 79 78 74

CD68 22 3 3

Human leucocytic antigen -DR 9

Ionized calcium-binding adaptor 7 3 5

moleculel

Amyloid B (AB) 18 16 12

AB40 30 49 46

AP42 37 25 13

Hyperphosphorylated t protein 44 61 42
Shunt channel (SC).

All the neuronal markers assessed decreased significantly with time. Synaptic
damage is an early event in the setting of AD, associated with the disease pro-
gression and cognitive symptoms and ongoing during the course of the disease
107.108.114.197 "Thjg is in line with our results, as a decrease of SYP IR was de-
tected during 21 months in a subject with high level of ADNC. MAP2 — a
microtubule associated protein located primarily in the dendrites, SMI32 — a
structural neurofilament protein and HuC/HuD — a protein involved in post-
transcriptional neuronal differentiation, only located in the neurons, all de-
creased with time in the studied subject '?"'**2%_ This correlates with our re-
sults reflecting the neurodegenerative process of AD, resulting in progressive
neuronal loss until the end stage of the disease '%%!'%197:201.202,

We observed that in parallel with the neuronal loss, the extent of HPt pa-
thology increased over time, a result that is well supported by the progressive
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nature of the disease affecting different neuroanatomical regions in a prede-
termined order, constantly increasing in extent (figure 10)'>**#°. The increas-
ing signs of neurodegeneration, as observed here, suggest that subjects with
AD would benefit from anti-apoptotic/neuroprotective treatment even at the
end-stage of the disease .

AP pathology was stable and AB42 decreased in our subject, probably due
to the fact that cortical areas of the brain are the first to be affected in the
predisposed propagation of AP; also, the cortical regions are probably satu-
rated when reaching Thal phase 3, as previously described ¢''°. AB40 in-
creased with time due to the CAA seen at PM examination but lacking in the
biopsy (Figure 10). CAA primarily affects meningeal vessels, and meningeal
coverings are seldom present in tiny iNPH biopsies >’.

GFAP THC visualised extensive gliosis in the brain parenchyma of our pa-
tient, which was stable over time. Astrocytic activation in association with
ADNC is an early event in AD, and most studies describe the increase of glio-
sis in parallel with the progression of AD *'%1% To our knowledge, the pro-
cess has not been studied longitudinally in human tissue specimen but was
observed previously in an animal model, where the gliosis increased at the
beginning of the neurodegenerative process but then levelled off ™. Also, a
longitudinal imaging study revealed that in sporadic AD, the glial activity was
increased in AD subjects in comparison with controls, but stayed stable over
time, further supporting our results 2%,

We observed signs of microglial activation in our subject, both in the bi-
opsy specimen and PM, but all the microglial markers decreased with time.
This is contrary to previous studies, where the inflammatory markers mirrored
the increase of ADNC **192194.206 However, to our knowledge, a longitudinal
observation of microglial activity in the same subject has not been performed.

The inflammatory process in AD is well acknowledged, but trials of regular
intake of anti-inflammatory treatment in AD subjects have not resulted in the
anticipated effect '®®. Our observation here, in a subject at the end-stage of the
disease, with decreasing microglial activity and rather stable astrocytosis, sup-
ports these trials. Neuroinflammatory responses seem to start early in the pro-
cess of neurodegeneration, which is why early introduction of anti-inflamma-
tory treatment could delay the event as observed in some studies ?*'*1%,

VPS shunt insertion is the only treatment available in subjects with iNPH
127.155 Here we were able to assess the changes occurring in the area surround-
ing the shunt channel, revealing tissue damage located directly in association
with the channel and where reactive changes around it were sparse. This fur-
ther motivates the treatment strategy as it increases the patient’s quality of life
160.161 "The biopsy was taken directly from the area of the shunt channel, thus
not causing any additional damage in the brain, which is why this diagnostic
approach is highly motivated.

In conclusion, the neurodegenerative process of AD is progressing even at
the end stage of the disease, suggesting that anti-apoptotic and neuroprotective
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treatment would be beneficial. The AP pathology was stable in the frontal cor-
tex, as the cortical areas are saturated at the end stage of the disease. The in-
flammatory response seems to decrease in the final stages of AD, as previ-
ously shown in several anti-inflammatory drug trials. Obtaining a diagnostic
brain biopsy during symptom-relieving VPS insertion is recommended, as the
tissue damage within the biopsied area is negligible. Moreover, the infor-
mation obtained from the neuropathological assessment can offer the patient
specialised care and targeted treatment options. PM examination of brain tis-
sue from subjects with iNPH should be mandatory.

Paper 111

In this paper, we studied expression of ADNC and neuronal markers in a co-
hort of 95 iNPH subjects, aged from 75 to 79 years old.

