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ABSTRACT

Yalcinkaya, E. (2023). Investigation of Angiotensin — Converting Enzyme 1/D
Polymorphism in Patients with Alzheimer’s Disease. Yeditepe University, Institute

of Health Sciences, Department of Molecular Medicine, MSc Thesis, Istanbul.

Dementia is a common clinical syndrome that causes cognitive disorders and affects daily
life significantly, and the risk of being seen increases significantly with aging. Although
dementia is not a single disease type, it is the general name of the findings characterized
by deterioration in mental abilities. Alzheimer's disease, which is a common type of
dementia in the population, is a progressive neurological disease that occurs in individuals
with the destruction of brain cells. Most patients who suffer from Alzheimer’s Disease
show the symptoms of this disease in their later ages, whereas the earliest sign being
memory loss. Although recurring forgetfulness is observed in sick individuals, past
memory is preserved. As the disease progresses, cognitive abilities decline as well as loss
of aphasia and apraxia. Although the exact causes of Alzheimer's disease are not known,
it is thought that genetic factors may play limited role in the occurrence of this
pathophysiology. The angiotensin-converting enzyme (ACE) hydrolyzes peptide
molecules and proteins by removing a dipeptide from the C terminus of polypeptides such
as in the case of Angiotensin. As a result of previous studies, it has been observed that
ACE can cleave amyloid beta peptides in vitro. It is known that amyloid beta plaques are
an important factor in AD. Therefore, in previous studies it was asserted that ACE and
ACE variants could be associated with Alzheimer's Disease. In this study, we aimed to
elucidate the effect of ACE polymorphisms on the risk of developing late-onset
Alzheimer's in Turkish and Mediterranean populations in samples taken from Alzheimer's
patients and in conjunction with meta-analysis including samples from previous data sets.
PCR studies revealed the presence of single nucleotide polymorphisms. Genetic
variations were determined by Sanger sequencing from the samples with polymorphism.
As a result of meta-analysis, it was determined that rs1799752 ACE polymorphisms were
not associated with late-onset Alzheimer's disease in Turkish and Mediterranean

populations.

Key words: Angiotensin Converting Enzyme, Alzheimer Disease, Polymorphism



OZET

Yalcinkaya, E. (2023). Alzheimer Hastalarinda Anjiyotensin Doniistiiriicii Enzim
I/D Polimorfizminin incelenmesi. Yeditepe Universitesi Saghk Bilimleri Enstitiisii,
Molekiiler Tip ABD., Yiiksek Lisans Tezi. istanbul.

Demans, biligsel bozukluklara sebep olan ve giinliik yasami onemli 6l¢iide olumsuz
etkileyen, yaslanma ile goriilme riski belirgin olarak artis gosteren, diinya genelinde sik
rastlanan klinik bir sendromdur. Demans esasinda tek bir hastalik tipi olmamakla beraber
zihinsel yeteneklerdeki bozulmalarla karakterize edilen bulgularin genel adidir.
Popiilasyon igerisinde yaygin olarak goriilen demans tiirii olan Alzheimer hastaligi beyin
hlcrelerinin yok olmasiyla bireylerde ilerleyici bir durumda ortaya g¢ikan nérolojik
hastaliktir. Ozellikle hasta bireylerin ¢ogunlugunun ilerleyen yaslarda bu hastaligin
bulgularina sahip oldugu goriilmektedir ve bu bireyler en erken olarak hafiza kaybi
belirtileri gostermektedir. Hasta bireylerde yinelenen unutkanliklar goriilmekle beraber
gecmis hafiza korunmaktadir. Hastaligin ilerlemesiyle kognitif yeteneklerde gerilemenin
yani sira afazi ve apraksi gibi yitimler gorilmektedir. Alzheimer hastaliginin kesin
nedenleri bilinmemekle beraber genetik faktorlerin bu patofizyolojinin olusmasinda diistik
diizeyde rol oynadigi distiniilmektedir. Angiotensin-converting enzim (ACE)
Angiotensin v.b. baz1 polipeptidlerin C terminusundan bir dipeptid ¢ikararak proteinler
ve diger peptid molekiillerini hidrolize edebilir. Yapilan ¢aligmalar sonucu ACE’nin
amiloid beta peptidlerini in vitroda ayirabilecegi gozlemlenmistir. Amiloid beta
plaklarinin Alzheimer hastaliginda énemli bir etken oldugu bilinmektedir. Dolayisiyla
daha 6nceki bazi galismalarda ACE ve ACE varyantlarinin Alzheimer hastaligi ile iliskili
olabilecegi ileri siiriilmiistiir. Bu galismamizda Alzheimer hastalarindan alinan 6rneklerde
ACE polimorfizmlerin ¢alisilmasi ve is bu deneysel ¢alismanin daha 0nceki ¢aligmalarda
elde edilen veri seti ile kombine edilmesi ile gergeklestirilen meta-analizler ile, Turk ve
Akdeniz toplumlarinda ge¢ baslangicli Alzheimer’in gelisme riskine etkisini
aydinlatilmaya calisilmistir. PCR ¢alismalar1 sonucu tek niikleotid polimorfizmlerin
varligint saptanmistir. Polimorfizm saptanan drneklerden Sanger sekanlama ile genetik
varyasyonlar1 belirlenmistir. Meta analizleri sonucu Tiirk ve Akdeniz toplumlarinda
11799752 ACE polimorfizminin ge¢ baslangicli Alzheimer hastalifi ile iligkisinin

olmadig1 saptanmustir.

Anahtar Kelimeler: Anjiyotensin Doniistiiriicii Enzim, Alzheimer, Polimorfizm

Xi



1. INTRODUCTION AND PURPOSE

Dementia is a big health problem all around the world [1]. Dementia is an aging-
related syndrome that manifests itself with a decrease in cognitive abilities, which
seriously affects daily life [2]. 35 million people worldwide are diagnosed with dementia
and this number is expected to reach 65 million in 2030 and 113 million in 2050 [1]. The
number of patients diagnosed with dementia is expected to increase in developing and
developing countries, and it is thought that by 2040, 71% of the 81 million dementia cases
in the developing world will be diagnosed in these countries [1]. In order to lower disease
risk or delay onset of dementia, more emphasis is being placed on psychosocial risk
factors that make disease onset and progression more likely. A number of studies suggest
stressful life events may have adverse effects on cognitive function, especially in old age.
Moreover, Dementia is essentially the general name for findings characterized by

deterioration in mental abilities.

Although Alzheimer's disease (AD) is a type of dementia, it is a disease that shows
a progressive behavior with the destruction of brain cells. AD is manifested by a decrease
in cognitive abilities, neuropsychiatric and behavioral disorders, as well as negatively
affecting the daily lives of diagnosed patients and causing physical and physiological
negativities in individuals. Alzheimer's disease consists of three stages [3], [4]. While
repetition of questions, difficulty in writing and using tools, and irritability are seen in the
early stage, problems such as gradual loss of past experiences and learned information
and difficulty in recognizing relatives are seen in the middle stage. In the advanced stage,
we see that the past and present time are mixed, communication is severely impaired, and
the patient is in need of care [5]. Many mechanisms and neurotransmitter changes make
the pathophysiology of AD very complex. The 3 main components of the mechanism are
B amyloid plaques, neurofibrillary tangles and neuronal cell death [6]. The first
component of the amyloid cycle to show itself is Ap production and plaques. After that
process continues with a series of simultaneous excitotoxicity, inflammation, oxidation
and tau hyperphosphorylation, results in neurotransmitter disorder and evokes
programmed cell death [7], [8]. The clinical equivalent of this pathophysiological cycle
is progressive cognitive loss and deterioration in activities of daily living with psychiatric

symptoms.



There are two sets of genes that determine whether people will develop AD, and
these are risk genes and descriptive genes, respectively. Risk genes indicate the
probability of developing a AD, but it certainly does not mean that AD will. Researchers

have found several genes that increase probability of developing AD. APOE-e4 is the first

risk gene identified and has the strongest probability of developing AD. Genetic
predisposition is seen in 40% of AD cases. The blood tests can identify the Apo alleles a
person has, but cannot predict whether they will develop Alzheimer's [9], [10]. The APOE
test helps detect early brain changes and compare the effectiveness of possible treatments
for people with different APOE profiles.

Genetic testing is used to help diagnose early- onset Alzheimer's disease and to
test people with a family history of Alzheimer's or a related brain disease. Descriptive
genes cause disease directly. There are three gene mutations related to the early-onset
Alzheimer's disease. These are amyloid protein precursor (APP), Presenilin 1 (PSENL1)
and Presenilin 2 (PSEN2) mutations. They are located on chromosome 14 and
chromosome 1, respectively. Mutations in these genes lead to the formation of abnormal
proteins that can cause diseases. Each of these mutations is involved in the degradation
of the APP protein. The function of the APP protein is unknown completely. This
deterioration is part of a process that creates the harmful amyloid plaques that are the
hallmark of Alzheimer's disease. Inherited genes caused familial Alzheimer's are rare, but
their discovery provides cluesto help us understand the mechanism of Alzheimer's. These
genes affect the processing or production of beta-amyloid, this protein is the main
component of plagues. Beta-amyloid plays a major role in the reduction and death of brain
cells. Genetic studies on Alzheimer's disease continue and new findings are being

obtained.

