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Abstract

Background: Alzheimer's disease (AD) is strongly influenced by genetic factors, particularly the
genes Amyloid precursor protein (APP), presenilinl (PSEN1), and presenilin2 (PSEN2), which are
considered significant causative genes for AD and are responsible for 1% to 5% of cases of the
disease. Over time, various evolutionary forces can lead to changes in allele frequencies, and these
frequencies can be used to infer past evolutionary events. This particular study aimed to investigate
the relationship between single nucleotide polymorphisms (SNPs) of the APP, PSEN1, and PSEN2
genes and Alzheimer's disease within the population of northwestern Iran.

Methods: The researchers sequenced the nuclear genomes of 54 healthy individuals using a technique
called whole exome sequencing (WES). They then calculated the frequency of gene variants
associated with Alzheimer's disease in these individuals. They compared it with the frequency of
SNVs (single nucleotide variants) in other regions of Iran using the Iranome database
(www.iranome.ir) and populations outside of Iran using the OMIM project. Additionally, the
researchers predicted the pathogenicity of these variants.

Results and Conclusion: The study found that some of the studied variants of the APP gene were
not detected in healthy individuals, while two variants were observed at low frequencies. The PSEN1
and PSEN2 variants were found to be present in the population under study. These results were
consistent with the findings of the Iranome and OMIM projects. Based on these results, the study
suggests the importance of early detection of individuals with memory decline in the susceptible
population and raising public awareness about preventive measures for Alzheimer's disease.
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1. Introduction

Alzheimer's is the most common disease of brain dysfunction or dementia; Alzheimer's disease (AD)
is a multifactorial and progressive neurodegenerative disease that affects specific areas of the
brain (1). The main neuropathological features are the extracellular deposition of amyloid [3-protein
(AP) and the intracellular formation of neurofibrillary tangles (2). When the disease occurs before the
age of 65, it is called early-onset or presenile AD, while late-onset or senile AD occurs after the age
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of 65. Alzheimer’s disease (AD) is characterized by an insidious onset and slowly progressing
memory loss, and advancing to deficits in higher intellectual functions and cognitive abilities,
typically across multiple domains (language, praxis, recognition, or executive functioning) (3).
According to current theories, amyloid beta (AP) builds up abnormally in the brain, either
extracellularly as tau and amyloid plaques or intracellularly as neurofibrillary tangles, disrupting
neuronal connection and functioning and causing a progressive loss of brain function (4).

Less than 2% of cases of Alzheimer's are inherited (autosomal dominant). These varieties of
Alzheimer's disease also referred to as early-onset familial Alzheimer's disease, can start very early
and progress more quickly (5). Three genes—those encoding the PSEN1 and PSENZ2 and the amyloid-
beta precursor protein (APP)—can be mutated to cause early-onset familial Alzheimer's disease (4).
AP 42, the primary component of amyloid plaques, is produced more frequently as a result of most
mutations in the APP and presenilin genes (6).

The type | membrane protein known as APP has an extensive extracellular domain and a condensed
cytoplasmic portion. To release AP from APP, two cleavage events are required: one in the
extracellular domain (cleavage by B-secretase) and one in the transmembrane region (cleavage by y-
secretase). From a single gene, alternative splicing can produce a variety of APP proteins (695-770
amino acids). APP695 is the predominant splice form in neurons (7). Two different proteolytic
processes are used to cleave the precursor proteins. In the nonamyloidogenic processing pathway, a-
secretase cleaves APP within the A domain, producing a large soluble ectodomain (sAPPa) and a
C-terminal fragment (C83) with 83 residues that are membrane-associated (8). A number of the
proteases in the ADAM family have -secretase activity. Following cleavage of C83 by -secretase, P3
and the APP intracellular domain (AICD) are produced (8)(9).

In the amyloidogenic pathway, f-secretase or BACE, a membrane-tethered protease, cleaves APP at
the N-terminus of the A domain, releasing a soluble ectodomain (SAPPP) and a 99-residue,
membrane-retained C-terminal fragment (C99) (10). After that, presenilin, a catalytic component of
the membrane-embedded complex known as -secretase, cleaves C99 to release A peptides and AICD
(11). The promiscuous nature of the y-secretase cleavage site results in the production of A peptides
with various C termini, such as AB1-40 (AB40), AB1-42 (AB42), and other minor species (12). AB40
is the most prevalent species produced in the amyloidogenic pathway under physiologically normal
conditions, with AB42 accounting for only 10% of the total AB(13). However, AB42 is regarded as a
hazardous peptide since it is more likely to form fibrils and encourages AP aggregates, which are the
main neurotoxic agents (14)(15).