Substantial number of subjects displayed ADNC, as 63% displayed A}
(SAF ranging from 1% to 27%), 61% displayed HPt (SAF ranging 0.02% to
19%), and concomitant ADNC was seen in 49% of subjects. The span in the
expression of ADNC markers is visualised in figure 11.

Figure 11. Frontal cortical biopsies from subjects with idiopathic Normal Pressure
Hydrocephalus when applying antibodies towards Amyloid B (A-D) and towards hy-
perphosphorylated T (E-H). Results of positive pixel counts algorithm as stained area
fraction were as follows: in B 1%, D 27%, F, 0.05%, H 19%. Bar 50um. Figure
adapted from Libard et al. 2019 '*° with permission.

ADNC and AP pathology, in particular, are in line with previous observations
in an iNPH population, contrary to HPt pathology, which is significantly
higher in our cohort '>1+1 This can be explained by the age of the subjects
included in the studies. Our main inclusion criterion was age range between
75 and 79 years, an age group predilected to display ADNC in the brain, in
line with the neurodegenerative process of the disease. Other publications,
however, included subjects within an age range from 28 to 87 years '*'%,
Moreover, the assessment method we used has probably influenced the result.
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We used a morphometric analysis, while others assessed the pathology semi-
quantitatively; the digital method is more sensitive than the naked eye '
Here, we even assessed occurrence of small grains as a positive result, but the
assessment criteria of neurofibrillary change have not been described in detail
by others '®*'® The extent of HPt pathology was low in our cohort, as 81%
of the biopsies displayed a SAF <1%; however, if those were to be excluded,
our results would be comparable with others '®.

ADNC was observed in more females than males. The extent of the HPt
pathology and at a borderline level, also AP pathology, was higher in females.
This is in line with previous observation in PM brains of AD subjects, as fe-
male sex is one of the risk factors of AD %!8207,

Both hallmark lesions of AD increased with age, correlated with each other
and correlated with age at a borderline level as summarised in table 4. This is
in line with the anatomical and age associated neurodegenerative process of
AD and corresponds with the studies claiming that substantial number of
iNPH subjects develop AD with time '>-6!:80-136.173,

Table 4. Correlations P using Spearman’s rho test, significance at the 0.01 level. Ta-
ble adapted from Libard et al. 2019 #° with permission.

All Female Male
Number 96 45 50
Age/AB 0.19%07 0.26%07
Age/HPt 0.180-08
Age/NeuN 0.490-000 0.420-004 0.510-000
AP/ HPt 0.580-000 0.640-000 0.470-001
AB/NeuN 0.28006
NeuN/HuC/HuD 0.270010 0.260-06

In our cohort, we observed notable neuronal survival but also loss of ma-
trix/synaptic density in the grey matter. The two neuronal markers correlated
with each other; one of them, NeuN, correlated and increased with age, while
the synaptic marker seemed to diminish in association with higher neuronal
density (table 4, figure 12).

Synaptic alterations are described in normal ageing and in various neuro-
degenerative diseases. Synaptic damage and loss occur early in AD, induced
by ADNC and are associated with the propagation of altered proteins and cog-
nitive symptoms and cerebral atrophy '°"!1%!1® The depletion and loss of syn-
apses in the setting of AD are well documented, and SYP is a reliable synaptic
marker ',

We assessed the synaptic density in a few samples only, disregarding the
subject’s age or ADNC pathology. The result suggests that synaptic altera-
tion/loss precedes the neuronal damage also in our cohort of iNPH subjects,
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as previously observed in AD "3 The assessment of synaptic density in
subjects with pure iNPH is, to our knowledge, not yet described.

Majority of the subjects studied here displayed a low extent of HPt in their
cortical brain biopsies, which, with concomitant AP pathology, is in line with
low/intermediate level of ADNC, according to the international diagnostic cri-
teria, i.e. early in the neurodegenerative process *'**. The early stage of neu-
rodegeneration and signs of neuronal preservation in iNPH subjects suggest
that these patients would benefit from HPt targeting-, neuroprotective- and
antiapoptotic therapies and initiation of contact at a memory clinic ¥2%22%,

By ¢

Figure 12 Frontal cortical biopsies from subjects with idiopathic Normal Pressure
Hydrocephalus when applying antibodies towards NeuN in A (stained area fraction
(SAF) 5%) and C (SAF 10%) and towards synaptophysin in B (SAF 86%) and D
(SAF 90%). Bar 50um. Figure adapted from Libard et al. 2019'% with permission.

Paper IV

Recently, it has been described that biochemical changes of AB occur in a
hierarchical manner in AD and are associated with cognitive decline **"°. Here
we studied the presence of biochemical A variants in 127 iNPH subjects, age
range 70 to 88 years and notable AP pathology, as well as a TMA, including
PM brain tissue from 19 subjects with various levels of ADNC.