Nowadays ACE and mutations related with this protein have been associated with
Alzheimer's disease. It has also been reported that the ACE DD genotype is more common
in stroke and AD cases. In addition, it has been reported that ACE activity in the
cerebrovascular system increases with aging and Alzheimer's. [11]. In addition, more
studies are needed to explain the association of ACE polymorphism with AD. In addition,
although we have findings on genetic markers for early-onset AD, we have limited

information about late-onset AD. However, in our opinion there have not been a sufficient



number of studies in the literature, on the relationship between ACE rs1799752
polymorphism and late-onset AD specifically in the in the Turkish and Mediterranean

Populations.

In this thesis, it was aimed to assess an association between incidence of late-
onset AD risk and ACE rs1799752 polymorphism in Turkish and Mediterranean

populations.



2. GENERAL INFORMATION

2.1. Dementia

Dementia is a chronic and progressive memory disorder, interrelated with the
decrease of speech, perception, calculation, memory and intellectual capacity, in at least
two of cognitive functions such as problem solving, judgment and abstract thinking [12].
Impairment in daily life activities of the individual, in social and professional life consists
of depending on the cognitive impairment restriction. To diagnose dementia clinically,
multiple losses and disruption in daily living activities, subsequent deterioration in mental
functions, acquired mental functions such as memory, attention, language of the patient
expected [13]. Dementia, with its insidious onset lasts for months or years and with its
progressive continuation, should be distinguished from simple forgetfulness, depression
and non- progressive mild cognitive impairment which does not affect daily life.
Dementia, which is a major health problem in aging societies and develops due to vascular
or degenerative changes, is seen in 5% of individuals aged 65 and over, and at a rate of
20% around the age of 80 [13]. The number of dementia patients, which was estimated to
be 24 million in 2001 in the world, is expected to increase to 81 million in 2050 [14]. In
parallel with the rapid increase in the elderly population, diseases common in old age such
as dementia become a major problem for the society. Dementia occurs as a result of various
causes including degenerative, vascular, traumatic, demyelinating, neoplastic, infectious,
inflammatory, systemic and toxic causes [15]. It can be classified according to their
etiology as primary and secondary, localizationas cortical and subcortical and its clinical
features [16] (Figure 1). Symptoms that occur in dementia can be discussed under the
headings of cognitive, behavioral, functional, motor, autonomous and sleep. Memory
problems from recent and distant past, lack of concentration and inattention, difficulties
on word finding, comprehension, reading, writing and calculation, change in typeface,
experience a difficulty to use tools, dressing, sitting, and walking, recognizing objects are
related to cognitive area [17]. Personality changes, apathy, disinhibition, social
inappropriateness, sorrow, reluctance, restlessness, irritability, inappropriate joy, theft,
infidelity, visual and other hallucinations, and related behavior changes as behavioral
symptoms decreased interest in social relationships, hobbies, news, shopping, lack of self-
care like eating, bathing, dressing, make-up, shaving, impairment in sphincter control as

functional symptoms can be observed.



Classification of Dementia

cep 1;;;;“ Invol 1t of
' hippocampus and
Parkinson’s disease; Alzheimer’s disease;
Huntington’s disease Pick’s disease; Lewy Body
dementia

Figure 1. Classification of Dementia [18]. Alzheimer disease develops from cortical region
disorders.

Gait disturbance, falls, freezing, imbalance, slowness of movement, muscle
weakness as motor skill struggles, autonomic dysfunction such as incontinence,
impotence, constipation, sweating and sleeping disorders such as excessive daytime
sleepiness, sleep apnea are the common symptoms of dementia [18]. The development of
cognitive disorders takes places in three main stages. The first stage of the disease is slow,
and it is the amnestic period that starts and develops insidiously. During this period, which
corresponds to the pre-clinical period, the medial temporal region of the brain is affected,
defined as a single-functioning cognitive syndrome. The next stage is the early clinical
period in which dementia as well as mental disorders are reflected in daily life. This is
also defined as multifunctional cognitive syndrome. The last stage of the disease is the
global syndrome period in which common disorders are seen. Neuropathological changes
start from the mesial temporal areas of the brain, especially the hippocampus and
amygdala, during this period, synapse loss is particularly pronounced in the entorhinal
region, hippocampus and amygdala. The disease progresses to the parietotemporal areas
and prefrontal cortex, in the last stage it also affects the primary areas of the cortex.
Changes in the brain structure also lead to changes in the psychological field. The main
observed disorders are anxiety and depression. In addition to these, behavioral disorders

such as apathy, personality changes, restlessness, hyperactivity, and agitation are also



observed. Paranoid delusions and suicidal thoughts can also be observed in patients with
Alzheimer's disease. Living creatures can make sense of and interpret what is happening
in their environment and reveal appropriate behaviors if they have sufficient cognitive
processes such as attention, memory, perception and language. Neuropathological
changes starting from the hippocampus in Alzheimer's primarily manifest themselves
with memory impairment. Parallel to the progression of the disease, impairments are
observed in other cognitive areas such as attention, executive functions, language, and
visual-spatial domain. In later periods, disease related impairment is observed in short-
term memory and some tasks related to sensory-motor performance and apraxia and
agnosia are observed in the advanced stages of the disease. These impairments in the
cognitive and affective domains lead to workplace mistakes, forgetfulness, disturbances
in focusing attention, language functions, time-space orientation, exploration and abstract
thinking. At the onset of the disease, Alzheimer's patients who try to hide recall disorders,
behaviors such as repetitive movements, losing by putting things in strange places,
messing up, going around naked, and getting lost by not being able to adapt to the place
may occur over time. Important types of dementia are Vascular Dementia, Lewy Body

Dementia, Frontotemporal Dementia and Alzheimer Dementia.

2.2. Vascular Dementia

Vascular dementia is one of the most common forms of dementia that is caused
by damage to blood vessels and reduced blood flow in the brain. VVascular dementia MRI
imaging was shown in Figure 2. Dementia can be caused by a single stroke, as well as
many mini strokes known as transient ischemic attacks that occur over time. Vascular
dementia patients can be examined in 3 main groups as multi-infarct dementia, post stroke
dementia and Binswanger's disease (subcortical vascular dementia). Focal neurological
signs such as partial paralysis, numbness sensations, impaired gait coordination, speech

or swallowing disorders occur in the early stage or immediately after an infarction.



Figure 2. Vascular dementia MRI imaging was demonstrated [19].

White arrows show A) white matter lesions, B) cortical infarctions, C) microbleed and

D) lacunar infarcts respectively.

It is not possible to repair brain regions damaged by infarctions. With a targeted
treatment, in most cases, the disease process can be positively affected, and the

independence of the patients can be preserved for a long time.

2.3. Lewy Body Dementia

Lewy Body Dementia is a common form of dementia that cognitive involvement,
extrapyramidal system involvement, and psychiatric symptoms may occur
simultaneously or at different stages of the disease. According to their degenerative
dementia and neuropsychological features, Parkinson's disease and Parkinson's disease
dementia can be included in this form. Slowness in movements, falling out of bed, falls
or tendency to fall, having vivid dreams while asleep at night, mobility during sleep,
syncope, having hallucinations, sphincter control disorder are main symptoms in terms of
diagnosis. Acetylcholinesterase inhibitors are used in Lewy body dementia patients who
have significant cholinergic deficiency in their brains. Lewy body dementia histological

data was shown in Figure 3.
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Figure 3. Immunohistochemical data demonstrates Lewy body dementia [20].

Black arrow shows Lewy body in a substantia nigra.

2.4. Frontotemporal Dementia

Frontotemporal dementia is defined as asymmetrical or symmetrical
hypometabolism and atrophy in the anterior temporal and frontal region. The registration
of objects can be done better multimodally and can be recalled. Utilization behavior,
depression, decrease in speech and reasoning, agrammatism, difficulty understanding
things they hear, behave childishly are indications that distinguish them from the other
forms. There is no accepted treatment approach for cognitive symptoms for
frontotemporal dementia, however serotonin reuptake inhibitors may benefit behavioral

symptoms based on the studies.

For the diagnosis of dementia, a detailed history and neurological and mental
examination are required. Complete blood count, biochemistry, thyroid, liver-kidney
function tests, vitamin B12 examination, cranial magnetic resonance imaging should be
viewed. Neuropsychological tests can be used for staging, monitoring development and
distinguishing the disease from other diseases. There is no effective treatment for
dementia, the disease-modifying, symptomatic and preventive treatments are used, and
studies are ongoing on new treatment options. Currently available treatments are focused
to slow the progression of the disease and manage symptoms. Stopping or slowing down

cognitive and functional impairment, treating behavioral and psychiatric symptoms,



reducing the caregiver burden and delaying nursing home and hospital admissions are

expected from the treatment of dementia.

The risk factors of the most common type of dementia, AD, and dementia are
including advanced age, female gender, low education level, family history, head trauma
history, vascular events, aluminum and electromagnetic fields. Alzheimer's disease is the
most common form of dementia, approximately 70% of all people with dementia [21].

Therefore, in this thesis, we focused on Alzheimer Disease.