Even though APP gene abnormalities only account for a small portion of AD patients, these
alterations—including APP duplication and missense variants—directly link the AP generation to the
pathophysiology of AD. Studying Down syndrome has furthered the mechanical connection between
AD and APP (DS). (16).

presenilin is a catalytic compound of the gamma secretase complex and plays an important role in
beta-amyloid cascade in Alzheimer's disease. Although mutations in the presinelin gene 2 (PSEN2)
gene have been reported to be a major contributor to familial Alzheimer's disease, morphogenesis
mutations in the presinelin gene 2 (PSEN2) are also rare (17). Other functions of personnel have
been suggested in protein synthesis and circulation, in calcium balance, in the regulation of beta-
catenin signals, etc. sometimes inside or outside the gamma secretase complex. Presinelin were
initially identified as sites of malignant mutations for AD. Mutations in the presinelin gene2 (PSEN2)
cause familial AD. Common polymorphisms affect gene activity and increase the risk of Alzheimer's
disease (18).

The presenilin 1 (PSEN1) gene, which encodes a polytopic membrane protein, was found to have
alterations using positional cloning and linkage investigations, which confirmed the existence of an
AD3 locus on chromosome 14 (19).

Presenilin’s play a significant role in the atypical aspartyl protease complexes that cleave APP by y-
secretase (20).

The most frequent cause of early-onset familial Alzheimer's disease (EOFAD) is mutations in the
PSENL1 protein. Indeed, 18% to 50% of autosomal dominant EOFAD cases are caused by missense
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mutations in PSEN1. 96 In 390 families, over 176 distinct PSEN1 mutations have been found. The
most severe types of AD are caused by defects in PSEN1, with total penetrance and onset as early as
30 years of age (21).

The most frequent cause of familial Alzheimer's disease (FAD) is mutations in the PSEN1 gene,
which codes for presenilin-1 (PS1). A variety of type 1 transmembrane proteins, most notably the
amyloid precursor protein (APP) and Notch, are cleaved by the intramembranous protease PS1, which
has the role of PS1 as its catalytic subunit. After cleaving APP previously by B-secretase, y-secretase
processes APP to produce -amyloid (A) peptides of various lengths. While AB40 makes up 90% of
all AP synthesis, the lesser AB42 product is more hydrophobic and is assumed to be the initiator of
AP aggregation, resulting in the deposition of amyloid plaque in the AD brain (16)(22).

According to the amyloid hypothesis, PSEN1 mutations start the pathophysiology of illness by
enhancing the synthesis of AB42 (23). PSEN1 mutations accelerated APP processing and increased
the generation of A42, which led to the development of FAD (24).

A candidate gene for the chromosome 1 AD4 locus was identified in 1995 in a Volga German AD
kindred with a high homology to the AD3 locus (PSEN1); this gene was later named presenilin 2
(PSENZ2) (25).

Missense mutations in the PSEN2 gene could have a lower penetrance than those in the PSEN1 gene,
making them more susceptible to environmental factors or other genes' modifying effect (26).
Sequence homology was used to pinpoint the PSEN2 gene's location on chromosome 1 (1g42.13),
after which it was cloned. A 448-amino-acid peptide is encoded by the 12 exons in PSEN2, which
are split up into 10 translated exons. PSEN2, which has 12 exons and is divided into 10 translated
exons, encodes a peptide with a length of 448 amino acids. Nine transmembrane domains plus a
significant loop structure between the sixth and seventh domains are predicted to make up the PSEN2
protein. Additionally, PSEN2 exhibits tissue-specific alternative splicing (27).

2. Material and method

2.1. Sample preparation

This research was conducted on 54 people in in north west of Iran , all of whom were healthy in terms
of Alzheimer's phenotype, and none of them showed this disease. First, with their consent, blood was
taken from these 54 people

2.2. Genomic DNA Extraction

Red blood cells (RBCs) were lysed using a hypotonic buffer (ammonium bicarbonate and ammonium
chloride; Himedia) to separate them with the least amount of lysing impact on lymphocytes. Blood
sample was added to three volumes of RBC lysis buffer, vortexed and inverted vigorously for five
minutes, and then centrifuged at 20,00 g for ten minutes. A small amount, around 1 ml, of the
supernatant was kept to prevent cell loss. A clean white pellet and a clear supernatant were obtained
after adding 3 vol of RBC lysis buffer to the pellet and repeating the vertexing, inverting, and
centrifuging procedures two or three times.