We noted that in our cohort with notable AP pathology, 91% also displayed
HPz. As in paper III, the presence of neurofibrillary changes is higher than
described by other groups '**'%_ Here, besides the age of the studied subjects
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and methodology used, as discussed in paper 111, one of the inclusion criteria,
i.e. subjects with a notable level of AP pathology, could also affect this out-
come. Based on the PM data, HPt pathology is not expected to be seen in the
cortical areas of the brain at early stages of ADNC, when the A is sparse, i.e.
Thal phase 1°'*°. Thus, by excluding the cases with low level of Ap, it proba-
bly also affected the prevalence of HPz. It is worth noting, however, that pre-
vious reports did not describe in detail the extent of the Ap pathology studied
164,165,172

All proteins assessed in our cohort increased with age, in line with the bio-
logical process of ADNC (table 5) '*'¢. Unexpectedly, a slight decrease in the
protein expression was seen between age group 2 and 3, but only in females.
However, it is not known whether this is related to the fact that female sex is
a risk factor to develop AD and in the oldest population, in our cohort, only
the subjects with lower ADNC levels that were not prone to develop AD were
biopsied '®. In addition, other secondary processes in the brain, such as inflam-
mation, vascular disease or effect of different medications, could affect the
outcome %1%,

In our study, all subjects displayed the pyAp in their brain samples, and the
PAP was seen in 98% of the samples. Additionally, the extent of pyAP was
significantly higher in all age groups than pAf (table 5). This is in line with
the hierarchical process of Af biochemical changes, previously described in
PM brain tissue from subjects with AD and DS ®*°. We were not able to per-
form the biochemical staging in our study, as all samples with low A pathol-
ogy were excluded from the cohort. The biochemical A variants studied here
have been associated with neurotoxicity and increased ability to aggregate,
and according to previous studies are associated with cognitive symptoms
31626870 The high prevalence of pyAB and pAB in our cohort and the HPt
pathology seen within the same population indicate that the level of ADNC in
iNPH subjects with notable A pathology reaches rather an intermediate level,
according to international criteria *'*%,
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All the proteins assessed here correlated with each other in the whole cohort.
In the two oldest groups, where the ADNC pathology was more advanced, a
significant association was seen between the HPt and the modified A vari-
ants, contrary to the two general AP markers. This is in line with a previous
study, where an association of pyAp and HPt was observed in frontal cortical
areas of the brain in a PM brain cohort and the pyAp, in particular, associated
with AD *.

We also assessed the prevalence of AP variant without py or p modifica-
tions at the N-terminus, i.e. AB™™P% (umAB) . This variant increased with
age and correlated with other AP clones and variants as well as with HPt. This
reflects the complexity in the composition of AP aggregates in iNPH and AD,
when different post-translational modifications alter the properties of the pro-
tein and its ability to participate in the disease process as well as the possibility
to find new treatment targets "%,

The composition of AP aggregates is quite interesting when observed in
tiny brain biopsies from iNPH subjects and indicates that the ongoing ADNC
process is indeed the same as in AD. This is in line with, as previously de-
scribed, the observation that A is the strongest factor for worse shunt re-
sponse and development of AD %173,

In addition to the iNPH cohort, we assessed all the proteins in a reference
TMA, containing samples from 19 PM brains with various levels of ADNC
(table 6).

In line with previous studies, we have seen an increase of pyAp and pAp
with increasing level of ADNC, the extent of the pyAp always being higher
than pAp, thus confirming the hierarchical changes of A aggregates as pre-
viously described in PM brain tissue of AD and DS and in our iNPH cohort
68-70

In summary, our results regarding the biochemical variants of AP in iNPH
links the pathology in iNPH with AD. Some 60% of all iNPH subjects do
display AP in their brain, and these subjects should, based on our results, be
considered as suffering from AD in various clinical stages. This observation
suggests that maybe all iNPH subjects should also be assessed by applying
PIB analysis (those not been biopsied) to facilitate referral to the most com-
petent caregiver.
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Strengths and limitations

The main limitation in papers I and II is the fact that only one case was studied.
Despite this weakness, the information acquired was of high value in paper I,
as we could show the importance of standardised procedures when handling a
tissue for an analysis, to provide a correct assessment and diagnosis. In neu-
ropathology, the surgical samples are routinely 4um and the assessment of PM
brain tissue is performed on 7um thick sections. To compare the extent of
pathology in these two sample types, a uniform ST is warranted.

In paper 11, the diagnostic PM brain tissue was only available in one case.
Unfortunately, the autopsy rates have been decreasing in the industrial world
and especially when there is a known underlying disease in older population,
the autopsy is considered by some as not of interest >*”. Nonetheless, the in-
formation acquired in paper II is a unique insight into an ongoing disease pro-
cess at the end-stage of AD, valuable for consideration when critically reading
the literature, planning future studies or considering a treatment strategy in
clinical practice.