2.5. Alzheimer’s Disease (AD)

Alzheimer's disease (AD) is a chronic neurodegenerative disease known since
1907 and is the most common type of dementia. It is estimated that 4.6 million new AD
cases develop worldwide each year. It was first described in 1907 by the German
physician Alois Alzheimer with its clinical and neuropathological features [21]. However,
the exact physio pathogenesis has not been revealed yet. The risk of developing the
disease increases logarithmically with age. The incidence in the population between 60-
65 years of age is approximately 0.1%, while the incidence increases up to 47% over the
age of 85. It is predicted that more than 25% of the world population will be over 65 years
old in 2050 [22]. These figures give the impression that AD, which increases
logarithmically with the increasing elderly population, will be one of the most important
health problems in the future. In a study reported from our country in 1999, it is estimated
that the number of Alzheimer's patients in Turkey is over 200,000 [23]. In this review,
the factors suggested in the physiopathology of AD, which is now becoming a serious
public health problem, the histopathological findings of AD and the risk factors thought

to be associated with AD will be reviewed.

In a histopathological manner, there are senile amyloid plaques, neurofibrillary
tangle (NFTs) formation, synapse-neuron loss, and significant atrophy in the brain [24].
The key component of NFTSs is hyperphosphorylated Tau protein. In the pathogenesis of
AD, hyperactive kinases and / or hypoactive phosphatases cause hyperphosphorylation
of the tau protein, impairing its ability to bind to microtubules. Unbound phosphorylated
tau polymerizes into insoluble double stranded filaments. These become intraneuronal

NFTs overtime. NFTs cause cell death by disrupting the integrity of the cytoskeleton and



axonal transport. The second major neuropathological change in AD is amyloid plaques,
the key component of which is amyloid beta protein (Ap). Amyloid B aggregates into
diffuse plaques and these become dense neuritic plaques. It is not clear how loose plaques
containing harmless amyloid develop into harmful dense plaques with folds. Amyloid 3
formation is shown in Figure 4. Amyloid  accumulation in loose plagques may lead to
the formation of oxidative stress and free radicals, and these factors may lead to physical
change of plaques. After the neuritic plaque is formed, the secondary stage of

excitotoxicity, inflammation and possibly apoptosis mediates additional damage.
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Increased amyloid f42 and amyloid  oligomers are found in brain tissues and
cerebrospinal fluid (CSF) of patients with early dementia, and these levels are correlated
with cognitive decline [25]. Lipid peroxidation may also have a significant role in AD.
The severity of cognitive deterioration in AD is correlated with the amount of NFTs rather
than amyloid deposition. Some studies suggest that the primary neurotoxic formation is
mutant tau protein rather than NFTs. On the other hand, both NFTs and amyloid plaques
may not be mediators of AD pathogenesis, but also end products. All risk factors and
pathological products associated with AD may impair neuroplasticity. If plasticity cannot
be achieved, NFT formation in free tau polymers and accumulation of A in loose plaques

and subsequent transformation into solid plaques will increase.

Neurotoxins, glutamate, organic solvents, industrial dyes, some metals such as
aluminum (Al), iron, copper, zinc and lead have been suggested to be associated with the
risk of AD. In addition, AD was detected more frequently in areas with high Al drinking
water. However, subsequent controlled studies did not detect an increase in Al in the
brains of Alzheimer's patients, and aluminum-reducing treatments were unsuccessful in
the treatment of AD. Glutamate is an excitotoxin that acts on N-Methyl-d-aspartic acid or
N-Methyl-d-aspartate (NMDA) and increases intracellular free radicals. Glutamate is an
excitatory toxic amino acid. It is shown among the risk factors for AD and is accused in
the pathogenesis. It has been suggested that glutamate regulates the intracellular calcium
transfer via NMDA and keinetin receptors, and that excess glutamate causes more
calcium and water to enter the cell and has a toxic effect on the neuron. There are studies

that organic solvents can also facilitate glutamatergic toxicity.

Cholesterol is closely related to the formation of amyloid plaques in AD. A
relationship has been shown between cholesterol level and excess APP formation. On the
other hand, there are studies suggesting that besides their lipid -lowering properties,
antioxidant, nitric oxide-mediated effects, antiaggregant and anti-inflammatory effects of
statins may be effective in preventing AD and suggesting that lowering cholesterol level
with statins reduces the risk of AD by 70%. The relationship between vascular factors
and AD has become increasingly important in recent years. Different results have been
reported in terms of the relationship between blood pressure and AD. It has also been

suggested that mutations and polymorphisms in the angiotensin converting enzyme gene
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may be risk factors for the development of AD. High homocysteine significantly affects
arterioles. It is associated with endothelial dysfunction, oxidative damage, nitric oxide
level changes, and cerebral microangiopathy. In a sub-branch of the Framingham study,
high homocysteine was found to be an important risk factor in patients without dementia
who developed AD after 8 years of follow-up. Increased homocysteine-induced
endothelial toxicity and NMDA receptor inhibition are observed in vitamin B12
deficiency. Also, the presence of stroke is an important risk factor for AD as well as
vascular dementia. On the other hand, there are studies suggesting that diabetes is not a
risk or a low risk for AD. The risk of AD was found to be higher in type 1 diabetes than
in type 2. The relationship between diabetes and AD has been tried to be explained by
findings such as hyperglycemia may increase amyloid deposition and aggregation, and
the presence of glycosylated end products in NFTs. Forward glycosylated proteins may
increase amyloid toxicity and facilitate NFT formation. Hyperglycemia suppresses the
production of acetylcholine by affecting the use of glucose in the brain. On the other hand,
it is thought that neuronal damage due to hypoglycemia, which can develop frequently in
diabetics, may facilitate the development of dementia. It is not yet known whether
diabetes is a real risk factor or indirectly increases the risk of AD with the vascular
problems it causes and accompanying hypertension and dyslipidemia. Vitamin E and C,

carotene deficiency may be associated with AD.

In the Rotterdam Study, it was observed that the development of dementia was
less in individuals who received high vitamin E and C and carotene at a five-year follow-
up. Oxidative damage mediated by free oxygen radicals is one of the main
neurodegenerative mechanisms in AD. The intense oxidative stress of the whole brain,

especially NFTs, is involved in the pathogenesis of AD. In AD, there are free radical

sources, iron ions that have +2 charge (Fe2%), activated microglia, amyloid B, advanced
glycosylation products, and mitochondrial anomalies in the brain. In addition to the
publications that advocate the use of many antioxidants to be protective and therapeutic in
AD, a 2003 study found that dietary or external intake of vitamins A, C and E did not
reduce the risk of AD. There are studies showing that the development of AD in smokers
increases, decreases and does not change. Although it is said that nicotine can increase
cognitive functions in experimental studies, clinical improvement with nicotine has not
been seen in controlled studies. It is thought that nicotine may inhibit amyloid 3

aggregation. The nicotinic receptor modulation of galantamine used in the treatment also
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supports this pathogenesis. However, the EuroDEM study, which is a prospective study,
reported that smokers had more AD.

The presence of a long pre-symptomatic phase of AD seems very appropriate for
the implementation of prevention interventions in this period. In order to evaluate the
efficacy of such treatments, it will be necessary to detect neuropathological anomalies
that develop before cognitive changes occur. To assist in this regard, the use of Pittsburgh
compound B (PiB), a thioflavin T derivative, has been reported to provide imaging of
amyloid B in persons with AD and in some elderly persons without dementia.
Accordingly, AD can be detected preclinically and clinically by imaging with PiB. In the
future, it may be possible to visualize tau deposits in the living human brain. In the
treatment of AD, the inhibition of the toxicity of plaque-Ap protofibrils or AB oligomers
outside/inside neurons using vaccine or ligand, reduction of secretases that mediate the
cleavage of APP in amyloidogenic direction and stimulation of non-amyloidogenic
secretases, modulation of secretases, modulation of kinases involved in possible tau

aggregation and phosphatases are investigated.

There are many factors suggested for the etiology, pathogenesis, physiopathology,
biochemistry and histopathology of Alzheimer's disease, but none of them have been
clearly revealed yet. In the brains of patients with AD, extracellular amyloid-p,
intracellular neurofibrillary tangle accumulation and concomitant neuronal loss are in
question. However, the cause of neuronal death in the brain in AD is unknown. Abnormal
processing of the amyloid-p protein probably plays a central role in the pathogenesis of
AD. However, the severity of cognitive deterioration in AD correlates with the amount
of NFT rather than amyloid deposition. Understanding the link between amyloid and
NFTs is absolutely essential to understanding the pathophysiology of AD. Both NFTs and
amyloid plaques may be outcome products, not mediators, of AD pathogenesis. Many

studies on this subject are still in progress.
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2.6. The Effect of Genetic Factors on The Development of Alzheimer’s Disease

It has been demonstrated by epidemiological studies that Alzheimer’s disease is
not dependent on a single factor. Neuronal and central vascular disorders have a very
important role in the development of the disease due to aging. Factors such as head
trauma, metabolic lesions and infections also increase the risk of AD. Recently, it has
been suggested that feeding with a high amount of saturated fat increases the risk of
developing Alzheimer's. On the other hand, in some cases, genetic predisposition has a

significant contribution. Genetic factors are shown in Figure 5 to develop AD.
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Figure 5. Effect of gene expression on AD [26].