The pellet was resuspended in 500 ml PBS after the final wash, and the supernatant was entirely
discarded. Then, 400 ml of proteinase K (10 mg/ml stock; Himedia) and 10 ml of cell lysis solution
(20 mM Tris-HCI, 10 mM EDTA, 50 mM NacCl, 10% SDS) were added.

After thoroughly dissolving the pellet, the sample was vortexed and allowed to lyse for two hours at
56°C in a water bath (CW-30G; Jeio Tech). The tube was then filled to its original volume with
phenol (pH 8 equilibrated with Tris) and well mixed by being inverted for one minute.

The tube was centrifuged at 10,000 g (at 4°C) for 10 min. The aqueous upper layer was then
transferred to a new tube containing equal volumes (1:1) of phenol and chloroform: isoamyl alcohol
(24:1). After being inverted for one minute to mix the contents, the tube was centrifuged at 10,000 g
for ten minutes at 4°C. After that, 10 pl of RNase A (Ferments, Thermo Scientific) at a concentration
of 10 mg/ml was added to the supernatant in a brand-new tube.
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Before adding an equivalent volume of chloroform: isoamyl alcohol (24:1) and mixing it, the sample
was heated to 37°C for 30 minutes. After that, the sample was centrifuged at 10,000 g (at 4°C) for 10
minutes.

The supernatant was transferred to a new tube, and then 10,000 g of 100% alcohol (Merck) was
centrifuged at 4°C for 20 minutes after being introduced to the tube and gently inverted a few times
while refrigerated at —20°C. A laminar air flow was used to dry the pellet, and the dried pellet was
then resuspended in 50 pl of nuclease-free water or 1xTE buffer and then frozen at —20°C or —80°C
for storage.

2.3. whole exome sequencing

The samples were sequenced by whole exome sequencing method that uses the Illumina NovaSeq
6000 platform to read the sequences. This type of Illumina company's platform was released to the
market for the first time in 2017.

the Variant Call Format ( VCF) file and the number of samples are given to, WANNOVAR web server
(https://wannovar.wglab.org) for interpretation whole exome sequencing . Finally, this web server
will provide two outputs, titled Summary of Exome Results and Summary of Genome Results.
Genes responsible for Alzheimer's disease were obtained using the OMIM web server. Three of these
genes were selected ( APP, PESN1,PESN2) and SNVs related to each of these genes were searched
for each patient

Then the SNV related to each of these genes was investigated for pathogenicity using the VARSOME
free web server (https://varsome.com)

2.4. Calculating the frequency of SNVs and comparing for other population
By counting the number of homozygous and heterozygous SNVs related to each gene, the frequency

of each of these SNVs was calculated in this group of 54 healthy people by below
Formula.

~  2Ngg+ Nyq
N 2N

A 2Naa + NAa
1= 2N

The frequencies calculated for each of these SNV's were compared with their frequencies in different
populations of different regions as recorded in the SNP section of the NCBI web server
(https://www.ncbi.nlm.nih.gov/snp/). Also, in order to compare the computed frequencies for each of
these SNVs with the Azeri population's frequencies as recorded in the Iranome.

3. Result

According to the results of App obtained in this study, it was shown that only the rs2829997 rs440666
variant was observed in a very small number of healthy subjects and the rest of the variants were not
observed in this Azeri population.

The results of the study on the PSEN1 gene have also shown that the frequency of variants rs1800680
0.01, rs35519961 0.07 and rs753561991 0.4 in the studied Azeri population.

Also, the results obtained on the psen2 gene in this study have reported the frequency of variants for
the first time in the Azeri population as follows.
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rs144466165, rs165934, rs214269, rs72734456, and rs78558172 variants (about 0.01, 0.01, 0.06,
0.01, and 0.01 respectively).
The full details of the results are reported in the table below

3.1. The results of calculating the frequency and investigating the pathogenicity of SNV

APP gene

The calculated frequency of SNVs related to this gene is shown in the table (Tablel). Pathogenicity
analysis revealed that all SNVs are benign.