In papers III and IV, we studied representative cohorts of iNPH subjects,
homogenous regarding the age and gender. The main strength was that we
could assess ADNC and neuronal markers in surgical samples, as almost all
research in the field of neurodegeneration is performed on cell cultures, animal
models or PM brain tissue. The strength in using surgical biopsies as opposed
to PM brain tissue is that we were able to avoid factors associated with a state
of death, PMD and long fixation time '**!**_ It also makes it possible to study
the neurodegenerative processes prospectively "', The main limitation in
studying surgical biopsies is the size of the tissue sample, i.e. sampling deficit.
The small biopsy, even if representative, represents only a minimal portion of
one area of the brain, thus not reflecting the complexity of the brain regarding
different regions and pathologies. Additionally, as the tissue sample is small,
so is the possibility to perform more extensive protein analyses.
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Summary of results
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All Abs assessed increased in SAF when increasing ST from
4pum to 7um. When performing IHC analysis, there are several
confounding factors that have to be considered, and ST is cer-
tainly one of them. Additionally, the molecular size of the Ab
should be considered as it influences the penetration of the Ab
into the tissue section.

During the end stage of AD, the AP pathology was stable, but
there were signs of neurodegeneration, in terms of progressive
HPt pathology and loss of synaptic and neuronal markers, in-
dicating that neuroprotective drugs should be considered. The
gliosis seemed to be stable, but there were signs of decreased
microgliosis, i.e. the inflammatory response in the final stages
of the disease seems to level off. The tissue damage within the
biopsied area around the shunt channel was scanty, which is
why this diagnostic and symptom-relieving procedure is rec-
ommended. PM examination of brain tissue from subjects with
iNPH is warranted.

Significant number of iNPH subjects display ADNC in their
brain tissue; females seem to be more affected than males. The
AD pathology seems to be increasing with age, in line with the
biology of AD observed in numerous studies. Within our co-
hort, there were remarkable signs of neuronal preservation and
loss of matrix and synaptic marker. This can mirror early stages
of neurodegeneration, where the neuronal processes are pri-
marily affected. Based on our results, the cohort of iNPH in-
corporates a substantial number of subjects with ADNC in their
brain biopsy, i.e. subjects at an ealy stage of AD, which indi-
cates that subjects with a clinical diagnosis of iNPH are a reli-
able model for AD.

We could for the first time exhibit modified AP variants in an
iNPH population and confirm the findings previously seen in
AD, specifically that pyA precedes pAp in the aggregate for-



mation throughout the ongoing neurodegenerative process. Ad-
ditionally, the modified A variants correlated with HPt in the
brain biopsies from the right frontal cortex. This is a finding,
previously described in a PM cohort, where the pyAp in the
frontal cortex was a predictive factor of AD. We could estab-
lish that similar to AD, the AP aggregates in iNPH are complex
in their composition. Our results were confirmed in a TMA
with brain tissue from subjects with various levels of ADNC,
displaying the hierarchical nature of A modifications, in par-
allel with the increasing level of pathology.
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General discussion

iNPH is a disease affecting a substantial number of aged individuals, and also
increases with age '**'*!. The main symptoms, i.e. gait disturbance, urinary
urgency and cognitive impairment, are caused by a CSF balance disturbance
causing hydrocephaly '*"'?. Thus, although extensively studied, the patho-
physiological mechanisms causing this condition are not entirely understood
138.140.142 “The symptoms can be relieved by a VPS insertion, normalising the
CSF flow in the brain '*"'**, Most subjects respond to this treatment, especially
regarding the gait, and the prognosis is best when an intervention is performed
early in the disease process '**'®!. Unfortunately, the cognitive symptoms
seem to progress over time 135,136,171,173

During the last 20 years, a few centres around the world have taken diag-
nostic biopsies from the area of the shunt channel, opening a new window to
study different processes within the brain of aged individuals, in vivo '**',
This has resulted in a large body of literature studying mainly ADNC, the as-
sociation with risk factors of AD and prognostic values in iNPH !3%136:170.17L173
The studies revealed that a substantial number of iNPH subjects, indeed, dis-
play ADNC, and many of them progress to dementia of AD type '#>-13¢:162-
166168171173~ AB s associated with worse shunt-response and an individual
prognostic marker to develop AD 77,

In the frame of this thesis, we wanted to further study the ADNC and the
neurodegenerative process associated with this pathology, as well as to bring
more understanding regarding the ADNC in iNPH subjects and its association
to AD.