Identifying the familial forms of AD and learning the responsible genes has
enabled a better understanding of the pathophysiology of AD. Genetic factors in AD are
mostly risk factors that constitute a predisposition to environmental factors for the
development of the disease. In other words, AD occurs with a complex interaction of
genetic and environmental factors. Most of the cases with AD are sporadic. However, less
than 1% of all Alzheimer's cases have the feature of being hereditary (simple Mendelian

autosomal dominant inheritance) [27].



Autosomal dominant AD typically begins early (presenile), before the age of 65
[28]. The age of onset can go down to the 20s. AD is a polygenic and multiallelic disease
that also shows heterogeneity in terms of Mendelian transmission. It means that numerous
different mutations of gene loci in more than one chromosome lead to the same disease.
Three distinct genes responsible for autosomal dominant inheritance have so far been
found: amyloid precursor protein (APP) gene (21st chromosome), presenilin 1 (PS1) gene
(14th chromosome) and presenilin 2 (PS2) gene (1st chromosome) [29]. All three proteins
encoded by these genes are transmembrane proteins whose normal functions are not well
known, and they are suggested to play a role in neuronal plasticity. All the mutations in the
genes mentioned lead to an increase in the production of the longer form (AB 42)
accumulated in the amyloid plaques by not being discarded of the A protein metabolized
from APP. Although families carrying APP gene mutations are very few, they shed light
on the pathogenesis of the disease through amyloid metabolism and also illuminated the
relationship between Down syndrome and AD. As it is known, people with Down syndrome
carry three copies of the 21st chromosome (Trisomy 21). These patients almost always
begin to show the neuropathological changes of AD from the age of 30. People with
Down syndrome produce a lot of APPs due to the presence of an extra copy of
chromosome 21. Mutations in the APP gene are responsible for a minority of familial
Alzheimer’s disease (FAD). Mutations in PS1 are the most common cause of familial
AD. More than 160 mutations have been identified in the PS1 and PS2 genes. Presenilins
are central components of atypical aspartyl protease complexes responsible for cleavage
of APP by y-secretase (gamma secretase). Presenilin mutations increase the amyloid f
42/amyloid P 40 ratios. This change is probably due to the change in function. Amyloid
B 42 deposition is an early finding in the preclinical stage of PS1 mutations. Studies in
transgenic animal models suggested that decreased y-secretase activity may induce

hyperphosphorylation of tau without amyloid 8 deposits.

Accordingly, studies in familial AD cases form the basis of the amyloid cascade
hypothesis, suggesting that the increase in amyloid B 42 is responsible for all AD cases,
NFT formation, neuron degeneration, and dementia are related to and following amyloid
B 42 formation. The mutations identified so far constitute up to 50% of familial AD. For
the remaining 50%, genes that are not yet found and forms of autosomal non-dominant

inheritance are suggested.
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In addition to classical risk factors such as age, female gender, family history and
Down Syndrome, many minor risk factors such as hypertension, diabetes mellitus,
dyslipidemia, low education level, low socioeconomic level, exposure to neurotoxins
such as aluminum, iron, copper, lead, estrogen deficiency, menopause, inflammation,
oxidative damage, nutritional deficiencies, high homocysteine, vitamin B12 deficiency,
hypothyroidism, stroke, and infections have begun to be defined in recent years. In a study
conducted in Turkey, the risk factors for the development of AD were examined in our
country and it was determined that female gender, age, vitamin use and presence of
depression were independent risk factors in the logistic regression analysis. The accepted
and established risk factors for AD are age, female gender, and family history. It has been
reported in many studies that AD is more common in women. Although it has been
suggested that women live longer or generally have lower levels of education and it
increases this rate, it has been confirmed that more women are affected by dementia than
men according to logistic regression analysis models where age and education factors are

eliminated. Factors such as estrogen deficiency and age at menopause have been
investigated, but no clear relationship has been demonstrated. The role of estrogen
deficiency and menopause in AD is unclear. It has been reported that estrogen deficiency
can affect cerebral blood flow, stimulation of neurons, development of glial cells and
expression of Apolipoprotein E (ApoE). ApoE’ s effects on brain for AD development
and therapy options are shown in Figure 6. It has been suggested that estrogen may delay
the age of onset of dementia by inhibiting the expression of E4 allele in ApoE4
heterozygotes.

In the Women's Health Initiative study published in 2003, it was determined that
the risk of dementia increased in individuals using estrogen, and it is not recommended
for the treatment or prevention of AD. Family history is very significant as the risk of
AD. The presence of AD in a first-degree relative increases the risk of developing this
type of dementia by 3 times. Additionally, low education level, has been reported in many
studies as one of the possible risk factors in AD. Also, there are studies that both support

and do not support the connection between head trauma and AD.
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Capillary CAA

Figure 6. Effects of ApoE on brain for AD development and potential strategies to
decrease ApoE4 [30]

In addition to all these, It has been shown in recent years that ACE polymorphisms

may be associated with the development of AD.

2.7. Angiotensin-Converting Enzyme (ACE)

Angiotensin converting enzyme (ACE) is a zinc metalloprotease widely
distributed on the surfaces of epithelial and endothelial cells. Angiotensin converting
enzyme is involved in the atherosclerotic process by converting angiotensin | to

angiotensin Il (in Figure 7), causing vascular hypertrophy and vasoconstriction.
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Figure 7. Allosteric site of ACE [31].

ACE is responsible for the reduction of bradykinin, which is considered to have a
vasodilator effect by stimulating nitric oxide production. The angiotensin converting
enzyme gene consists of 26 exons, occupies 21 kb on chromosome 17, and encodes a

protein of 1306 amino acids (in Figure 8).
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Figure 8. ACE genomic regions, transcripts, and products [32].

The polymorphism that occurs with the presence (I allele) or absence (D allele) of
the repeat sequence at the 287th base pairing in intron 16, which is common in this
sequence, is mentioned. The genetic polymorphism of the angiotensin converting enzyme
plays a decisive role in ACE activity. For instance, when individuals homozygous for the
D allele are compared with those homozygous for the I allele, ACE activity has been
shown to increase by 56% in those carrying the ACE D/D gene. Individuals with the
angiotensin converting enzyme I/D genotype show moderately increased ACE activity. It
has been suggested that the 1/D gene polymorphism of the angiotensin converting enzyme
is a risk factor for a number of diseases such as myocardial infarction, stroke, diabetic
nephropathy and hypertension in different ethnic groups. Effects of ACE polymorphisms

on clinical results are shown in Figure 9.
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Figure 9. ACE variants show clinical effects with precise endpoints.
https://www.ncbi.nlm.nih.gov/gene/1636 [33].

Although hypertension is a very prominent risk factor for vascular dementia,
studies on the effect of hypertension in ATD bring different observations. While
hypertension did not appear to be a risk factor in some of these studies, it was reported
that a history of high systolic blood pressure and low diastolic blood pressure increased
the risk in some studies. In the Rotterdam study, there was no significant reduction in the
incidence of ATD, while the risk of vascular-type dementia was reduced in those taking
antihypertensive drugs from baseline. It has also been reported that ACE I/D gene

polymorphism poses a risk for ATD.

2.8. The Relationship of ACE with Alzheimer’s Disease

The insertion and deletion polymorphism of the ACE gene was determined by the
presence or absence of a DNA fragment of 287 base pairs in size. The presence of the D
allele means higher levels of ACE and therefore more destruction of neurotransmitters
such as dopamine. The expression of the ACE gene is still largely unknown, although it
Is emphasized that it may be tissue specific. The ACE gene is localized on chromosome
17 and 287 base pairs in the intron 16 of the gene.

This polymorphism occurs by repeating some of it. In this polymorphism, ACE
D/D and 1/l are homozygous, while ACE I/D is heterozygous. This insertion in the ACE
gene reduces the expression of ACE, so D/D homozygotes have 65% more ACE and I/D

heterozygotes 31% more than 1/1 homozygotes. Low ACE activity observed in | alleles,
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the increase in the half-life of bradykinin and the decrease in angiotensin Il production
emphasize the physiological importance of the ACE genotype due to the increased
vasodilation due to the endothelium. ACE substrates are catalyzed by ACE are shown in
Figure 10.
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Figure 10. ACE substrates are that Angiotensin I and Bradykinin are interacted by
the same domain of ACE [34].

It has been reported that there is a relationship between the ACE | / D
polymorphism and the development of many pathological conditions such as coronary
heart disease, ventricular hypertrophy, myocardial infarction, restenosis after coronary
angioplasty, cardiomyopathy, and sudden cardiac death. It has been found that there may
be a relationship between coronary artery disease and the D allele in the Turkish
population. It has been reported that in individuals with DD genotype, there is an increase
in the decrease in left ventricular systolic performance, progressive left ventricular
dilatation, and mortality in patients with heart failure compared to those with the 1l
genotype. However, there are obvious ethnic differences. Studies have shown that plasma
ACE activity is higher in subjects with ACE D alleles than in persons with ACE | alleles.
In a study conducted in the Turkish population, it was concluded that DD genotype is a
predisposing factor and ACE I/D polymorphism may act as one of the independent factors
on hypertension in patients with severe hypertension with a positive family history. In
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addition to studies reporting an association between ACE genotype and diastolic blood
pressure in men, there are also studies reporting that there is no relationship between ACE
genotype and blood pressure. In another study conducted in Turkish population, no
relationship was found between hypertension and ACE I/D polymorphism in Type Il
diabetic patients. There are studies reporting a role for the ACE D allele in cases of acute
cerebral ischemia and sarcoidosis. It is also reported that there are structural changes in the
vascular wall according to the ACE genotype. There are studies reporting a relationship
between serum ACE activity and myocardial infarction and coronary artery disease.
Another study reported that hemodialysis patients with ACE DD genotype are at high risk
for hemodialysis.