To do so, we had to standardise the method in IHC to optimise the assess-
ment strategy of surgical iNPH samples and PM brain tissue, as a surgical
specimen in neuropathology is 4um and PM brain tissue samples 7um. We
noted, in paper I, that the pathology, studied with IHC, is affected by 3um ST,
in both the intensity and extent. To be able to compare pathology in a biopsy
and PM brain, the specimen’s ST should be the same.

In line with previous studies, also in our cohort, paper III, a substantial
number of iNPH subjects displayed ADNC '6216+166 Qurprisingly, the preva-
lence of both the hallmark lesions of AD, i.e. AP and HPt in particular, was
higher in our cohort than in other published studies. Several factors have in-
fluenced the outcome, for instance, the age of the cohort, the methodology
used, i.e. morphometrical analysis versus a semi-quantitative assessment and
last but not least, the assessment strategy applied '°'%*'%, When assessing
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HPt pathology, where the difference compared to others was most pro-
nounced, in our setting even the smallest IR lesions, i.e. grains and small
treads were accounted for as positive. We have discussed this aspect with
other research groups in the field, and it has become clear that the grains we
assessed have not been assessed by others. The information regarding the as-
sessment of IR positive lesions has not been described in detail by others;
however, when excluding samples with low level of HPt pathology (SAF
<1%), the results were comparable. The extent of HPt pathology in the frontal
cortical brain biopsies was sparse, as 80% displayed SAF <1%, indicating
early stages of neurofibrillary pathology within this area of the brain, which,
in association with AP pathology seen, designates a low-intermediate level of
ADNC according to international criteria *'“***, The ADNC increased with
age, both in papers III and IV, in line with the age associated progression of
the pathology well described in AD "°.

Simultaneously with the increase in ADNC and age, we noted an increase
of neurons within the analysed region of interest. As it seemed impossible to
be caused by formation of new neuronal cells, this observation indirectly in-
dicated the loss of matrix between the cells of interest, causing atrophy of af-
fected brain tissue ''*''®. This fact was further supported by the loss of synap-
tic marker in the neuropil, in parallel with the increase in expression of neu-
ronal markers. Synaptic loss is detected early in AD and progresses over the
course of the disease, as it is initiated and maintained by the ADNC. In addi-
tion, synapses are described to be involved in the propagation of the altered
proteins and highly associated with the progressive cognitive impairment seen
in AD 97108110 Neuronal loss is an inevitable event in the course of AD, oc-
curring successively and affecting cortical areas later in the disease process at
the same time as the increasing ADNC pathology **''*'?2, Thus, the cohort of
iNPH subjects, in paper III, with low level of ADNC and early signs of neu-
rodegeneration, mainly by synaptic loss, mirrors early stages of AD in this
population.

Further, we studied the biochemical properties of AP aggregates in a cohort
of iNPH subjects with notable AP pathology, in paper IV. We could, in our
study, for the first time, provide evidence that biochemical changes occur in
AP aggregates in the brains of iNPH subjects in the same hierarchical manner
as previously described in AD, i.e. pyAp precedes the pAB 7. In AD, the
presence of these modified AP variants is associated with cognitive symptoms
and the pAp, in particular, with a dementing illness °*’°. In addition, in our
cohort, both pyAp and pAp correlated with the extent of HPt pathology. This
is in line with a previous PM study, where the association between pyAp and
HPt was detected in AD and the presence of pyAp in the frontal cortex was a
single strongest indicator for development of AD *. This is quite intriguing,
as the presence of notable AP pathology in iNPH subjects, including both
pYAP and pAp variants, in association with HPt, indicates a moderate to high
level of ADNC by the diagnostic criteria applied *'*2. Such findings, when
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observed in the frontal cortex, as in our studies, indicate a symptomatic disease
eventually progressing into full-blown AD 64637,

Beyond the N-terminal truncated AP variants, for the first time, we could
assess, in an iNPH cohort, the presence of AB’*"°, a AB without py or p at the
N terminus . This variant was present in the AP aggregates of iNPH subjects
and increased with age. This is evidence of the diversity of the A pathology
at a biochemical level that can be used for the benefit of the patient. There are
commercial Abs that can detect both pyAP and pAp applying IHC that could
be of value for iNPH subjects with cognitive symptoms and ADNC to further
stage the pathology. This plethora of AP variants is also promising for the
future because treatment targets as up to date as the A targeting treatment
strategies applied have not been efficient *’