Angiotensin converting enzyme has a significant place in the renin-angiotensin
system catalyzes the formation of angiotensin Il from angiotensin I. The role of
angiotensin 1l in the circulatory system has been extensively studied, but it has been
revealed that each organ has its own renin-angiotensin system like paracrine system and
organ-specific functions of this system. It has also been indicated that it suppresses
acetylcholine release in the brain and catalyzes the destruction of neurokinins, a family
of neurotransmitters involved in central nervous system functions such as pain

transmission and emotion regulation.

When there is a loss of water and salt or in the event of sympathetic activation,
renin release from the juxtaglomerular apparatus of the kidney occurs. This converts the
angiotensinogen synthesized in the liver to angiotensin 1. Angiotensin I, on the other hand,
turns into angiotensin Il with ACE, which is present in the endothelium of many vessels
and in high concentrations in pulmonary vessels. Angiotensin Il stimulates aldosterone
secretion from the adrenal cortex and is a powerful vasoconstrictor. Aldosterone causes
retention of sodium ion. Angiotensin Il is converted to angiotensin 111 by aminopeptidase
A (Angiotensinase). Angiotensin Il is a powerful stimulator in adrenal production of
aldosterone. The endothelial cells of all mammalian tissues express ACE on their luminal
faces and secrete in soluble form. Lung and brain microvascular and capillary cells and

intestinal, choroid plexus and renal tubule cells are rich in ACE.
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In the male reproductive system, ACE was found in seminiferous and epididymal
tubules and sperm secretion was found. ACE is a metallopeptidase enzyme with zinc in its
active center, which, in addition to converting angiotensin | to angiotensin Il, provides
degradation of bradykinin, a vasodilator on the other endothelial surface and consequently
important in vasoactive peptide metabolism. In addition, bradykinin inhibits the
proliferation of vascular smooth muscle cells and inhibits the release of vasodilators such
as nitric oxide and prostacyclin from the endothelium. The success of ACE inhibition in
the treatment of hypertension and congestive heart failure is mentioned, because the
vasodilator plays a primary role in the inactivation of bradykinin and the importance of
this event in blood pressure and electrolyte homeostasis. Consequently, ACE plays an

important role in the regulation of the cardiovascular system and blood pressure.

ACE causes thromboembolism as a result of its potent vasoconstrictive effects,
decreased fibrinolysis, platelet activation and aggregation. Although a direct functional
relationship with ACE concentrations could not be determined, those with DD genotype
had the highest plasma ACE activity and those with Il genotype had the lowest plasma
ACE activity. Moderate levels are seen in those with the ID genotype. ACE gene
polymorphism is also associated with an increase in vascular tone, a decrease in

fibrinolysis, and an increase in platelet aggregation.
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3. MATERIAL AND METHODS

Angiotensin converting enzyme insertion (I) and deletion (D) polymorphism rs
1799752 of the ACE gene is associated with a significant genetic effect with the inter-
individual variability of plasma ACE concentration. ACE activity in the cerebrovascular
system increases due to aging and Alzheimer's disease. This study aims to evaluate the
effect of ACE gene polymorphism on the risk of developing late onset dementia in the
Turkish and Mediterranean populations. According to this purpose, the procedures were

followed.

3.1. Participants and Data Collection

Collecting blood sample period from patients with dementia and healthy
volunteers as control group at Istanbul University, Medicine Faculty Department of

Neurology. The collected blood samples were stored at + 4°C.

3.2. gPCR and SNP Analysis

Approximately 350 ml of peripheral blood was drawn into 5 ml EDTA tubes from
patients with Alzheimer’s Disease. For DNA isolation, iPrep DNA (iPrep Pure link,
invitrogen) isolation robot was used. Concentrations of DNA obtained was determined
by NanoDrop (Thermoscientific) device. For purity measurements, measurements were
made spectrophotometrically with the NanoDrop device. Isolated DNA samples were
kept at + 4°C until the experiment day. In order to detect ACE mutations, Applied
Bioscience 7500 Fast Real Time device was used for Real Time PCR (polymerase chain
reaction) and special primer sequences were used to identify possible mutations in target
variations. The test is based on the multiplex mini sequencing, which is also called

SnapShot sequencing principle.

Genetic regions in the CVD Panel are amplified by 3 separate multiplex PCRs.
Following the purification of the PCR products, the CVD mutation primers in the test
system were taken into 3 separate multiplex mini sequencing reactions. Fluorescently
labeled ddNTPs in the environment were added to the specific mutation primer designed
separately for each mutation, thanks to the polymerase enzyme, and the primer elongation
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reaction ends. The ddNTPs added to the mutation primers designed to detect each CVD
mutation in the test system give the fluorescence signal of the Normal and / or Mutant
nucleotide, depending on the presence or absence of the mutation. The imaging and
analysis of the signals were done in the Capillary Electrophoresis device. After the PCR
Mix and Primer Mix are thawed, they should be vortexed and spun. The PCR Mix,
ddH20, DMSO, CVD Primer Mix, Tag DNA Polymerase and DNA were combined in

0.2 ml PCR tubes at the following ratios, vortex and short spin.

Table 1. PCR reaction conditions

Component
Amount (ul)
ddH20 y
PCR Master Mix 4,2
DMSO 2
CVD Primer Mix 1
Taq DNA Polymerase 0,2
DNA 2
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Table 2. Prepared tubes were placed in the PCR device and the following
program was run

95°C 3 min

95°C 30 sec X 15
55°C 45 sec

72°C 60 sec

95°C 30 sec X 20
58°C 45 sec

72°C 60 sec

72°C 10 min

4°C 00

3.3. Exo-Sap PCR Purification

It is recommended to use Exonuclease | + SAP (Shrimp Alkaline Phosphatase)
for purification of products after PCR reaction. For each sample, 0.5ul Exonuclease 1, 1
ul rAPid Alkaline Phosphatase and 8 ul PCR product were mixed in separate PCR tubes,
vortexed and short-spun. The tubes were placed in the PCR device and the program below

was run:

Table 3. Exo-Sap protocol in PCR device

37°C 70 dk.
72°C 20 dk.
4°C 00

3.4. Sanger Sequencing

Purified PCR products were taken to the Sanger Sequencing Reaction. For the
reaction, 1.5 ul ddH20, 0.5 ul ABI PRISM® SNaPshotTM Mix, 1.1 ul CVD MSQ
Primer Mix and 1.1 ul purified PCR product were placed in individual PCR tubes for

each sample, vortexed and short-spun.



Table 4. Sanger sequencing reaction conditions.

1.5 ul
ddH20

MSQ Mix 0.5 pul

MSQ Primer Mix (1.1 pl

Purified PCR 1.1 pl

product

Table 5. Cycle sequencing program conditions in PCR device (to be used for
further Analysis using Sanger Sequencer)

96°C 10 sec x 25
50°C 5 sec X 25
60°C 30 sec x 25
4°C

o0

Table 6. Cycle Sequencing reaction products were loaded into Applied
Biosystems 3500xL under the following conditions

HI-DI Formamide 10 pl

Mini Sequencing Product 1.2 ul
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DS-01 Matrix Standard is defined in the device. It was studied in the Applied
Biosystems 3500xL 24-Capillary electrophoresis device. The signals obtained as the

result of the capillary electrophoresis were analyzed in accordance with the Table 7.

Table 7. The reference for order of mutations in the electropherogram

) Observed on the
Region Nucleotide changes evice Evaluation
G: Deletion A:
ACS G>4 G>A Insertion

G: the blue luminous peak observed

A: the greenluminous peak observed

3.5. Biostatistics and Meta Analysis

Our experimental results for the 11, ID and DD genotypes in patients vs healthy

control groups were analyzed using Fisher’s exact test with SPSS 25.0.

Since the samples used in our study are few in number, we considered the
possibility that they do not reflect the Turkish population. In order to reflect the Turkish
population, two similar studies have been identified in the literature with samples
obtained from the Turkish community. Meta-analysis was performed by combining the
data in these studies with our own data. Moreover, data available in the literature were
used to determine the association of ACE polymorphism with late-onset Alzheimer's
disease in Mediterranean populations. With these data, two scenarios, heterozygous /
homozygous and allele-specific mutations, were analyzed with the chi-square test. For
meta analysis of I, ID and DD genotypes in patients vs healthy control groups, Chi
Square tests were utilized. As a result of the analysis, the chi-square statistics p value and

values were calculated with the standard formula.
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The data from scientific literature has been collected considering case/control
studies, particularly considering cohorts from Mediterranean cohorts with sufficiently
high number of participants, typically with 50 or more samples. For meta-analysis, the
data from individual cohorts has been aggregated usingthe same groups as well as similar

variation profiles.