In paper 11, we were able to study changes in the protein expession, which
occurred during 21 months, in a brain biopsy and PM brain tissue, from a
subject with concomitant iNPH and end stage AD. We observed that the HPt
pathology increases at the same time as a neuronal loss in this individual, in
line with the progressive nature of AD throughout the disease %', This
indicates that treatment strategies targeting HPr, anti apoptotic- and neuropro-
tective drugs could be considered even at the end-stage of the disease **2**2%,
In contrast, the AP seemed to be stable over time. The AP pathology is seen
in the cortical areas early in the disease process; however, in advance phase,
the tissue is saturated with AP, which is why the extent of pathology remained
stable from the time of biopsy to death, in line with what has previously been
described in AD °"''"°. We assessed the inflammatory process by studying ex-
pression of an astroglial marker and microglial markers. The GFAP remained
stable, but the extent of microglial markers declined with time. The neuroin-
flammation in AD is extensively studied, associated with ADNC and involved
in the disease progression *"**%_ To our knowledge, this process has not been
described in the same subject, which is why our results are not comparable
with others. There are several trials describing positive effect of anti-inflam-
matory treatment in AD °*!%*, Unfortunately, when applied at the end stage of
the disease, the anti-inflammatory treatment does not have an effect, which
can be explained by our findings '°.

In conclusion, our studies on an iNPH population could follow a progres-
sive path of neurodegeneration. The path started with a low level of ADNC
pathology and early signs of synaptic damage in paper III. It moved to more
advanced ADNC at moderate to high level with presence of pyAp and pAp,
both associated with cognitive symptoms and progression to AD, in paper V.
Finally, in paper II, we ended with a prospective assessment of pathology at
the end stage of AD, presenting with ongoing HPt pathology and neuronal
loss. Altogether, our findings support that substantial number of iNPH sub-
jects indeed also suffer from AD, consequently making them a reliable model
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of AD. This would also explain why A in iNPH subjects is a strong prognos-
tic marker for AD, and why substantial number develop AD with time and
display AD pathology at PM neuropathological examination '3¢!1¢%171173,

Whether iNPH subjects are predisposed to developing AD or AD subjects
are predisposed to developing iNPH is not yet acknowledged. A few groups
have assessed the inflammatory process and glymphatic dysfunction associ-
ated with iNPH, which also seems to be impaired in AD and may be a bridge
to understand these two diseases '*>*!%?!! Another explanation is also the fact
that in elderly and aged individuals, several concomitant pathologies can con-
tribute to the pathology causing loss of the cognition ',

The assessment of neurodegenerative markers in brain biopsies from sub-
jects still alive is perceived by some as quite controversial, as curative treat-
ment is lacking for neurodegenerative diseases. I personally think that the di-
agnostic biopsies taken in the mode of action as done here are surely moti-
vated. The biopsy is taken from the area of VPS, the only symptom-relieving
treatment in iNPH, and the tissue damage, mostly caused by the shunt itself,
is negligible. The biopsy is primarily a diagnostic tool; thus, when ADNC is
detected, it should initiate contact with specialised memory clinics to establish
a contact and be able to consider the treatment arsenal available for subjects
in the early stage of a dementing illness.

As the population in the world becomes older and the number of individuals
with a dementing illness increases, it is of utmost importance to study the
pathological mechanisms promoting the pathologies related to ageing, i.e. pro-
teinopathies, neuroinflammation, CSF water balance, glymphatic functions,
cerebrovascular disease and systemic illness. Assessment of brain biopsies
from iNPH subjects can give valuable insight into the disease process. In ad-
dition, PM brain assessment is important in order to study disease processes
in the whole brain, which is why autopsy and PM neuropathological exami-
nations should be promoted and warranted.

I strongly believe that a competent assessment of the PM brain obtained
from a subject with diagnosis of iNPH is informative and thus needed. Up to
date, we have analysed about 500 biopsies during a period of more than 10
years, whereas the number of PM brains obtained from subjects that have gone
through a biopsy is extremely low, i.e. only three cases. How can the medical
community treat these patient properly if an intensive search for causative
mechanism is not facilitated?

57



Future perspectives

AP is often identified in biopsies of iNPH subjects, where it is associated with
worse shunt response and cognitive decline 4!#2163:165.170.171

The characteristic AP aggregates in AD are based on light microscopy lo-
cated extracellularly within the neuropil ***''. However, a decade ago, a few
studies demonstrated intraneuronal presence of both APP and A in PM brain
tissue, a biopsy specimen from a patient with iNPH and cell lines visualised
by IHC or immuno electron microscopy (EM) #'*?!*_ These results were revo-
lutionary; however, it has become known that the antibodies used do not dif-
ferentiate APP from AP, thus suggesting that only APP is seen intracellularly.
One of the future aims is to assess compartmentalisation of APP and different
biochemical species of AP in cortical biopsies from iNPH patients with im-
muno EM technique.