Considering the discrete nature of the data (number of individuals with specific
variant or allele for each group), the collected data both from literature as well as
experiments has been formulated as contingency table (rows being groups (AD/control)
and columns being variants or alleles) from which Chi2 test has been carried against the
null hypothesis that there is no association between groups and variants (Observed =
Expected). Cases with p Values less than 0,05 has been considered as statistically
significant. Degrees of freedom (DoF) are the measurements of the number of the values in
the statistic explain the differences between observed and expected values by using formula

(numbers of columns — 1) x (numbers of rows — 1).

For binary outcomes (e.g., with allele counts) the odds ratio (OR) of AD with
respect to a specific allele against control has also been calculated using the contingency
table. The odds ratios are measurements of the association between occurrence of the outcome
of patients and control groups. The OR is calculated as (odds that a case was exposed) /
(odds that a control was exposed). An odds ratio equals to 1.0 or close to 1.0 mean that
the exposure of patients and control groups are same or similar to each other. Finally,

95% confidence interval for the OR is calculated to estimate standard error.

3.6. Biostatistics

Statistical Analysis: Fisher’s Exact test Excel 2018 was used for the statistical
analysis of the | and D alleles in patients vs healthy control groups. The Chi square test
was used to compare allele fractions and genotypes in the comparison of patient group
and control group participants for the metal analysis Chi square test was used to
measure the significance of patient and control groups. Significance level was
considered as p <0,05.
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4. RESULTS

The patient blood tissues used in this thesis study were obtained from Istanbul
University Medical Faculty within the scope of another study. Only Turkish origin patient
and volunteer samples were used in this study. Within the scope of the study, 25
Alzheimer's patient samples and 25 healthy volunteer control patient samples were used.
However, since epicrisis information about some patients could not be reached in the
future, five patients were excluded from each patient and control group. For this reason,
our study continued on 18 Alzheimer's patient samples and 20 volunteer control samples.
Genomic DNA was isolated from these patient and volunteer blood samples. Then, DNA
samples were used for ACE single nucleotide polymorphism (SNP) analyzes in gPCR

studies.

Sanger sequencing was performed with these samples in the following process
and ACE polymorphisms were determined. Sanger sequencing results were analyzed in
terms of different scenarios such as insertion, deletion homozygosity, and heterozygosity,
by performing the Fisher’s exact test, to analyze whether ACE polymorphism is
associated with late-onset Alzheimer's disease in the Turkish population. Then, using the
data in the literature, our findings were compared with the data obtained from the
Mediterranean societies genetically and culturally close to the Turkish population by
meta-analysis by using Excel. As a result of meta-analysis, it was determined that ACE
polymorphisms were not associated with late-onset Alzheimer's in Turkish and

Mediterranean populations.

4.1. SNP Analysis Shows ACE Polymorphisms

In our study, 5 ml peripheral blood samples were collected in EDTA tubes from
Alzheimer's patients and volunteers. DNA was isolated from 350 ml of peripheral blood
using the iPrep DNA isolation robot (iPrep Pure link, invitrogen). The obtained DNA
concentrations were determined with the help of Nanodrop. It has been observed that the
isolated DNAs are suitable for use in further studies in terms of purity and concentration.

In order to detect ACE mutations, Applied Bioscience 7500 Fast Real Time device was
used with Real Time PCR (polymerase chain reaction) and special primer sequences was
used to identify possible mutations in target variations.
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The test is based on the multiplex mini sequencing principle. Genetic regions in
the CVD Panel were amplified by 3 separate multiplex PCRs. Following the purification
of the PCR products, the CVD mutation primers in the test system were taken into 3
separate multiplex sanger sequencing reactions. Fluorescently labeled ddNTPs in the
environment were added to the specific mutation primer designed separately for each
mutation, thanks to the polymerase enzyme, and the primer elongation reaction ends. The
ddNTPs added to the mutation primers designed to detect each CVVD mutation in the test
system will give the fluorescence signal of the Normal and / or Mutant nucleotide,
depending on the presence or absence of the mutation. The imaging and analysis of the
signals were done in the Capillary Electrophoresis device.

4.2. ACE Polymorphisms No Associated Late On-Set Alzheimer Disease at Turkish

Population

When the studies in the literature were examined, it has been found that ACE
polymorphisms may be related to the symptoms of Alzheimer's disease. In the light of
these findings, it has been observed that the peptide cleavage feature of ACE may cause
amyloid beta plaques. In the samples collected in our study, ACE polymorphisms were
determined by Sanger sequencing method. Sanger sequencing findings were classified as
insertion, / deletion, and heterozygous / homozygous. Thus, it was aimed to clarify
whether the association of ACE polymorphisms with late-onset Alzheimer's disease
occurs on the basis of mutation and in case of single / double allele. Two patient samples
used in the study were excluded from the experimental group because they did not work
in the SNP analysis. In this context, further studies were carried out with samples obtained
from 18 Alzheimer's patients and 20 volunteers. The polymorphism obtained as a result
of Sanger sequencing of the patients we used in our study was evaluated in terms of
insertion and deletion. Fisher’s exact test was used for these evaluations. The Fisher’s
exact test was used to determine whether there is dependence between quantitative or
qualitative variables, whether the sample results fit a certain theoretical probability
distribution, whether two or more samples come from the same population, whether more
than two population ratios are equal to each other, and whether various population ratios
are equal to a certain value. used in research. In this context, it was an ideal analysis
method for our study. As a result of chi-square analysis, it was determined that ACE

polymorphisms had 3.79 chi-square statistical data in our data. Moreover, the p value was
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found to be 0.14 p=>0,05, and these polymorphisms were found to have weak

significance in late-onset Alzheimer's patients. The analysis is shown in Table 8.

Table 8. The analysis of Data from Sanger sequencing in our study shows that ACE

polymorphism is not associated with late-onset Alzheimer's disease.

1 ID DD Total Sample
Alz 4 11 3 18
Ctrl 4 7 9 20

8 18 12 38
Alz 3,79 8,53 5,68 18
Ctrl 4,21 9,47 6,32 20

8 18 12 38

Chi Square
Alz 0,011 0,72 1,27 3,79
Ctrl 0,010 0,64 1,14 P value
0,14

The result of the chi-square statistical test analysis was determined as 3,79 and p=>0,05.

Later, we wanted to make our study more specific and examine the relationship of
ACE polymorphisms with late-onset Alzheimer's disease in Turkish populations. Because
it is known that the relations of societies with environmental factors, cultures can cause
changes, albeit small, in their genetic infrastructure. Moreover, two-thirds of dementia
cases in the Turkish population are diagnosed with Alzheimer's. In this context, in the
next part of our study, it was aimed to determine the relationship between ACE
polymorphisms and Alzheimer's disease in the Turkish population. Since the data we used
in our study were not sufficient to reflect the Turkish population, it was aimed to elucidate

the relationship between ACE polymorphisms and late-onset Alzheimer's disease in the
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Turkish population by obtaining data in the literature from similar studies on the Turkish
population. In the literature search conducted in this context, it was determined that there
were only two studies with similar characteristics [31], [32]. Then, our own data were
added to these groups and analyzed again. Likewise, when our data was combined with
the data set from the previous studies Durmaz and Isbir. Thus, 153 Alzheimer's patients
and 149 control samples were analyzed. As a result of the analysis, the chi-square
statistical data was calculated as 0.41 p=0.81. Therefore, the p value was determined as
greater than 0.05 and it was determined that ACE polymorphisms were not associated
with late-onset Alzheimer's disease in the Turkish population. Analysis results are shown
in Table 9.

Table 9. The data obtained as a result of the addition of our data in the study to the
data of Durmaz and Isbir show that ACE polymorphism is not associated with late-
onset Alzheimer's disease.

1 ID DD Total Sample
Alz 29 82 42 153
Ctrl 32 75 42 149
61 157 84 302
Alz 30,9 79,5 42,5 153
Ctrl 30,09 77,5 41,4 149
81 208 120 302
Chi Square
Alz 0,12 0,08 0,01 0,41
Ctrl 0,12 0,08 0,01 P value
0,81




This meta-analysis was carried out on the data of a total of 302 individuals. As a
result of statistical analysis, it was determined that ACE polymorphism was not associated
with late-onset Alzheimer's disease in the Turkish population. Il: Indicates Insertion /
Insertion, ID: Insertion / Deletion, DD: Deletion / Deletion. The result of the chi-square

statistical test analysis was determined as 0,41 p=>0,05

The mentioned findings include an evaluation result in terms of heterozygous /
homozygosity of ACE polymorphisms and their relationship with Alzheimer's disease in
the Turkish population. Therefore, it does not provide any information about the
relationship between ACE insertion deletions and Alzheimer's patients. Moreover, the
number of data increases in the analyzes performed on the allele-specific study scenario.
This increases the accuracy of our analyzes by providing the opportunity to analyze with
larger data. To elaborate our study, this time our analyzes were allele-specific. In this
context, our groups were arranged as showing insertion or deletion in only one allele.
Afterwards, an arrangement was made in the form of groups in which the examples we
used in our study were mentioned. When we separated the samples in our study as allele-
specific insertions and deletions, it was determined that the chi-square statistical value
was 1.78 and the p value was 0.18. Therefore, it was determined that ACE polymorphisms
in the samples used in our study were not associated with late-onset Alzheimer's on level

of allele-specific are shown in Table 10.

Table 10. ACE polymorphisms in the samples used in our study were not associated
with late-onset Alzheimer’s.

ACE I/D | Patients N=18 |Control N=20 X2 OR [CI 95%]|p value
n=% n=%

Il 4 (%22,2) 4 (%20) 3,79 - 0,15

ID 11 (%61,1) 7 (%35)
DD 3 (%16,6) 9 (%45)

[ 19 (%52,7) | 15(%37,5) [1,78 1,86 0,18
D 17 (%47,3) 25 (%62,5) (0,8603-
2,2156)




Homozygotes / heterozygotes or one-specific allele mutations don’t show
association with late-onset Alzheimer’s. Il: Indicates Insertion / Insertion, ID: Insertion /
Deletion, DD: Deletion / Deletion, I: one allele insertion, D: one allele deletion. p=>0,05

Then, these two data including the Turkish population and the data obtained from the
samples collected in our study were combined and analyzed. Thus, 153 Alzheimer's
patients and 149 control samples were analyzed. When we separated the samples in our
study as allele-specific insertions and deletions. Thus, 604 ACE polymorphisms were
detected as insertions / deletions. It was determined that the chi- square statistical value
was 0,04 and the p value was 0,82. Therefore, it was determined that ACE polymorphisms
in the samples used in our study were not associated with late- onset Alzheimer's in the

Turkish population and are shown in Table 11.

Table 11. The data obtained as a result of the addition of our data in the study to the
data of Durmaz and Isbir show that ACE polymorphism is not associated with late-
onset Alzheimer's disease in Turkish population.

ACE I/D |Patients N=153 |Control N=149 X2 OR [CI 95%]|p value
n=% n=%

1 29 (%18,9) | 32 (%21,47) (0,40 - 0,81

ID 82 (%53,5) | 75 (%50,33)
DD 42 (%27,4) | 42 (%28,18)

I 140 (%45,75) | 139 (%46,6) (0,04 0,96 0,82
D 166 (%54,25) 159 (%53,4) (0,8388-
1,1507)

Homozygotes / heterozygotes or one- specific allele mutations don’t show

association with late-onset Alzheimer’s in Turkish population. IlI: Indicates Insertion /

Insertion, ID: Insertion / Deletion, DD: Deletion / Deletion, I: one allele insertion, D: one

allele deletion. p=>0,05
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4.3. ACE Polymorphisms No Associated Late On-Set Alzheimer Disease at
Mediterranean Population

In the next part of our study, it was investigated whether ACE polymorphisms
were associated with late-onset Alzheimer's disease in Mediterranean populations due to
the similarity of cultural and environmental factors. In this context, two scenarios were
created again. In the first scenario, we wanted to clarify the relationship between ACE

polymorphisms in terms of heterozygosity / homozygosity and late-onset Alzheimer's.

In the second scenario, it was desired to determine the relationship between ACE
insertions and deletions specific to the allele and late-onset Alzheimer's. As a result of our
research on the literature, data from 12 different studies (Chapman 1998, Keikhaee 2006,
Monastero 2002, Nacmias 2007, Palumbo 1999, Panza 2002, Scacchi 1998, Seripa 2003,
Zuiliani 2001, Alvarez 1999, Achouri-Rassas 2015, Fekih-Mrissa 2017) on the
Mediterranean populations, where ACE polymorphisms in Alzheimer's Disease were
studied, were extracted to be used in meta-analysis in conjunction with our data set and
other data obtained from the Turkish population by the previous studies undertaken by
Isbir and Durmaz. As a result of our first meta-analysis, ACE rs 1799752 polymorphisms
were not found to be associated with the occurrence of late onset AD in the Turkish
population, so we investigated whether the same polymorphism is associated with late-
onset Alzheimer's in regions culturally close to the Turkish population. Thus, ACE
polymorphism data in a total of 2041 Alzheimer's and 2244 control samples were
analyzed. As a result of the analysis, the chi-square statistical data was calculated as 0.13
and the p value as 0.93. Therefore, as a result of this meta-analysis, it was determined that
ACE rs1799752 polymorphism was not associated with late-onset Alzheimer's in the
Mediterranean population. Then, allele-specific insertion and deletion analyzes were
performed. Thus, it was seen that the data set included 7070 insertion and deletion alleles.
As a result of these analyzes, the chi-square statistical value was calculated as 0.104 and
the p value as 0.74. In the light of the findings, it was determined that the different ACE
alleles at rs1799752 did not have a statistically significant relationship with late-onset

Alzheimer's disease in Mediterranean populations, and it is shown in Table 12.
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Table 12. The data obtained as a result of the combination of our experimental data
with the data of Durmaz and isbir and other previous studies of Mediterranean
populations show that ACE polymorphism is not associated with late-onset
Alzheimer’s disease in Turk

ACE I/D |Patients Control X2 OR [CI 95%]|p value
N=2041 N=2244
n=% n=%o
Il 327 (%16,02) | 345 (%15,37) (0,13 - 0,93
ID 952 (%46,64) 1042
(%46,43)
DD 762 (%37,33) | 857 (%38,19)
I 1606 1732 0,104 0,98 0,746
(%39,34) (%38,59) (0,8943-
D 2476 2756 1.0834
(%60,65) (%61,40)

Homozygosity / heterozygosity or the presence of one-specific allele do not

show association with late- onset Alzheimer’sin Mediterranean population. Il: Indicates

Insertion / Insertion, ID: Insertion / Deletion, DD: Deletion / Deletion, I: one allele

insertion, D: one allele deletion. p=>0,05
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5. DISCUSSION

This study was conducted on the analysis of prevalence of the Angiotensin
Converting Enzyme (ACE) I/D polymorphism in patients with Alzheimer’s disease (AD)
in comparison with a control group.

The known role of ACE is in the renin-angiotensin system (RAS), whereas the conversion
of Angiotensin | to Angiotensin Il is catalyzed by ACE and Angiotensin Il is a potent

vasoconstrictor.

The enzyme ACE is the catalyzer for the conversion of Angiotensin | to
Angiotensin Il and is localized primarily in the vascular endothelium of the kidneys and
lungs. It affects the kidney, adrenal cortex, arterioles, and brain by binding to angiotensin
Il type | (AT1) and type Il (AT2) receptors as an outcome of the conversion of
Angiotensin | to Angiotensin Il [33]. The contribution of AT receptors is still under
investigation, however it has been recognized that vasodilation occurs by nitric oxide
generation. Angiotensin Il has a half-life of 1 to 2 minutes in the plasma where peptidases

degrade to angiotensin I11 and IV [34].

Angiotensin Il has three impacts on the brain. It binds to the hypothalamus,
stimulates thirst and increases the water intake. The stimulation of the release of ADH
(antidiuretic hormone) by the posterior pituitary is the second effect. ADH or vasopressin
effects to increase water reabsorption in the kidney by introducing aquaporin channels
into the collecting duct. As the third effect, angiotensin 1l reduces the sensitivity of the
baroreceptor reflex. This reduces the baroreceptor response to a crease in blood pressure,
which could counter the purpose of the RAAS(the renin-angiotensin-aldosterone system)
[34], [35]. Angiotensin 1V, one of the degradation products of Angiotensin I, is a
hexapeptide with a wide spectrum of activity in the central nervous system [36]. The
precise identity of AT4 receptors has not been created. The AT4 region may be involved
in memory acquisition and retrieval, as well as in the regulation of blood flow [36].
Angiotensin IV and its analogs may benefit object recognition and avoidance (conditioned

and passive avoidance as spatial memory tasks [37].

Due to the fact that Angiotensin variants such as Angiotensin Il and Angiotensin

IV interact with the CNS (Central Nervous System) and possibly play roles in the memory
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formation, the interaction between the main Enzyme (ACE) which act in the conversion
of Angiotensin | into Angiotensin Il and the occurrence of Dementia and Alzheimer’s

Disease which is one of the main subtypes of late onset dementias has been closely studied

in the past two decades.

In a few studies, it was shown that the I/D polymorphism has a recognizable effect
on ACE quantity that was the highest in the DD genotype, followed by the ID genotype
and lowest in the 11 genotype [38], [39]. In accordance with a recent meta-analysis, it was
asserted that ACE 1/D polymorphism is unlikely to be a major determining factor in the
development of Sporadic AD (SAD) [40].

Earlier studies focus on a possible association of ACE gene polymorphisms and
risk of AD. The association between polymorphisms and risk of AD may depend on the
population differences and case numbers. The aim of this study is to investigate the

association of ACE insertion/deletion (I/D) polymorphisms in patients with AD.

Some studies have shown that 1/D polymorphism in the ACE gene could be
associated with dementia. A study in a Tunisian population [41], a study in a Spanish
population [42], and a study in a Tunisian population [43] found an association of the
ACE gene I/D polymorphism with AD. However, the results are inconclusive and there
is no clear evidence between ACEI/D polymorphism and AD. The results of meta-analysis
of recent years’ studies indicate that insertion allele has an impact on increase of the risk
for AD [44]. Our results also confirmed this correlation since our results also indicated
that | allele has higher frequency in AD patients. It was expected that D allele may be
defined as protection against Alzheimer’s disease where | allele may be the risk allele,

since it deduces the reduction in ACE levels [45].