Inflammatory processes are described as affecting and promoting the neu-
rodegenerative course of AD **°!. Microglia activations are described as sup-
porting the progression of both Ap and HPt pathology **'*>?°°. Astrocytes are
also involved in the inflammatory process as activation due to ADNC, main-
taining the pathological course of the disease *'*'%?!*_ As the AD manifests
itself within the grey matter, the inflammatory changes are most relevant
around the ADNC. In the setting of iNPH, no association of pro-inflammatory
cytokines and ADNC or shunt response was noted in CSF from patients with
iNPH 25, Several recent papers have acknowledged the role of astrocytes and
glymphatic pathway also in the pathogenesis of iNPH '*721%21¢ Tt should be
noted that the areas analysed in our study were within the cortex, region of
interest in AD. However, as described in imaging studies, periventricular and
white matter changes are frequently seen in patients with iNPH '¥’. It is of
utmost importance to study the inflammatory process in iNPH, especially
within the white matter of the biopsy specimen from iNPH patients. It is also
important to further study different inflammatory markers within the grey mat-
ter, associating with different loads of ADNC.
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Populirvetenskaplig sammanfattning pa
svenska

Demens ir ett tillstind som drabbar dldre och yttrar sig i storningar av minne,
tinkande och uppfattningsforméga, personlighets- och beteendefdérindringar
och slutligen storningar i basala fysiologiska funktioner. Den absolut vanlig-
aste kliniska demensdiagnosen ar Alzheimers sjukdom (AS), som beskrivs
hos 60—-80% av patienter som drabbats av demens *%.

AS orsakas av att tva fordndrade kroppsegna proteiner, s.k. AS patologiska
fordndringar (ASPF), lagras in i hjarnan, hyperfosforylerat © (HPt) i nervcel-
lerna och amyloid B (AP) i hjarnvdvnaden. Dessa sprider sig i hjdrnan enligt
ett forutbestdmt monster och engagerar successivt allt storre hjirnomraden
486180 Under den pagaende processen forstdrs nerveeller och deras utskott vil-
ket stoppar de impulser som formedlas via nervsystemet och ddrmed forstors
hjirnans funktioner '”7. Detta kan paga i minga ar dd HPt kan ses i hjirnan
redan hos unga individer och AP kan ses hos individer i 40 érs alder '°. En del
av personer med ASPF kommer aldrig utveckla demens och en minoritet av
patienter som har genetiska anlag kommer att utveckla sjukdomen tidigt *'°.
Patienterna forsdmras dver tid och sjukdomsforloppet, som kan péga i 4-20 ar,
dr forknippad med lidande for den enskilda patienten och dess familj’. For
nérvarande finns inget botemedel men likemedelsindustrin utvecklar nya 1a-
kemedel med mal att stoppa eller fordroja processen. Demens utgdr den femte
vanligaste dodsorsaken hos individer dldre &n 65 ar >,

Idiopatisk normaltryckshydrocefalus (iNPH) &r ett tillstdnd hos dldre orsa-
kad av storningar i cerebrospinalvétskebalansen som ger upphov till vatten-
skalle och symtom i form av minnesstdrning, gangrubbning och urininkonti-
nens. Den enda behandlingen som finns tillgénglig for att hdva detta tillstand
ar kirurgisk, genom att avleda cerebrospinalvitskan frén hjarnan med en shunt
till bukhélan '*’. 1 fatal centra i viirlden har man i samband med shuntoperat-
ionen tagit ett litet vivnadsprov fran hjarnan fran omradet precis déar shunten
ska sitta. Flera studier har visat att i dessa vdvnadsprover frdn iNPH-patienter
har man funnit ASPF och néir dessa forekommit har patienterna svarat simre
pa behandling och senare utvecklat en demenssjukdom 3616416317017

Vi har i detta projekt studerat ASPF, nervceller, hjarnans stodjeceller, s.k.
astrocyter och inflammatoriska celler i vdvnadsprover tagna i samband med
kurativ shuntinséttning hos patienter med iNPH.
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Delarbete 1

For att vid patologisk undersokning pévisa proteiner anvénds en metod som
kallas immunohistokemi. Metoden anvinds sedan 40 ér tillbaka bade for ru-
tindiagnostik av fordndringar i patientprover och i forskning. Den &r sdker om
man tar hiinsyn till parametrar som kan paverka dess utfall ',

En av parametrarna dr tjocklek av vdvnadsbiten som fargas for att senare
undersokas mikroskopiskt '**!°!. I neuropatologi anvinds 4um snittjocklek
vid undersokning av biopsiprover fran operation av levande patienter, som vid
iNPH, och 7pm tjocka snitt ndr man undersoker hjdrnviavnad fran avlidna, som
4r den snittjocklek som i majoritet beskrivs i AS-forskning *.

Vi har i detta arbete pavisat att skillnader i snittjocklek pa 3um péaverkar
utfallet av fargningen med alla markdrer vi undersokt. I neuropatologi kan
detta paverka bedomning av nervcellskada, niva av AS-patologi och dven leda
till feldiagnos. Snittjocklek vid jamforelse av kirurgiskt uttagen hjarnvévnad
och hjdrnviavnad fran avlidna bor standardiseras.