Based on our results, there is no statistically significant association between D and
| allele frequencies of the ACE and /or 1/D polymorphism with the occurrence
Alzheimer’s Disease in our experimental group. As a second scenario, we focused on the
three studies to observe the results in the Turkish population. The combined results of Isbir
[31], Durmaz [39] and our study also came up with similar findings.
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We also combined the results from 12 previously published studies from countries
of the Mediterranean region [31], [38], [39], [46],[50] and Isbir and Durmaz studies with
our experimental data in order to implement a meta-analysis. The results of 2041
combined cases and 2244 controls from these studies and our study were investigated. As
a result of the combination of the several datasets from previous studies with our own
experimental data, the meta-analysis of these different studies that involve patients
from the Mediterranean region was implemented. The final results show no significant
association between the occurrence of AD and rs 1799752 ACE polymorphism in either
Turkish or Mediterranean Populations. Itis important to highlight that the difference of
our results from other studies implemented on different populations may be due to
differences in the genomic makeup and environmental factor that affect Mediterranean
populations from the populations, on which the other studies were previously

implemented.
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7. APPENDIX

7.1 Volunteer Form

Sayin Hastamiz,

Bu belge bilgilendirilme ve aydinlatilmis onam haklarinizdan
yararlanabilmenizi amaglamaktadir.

Size gergeklestirilebilecek klinik arastirmalar amagli girisimler konusunda,
tim secenekler ile bu girisimlerin yarar ve muhtemel zararlar1 konusunda
anlayabileceginiz sekilde bilgi alma hakkimiz ve bir kopyasim isteme hakkiniz
vardir.

Yasal ve tibbi zorunluluk tasiyan durumlar disinda bilgilendirmeyi
reddedebilirsiniz. Yazili bildirmek kosulu ile bilgi almama veya yerinize
giivendiginiz bir kimsenin bilgilendirilmesini talep etme hakkina sahipsiniz.

Klinik aragtirmalara katilim konusunda bilgilendirildikten sonra bunu kabul
edebilirsiniz. Ya da karar verebilmek i¢in uygun zaman talep edebilirsiniz.

Hayatiniz veya hayati organlarimiz tehlikede olmadigi siirece onaminizi
(yazil1 talep etme kosulu ile) dilediginiz zaman geri alabilir ya da 6nceden kabul
etmediginiz herhangi bir tani/tedavi amagh girisimi tekrar talep edebilirsiniz.

Hastanemizde verilen hizmetleri Hastane Tamtim Brosiiriinden
edinebilirsiniz. Ayrica Hastane personeli hakkinda
http://www.yeditepehastanesi.com.tr, web sayfasindan daha detayli bilgilere
ulasabilirsiniz.

Burada belirtilenlerden baska sorulariniz varsa bunlar1 yanitlamak
gorevimizdir.


http://www.yeditepehastanesi.com.tr/

TANIMLAMA

1. Arastrmanin Adi: Angiotensin — Converting Enzyme Genotipi ile Demans Hastalar1

Arasindaki Baglantinin Arastirilmasi

Arastirmaya Katilimcer Sayisi: 65

Bu arastirmanin Amaci: Demans, biligsel bozukluklara sebep olan ve giinliik yasami
onemli o6lciide olumsuz etkileyen, yaslanma ile gorulme riski belirgin olarak artis
gosteren, diinya genelinde sik rastlanan klinik bir sendromdur. Diinyada yaklasik 350
milyon kisiye demans tanis1 konmusolup, bu sayinin 2030’da 65 milyona ve 2050’de 113
milyona ulasacagi 6n goriilmektedir. Sayilarinin giderek artacagi tahmin edilen demans
tanilarinin 2040 yilina kadar 81,1 milyon taniya ulasacagi ve bu tanilarin %71inin az
gelismis veya gelismekte olan iilkelerden olacagi tahmin edilmektedir. Hastalik riskini
azaltmak veya demans baslangicin1 geciktirmek ig¢in, hastaligin baslangicin1 ve
ilerlemesini daha olas1 kilan psikososyal risk faktorlerine dikkat ¢ekilmektedir. Birgok
aragtirma stresli bir yasamin, ozellikle yaslilikta, biligsel islev iizerinde olumsuz etki

yaratabilecegini One siirmektedir.

ACE genindeki anjiyotensin doniistiirlicii enzim insersiyon (I) ve delesyon (D)
polimorfizminin, plazma ACE konsantrasyonunun bireyler arasi degiskenligi ile dnemli
6lglde bir genetik etki ile iligkili oldugu ve delesyon polimorfizminin, miyokardiyal
enfarktlis ve kardiyomiyopati i¢in bir risk faktoérii oldugu tanimlanmistir. Kisisel veya
ailevi inme Oykiisii ve Alzheimer hastaligi olan kisilerde ACE DD genotipinin daha
yaygin oldugu da bildirilmistir. Serebrovaskuler sistemdeki ACE aktivitesi, yaslanma ve
Alzheimer hastaligina bagl olarak artis gostermektedir. Bu arastirma, ACE geni
polimorfizminin geg baslangigli demansin gelisme riskine etkisini Trk popllasyonunda

degerlendirmeyi amaglamaktadir.
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Siresi: 12 ay

Izlenecek Yontem/Yontemler:

DNA ELDESI:

Demans hastasi oldugu tespit edilen hastalardan 5ml EDTA * I tiiplere yaklagik 350 ml
lik periferik kan alinacaktir. DNA izolasyonu i¢in iPrep DNA ( iPrep Pure link ,
invitrogen ) izolasyon robotu kullanilacaktir. Elde edilen DNA * larin konsantrasyonlari
nanodrop ( Thermoscientific ) cihazi ile belirlenecektir. Saflik 6lgtimleri icin Nano Drop
cihazi ile spektrofotometrik olarak 6l¢iim yapilacaktir. DNA  lar ¢alisma giiniine kadar -
+4°C * de bekletalecektar.

GENOTIP ANALIZI:

ACE mutasyonlarinin belirlenebilmesi i¢in Applied bioscience 7500 Fast Real Time
cihazi kullanilarak Real Time PCR ( polimeraz zincir reaksiyonu ) ile yapilacak ve hedef
varyasyonlarindaki olasi mutasyonlarin belirlenebilmesi icin 6zel primer dizileri

kullanilacaktir.
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ISTATIKSEL ANALIZ:

Calismanin istatistiki analizi i¢in SPSS 25.0 srim kullanilacak. Hasta grubu ve kontrol
grubu katilimcilarin  karsilagtirllmalarinda allel fraksiyonlarinin  ve genotiplerin
karsilastirilmast icin ki kare testi kullanilacaktir. Hasta ve kontrol grubu anlamlilik

Ol¢limii igin student ‘st test kullanilacaktir. Anlamlilik seviyesi p <0.05 kabul edilecektir.

Arastirma Sonunda Beklenen Fayda

Angiotensin — Converting Enzyme Genotipi ile Demans Hastalar1 Arasindaki Baglantinin

Belirlenmesi

Bu Calismada Herhangi Bir Alternatif Tedavi ya da Girisimde Bulunulmayacaktir.

Bu Arastirma Goniilliler I¢in Hicbir Risk Teskil Etmemekte ve Hicbir Rahatsizhga

Sebep olmamaktadir.

ONAM (RIZA)

Bilgilendirilmis Goniillii Olur Formundaki tiim agiklamalar1 okudum. Bana, yukarida
konusu ve amaci belirtilen arastirma ile ilgili yazili ve sozlii agiklama asagida adi
belirtilen hekim tarafindan yapildi. Arastirmaya goniillii olarak katildigimi, istedigim
zaman gerekceli veya gerekcesiz olarak arastirmadan ayrilabilecegimi ve kendi istegime
bakilmaksizin aragtirmaci tarafindan arastirma dis1 birakilabilecegimi biliyorum. Bu
durumda hastanenin c¢alisma diizeni ve hastalara verilen bakimda aksaklik olmayacagi
konusunda bilgilendirildim. Bu arastirmaya katilirken zorlama, maddi ¢ikar ve ast {ist
iligskisine dayali herhangi bir bask1 olmaksizin bu galismaya katildigim1 beyan ederim. Bu
bilimsel ¢alismanin devami esnasindaki siirecle ilgili olarak ayrica eklenen calisma
protokoli ile bilgilendirildim. Tarafimdan alinan kan ve doku Orneklerinin daha sonra

bagka arastirma ¢aligmalarinda kullanilmasinda herhangi bir sakinca yoktur.

S0z konusu arastirmaya, higbir baski ve zorlama olmaksizin kendi rizamla katilmay1

kabul ediyorum,
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Gonullinin:

Ad1 Soyadi:

Imzasi:

Tarih:

Aciklamalar1 Yapan Kisinin:

Ad1 Soyadi:

Imzasi:

Tarih:

Gerekiyorsa Olur Islemine Tanik Olan Kisinin:

Ad1 Soyadi:

Imzasi:

Tarih:
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Gerekiyorsa Yasal Temsilcinin :

Adi1 Soyadt:

Imzasi:

Tarih:

Klinik Arastirma Proje Koordinatori Iletisim Bilgileri:

Adi Soyadi: Uzmanlik alant: Kurumu:

E-posta adresi:

Telefon numarast:
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T.C. YEDITEPE UNIVERSITESI

Say1: 37068608-6100-15- 2133 22/04/2021
Konu: Klinik Arastirmalar
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