Delarbete 11

I detta arbete har vi undersokt hur proteinuttryck av ASPF, nervceller, astro-
cyter och hjarnans inflammatoriska celler 4ndras under en period av 21 ména-
der, fran biopsi i samband med shuntinsittning till dod och neuropatologisk
undersokning av hjiarnan, hos en och samma individ med iNPH och AS.

Vi har noterat att HPt 6kade med tiden samtidigt som markdorer for nerv-
celler minskade. Detta stimmer med det progressiva sjukdomsférloppet och
forlusten av nervceller som ses vid AS **'?!. AB-proteinet har inte forindrats
ndmnvart dver tid, vilket kan forklaras genom att den ses i det berdrda hjérn-
omradet tidigt i sjukdomsprocessen och vid avancerad sjukdom, som hos
denna patient, dr patologin mittad ®'. Aven astrocytmarkdren forblev stabil
over tid men denna beskrivs reagera huvudsakligen till AP vilket kan forklara
véra fynd *°. De neuroinflammatoriska markdrerna minskade over tid, vilket
var dverraskande di inflammatoriska processer ir associerade med ASPF ',
Man har i olika studier noterat att antiinflammatorisk behandling kan ha effekt
pa ASPF tidigt i sjukdomsforloppet men inte vid avancerad sjukdom som hos
var patient, vilket ir i linje med véra resultat °*%.

Att kunna jimfora patologi pd detta sitt 4r unikt och mycket informativt
och motiverar okat antal hjarnundersékningar pa avlidna med iNPH med tidi-
gare biopsiuttag vid demenssymtom.
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Delarbete 111

Har undersokte vi forekomsten av ASPF och dess association till nervceller i
95 iNPH-patienter i dldrarna 75 till 79 ér.

Vi pavisade att ca. 60% av iNPH patienter uppvisar ASPF i sin hjarnvav-
nad. Mangden HPt-protein var mycket 1dg i majoriteten av fallen talande for
tidig niva av AS-processen *'“**%_ Dirutdver noterade vi att med stigande al-
der och 6kad mingd ASPF minskade nervcellernas utskott '7''°. Nervcells-
kropparna var emellertid bevarade. Dessa fynd tillsammans talar for att majo-
riteten av iNPH-patienter &r i ett mycket tidigt skede av sjukdomsforloppet av
sin demenssjukdom. Alla dessa patienter skulle gynnas av kontakt med min-
nesklinik samt eventuell behandling som stoppar eller fordréjer framfarten av
ASPF och den parallellt forekommande degenerationen av nervceller.

Delarbete IV

I detta arbete undersoktes forekomst av specifika varianter av AB-protein hos
iNPH-patienter med maéttligt forh6jd och hog méngd AB-protein i hjarnvév-
naden. Varianter vi studerade, pyroglutamylerat A (pyAp) och fosforylerat
AB (pAP), ir associerade med symtom givande AS 7. PyAB, niir detekterat
i hjarnans framlob, ir en stark markor for utveckling av AS *. Tidigare studier
har dven noterat att dessa varianter kan pavisas i kronologisk ordning, dir A
utan py eller p ses i borjan av sjukdomen, pyAP noteras nir fordndringarna
blir mer avancerade och pAp ses vid symtom givande sjukdom *7°.

Vi har kunnat bekrifta detta dven 1 hos iNPH-patienter dar pyAp foregick
PAP och bada dessa varianter var associerade med HPt. Detta talar for att
iNPH-patienter vars AB-patologi passerat 1ag niva har natt mattlig-hdg niva
av ASPF och séledes representerar redan en mer allvarlig fas av AS.

Sammanfattningsvis har vi genom vara studier visat att majoriteten av iNPH-
patienter uppvisar ASPF 1 sin hjarnvévnad, att omfattningen av ASPF okar
med alder och parallellt fordandras den biokemiska sammanséttning av ASPF
och skadar nervcellernas utskott, som pa sikt leder till nervcellsforlust 1%,
Denna progressiva process dr identisk i AS och talar snarast for att ett antal av
iNPH-patienterna dven lider av AS. Dessa patienter gynnas av kontakt med
minnesklinik och eventuell skyddande behandling.

Att undersoka dessa hjarnbiopsier fran iNPH-patienter har varit kontrover-
siellt da det idag saknas behandling som motverkar utvecklingen av ASPF.
Personligen anser jag dock att vivnaden som tidigare kasserades bor tas till
vara, undersokas och diagnosticeras. Informationen ér till gagn for patienten
och leder till att de drabbade patienterna far sakkunnig, stodjande vardkontakt
som eventuellt kan forebygga snabb sjukdomsprogress i den mén det gar,
stddja deras vardbehov och frimja vilbefinnande.
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