Table 1: The results of calculating the frequency and investigating the pathogenicity of SNV
related to the APP gene

APP gene
rs number g?zngple Heterozygote(s) | Homozygote(s) 'Ig‘rlelzzllfency Pathogenicity

1 rs2409160 54 10 5 0.18518518 | Benign
2 rs2829997 54 21 23 0.62037037 | Benign
3 rs417676 54 3 16 0.32407407 | Benign
4 rs2251337 54 9 35 0.73148148 | Benign
5 rs440666 54 12 29 0.64814814 | Benign
6 rs2070655 54 13 4 0.19444444 | Benign
7 rs3737413 54 18 8 0.31481481 | Benign
8 rs3737414 54 12 5 0.20370370 | Benign
9 rs3737415 54 14 4 0.20370370 | Benign
10 | rs2829996 54 7 19 0.41666666 = Benign
11 | rs45511695 54 2 0 0.01851851 | Benign
12 | rs12482070 54 3 1 0.04629629 | Benign
13 | rs12482071 54 3 2 0.06481481 Benign
14 | rs368841366 54 1 0 0.00925925 | Benign
15 | rs2051504 54 0 9 0.16666666 | Benign
16 | rs41276546 54 2 0 0.01851851 | Benign
17 | rs76431353 54 1 0 0.00925925 | Benign
18 | rs45558740 54 1 0 0.00925925 | Benign
19 | rs869220090 54 0 1 0.01851851 | Benign
20 | rs869215714 54 0 1 0.01851851 Benign
21 | rs2829966 54 2 3 0.07407407 | Benign
22 | rs144506349 54 1 0 0.00925925 | Benign
23 | rs913922305 54 1 0 0.00925925 | Benign
24 | rs45467193 54 2 0 0.01851851 Benign
25 | rs67792436 54 1 0 0.00925925 | Benign
26 | rs2409166 54 0 5 0.09259259 Benign
27 | rs1022958492 | 54 2 0 0.01851851 | Benign

PSENL1 gene
The calculated frequency of SNVs related to this gene is shown in the table (Table 2). Pathogenicity
analysis revealed that all SNVs are benign.
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Table 2. The results of calculating the frequency and investigating the pathogenicity of SNV related
to the PSEN1 gene

PSEN1 gene
Sample .
rs number Size Heterozygote(s) | Homozygote(s) | Allele Frequency Pathogenicity

1 | rs114944042 54 6 1 0.0740740740740741 | Benign
2 | rs144466165 54 2 0 0.0185185185185185 = Benign
3 | rs165934 54 0 1 0.0185185185185185 | Benign
4 | rsl77383 54 1 0 0.0092592592592593 | Benign
5 | rs214269 54 1 3 0.0648148148148148 | Benign
6 | rs28532025 @ 54 2 0 0.0185185185185185 @ Benign
7 | rs3025786 54 5 0 0.0462962962962963 = Benign
8 | rs362355 54 1 0 0.0092592592592593 | Benign
9 | rs61986903 | 54 1 0 0.0092592592592593 | Benign
10 rs63751441 54 1 0 0.0092592592592593 | Benign
11 | rs72734456 54 2 0 0.0185185185185185 | Benign
12 | rs78558172 | 54 1 0 0.0092592592592593 | Benign
13 | rs8011335 54 2 1 0.037037037037037 Benign

PSEN2 gene
The calculated frequency of SNVs related to this gene is shown in the table (Table 3). Pathogenicity
analysis revealed that all SNVs are benign.

Table 3: The results of calculating the frequency and investigating the pathogenicity of SNV

related to the PSEN2 gene
PSENZ2 gene
Sample .
rs number Size Heterozygote(s) | Homozygote(s) | Allele Frequency Pathogenicity

1 | rs1046240 54 24 16 0.5185185185185185  Benign
2 | rs10753428 | 54 12 34 0.7407407407407407  Benign
3 | rs111567390 | 54 5 0 0.0462962962962963 = Benign
4 | rs11405 54 14 36 0.7962962962962963  Benign
5 | rs114076393 | 54 1 0 0.0092592592592593 | Benign
6 | rs1295643 54 21 16 0.4907407407407407  Benign
7 | rs1295644 54 10 32 0.685185185185185 Benign
8 | rs1800679 54 2 0 0.0185185185185185 | Benign
9 | rs1800680 54 6 1 0.0740740740740741  Benign
10 | rs2236910 54 13 37 0.8055555555555556 = Benign
11 | rs2236915 54 2 2 0.0555555555555556 = Benign
12 | rs2802267 54 9 34 0.712962962962963 Benign
13 | rs2855562 54 23 16 0.5092592592592593 | Benign
14 | rs35519961 | 54 0 1 0.0185185185185185 @ Benign
15 | rs58973334 | 54 3 0 0.0277777777777778  Benign
16 | rs59683545 54 3 0 0.0277777777777778 | Benign
17 | rs61730652 | 54 1 0 0.0092592592592593 | Benign
18 | rs6759 54 22 16 0.5 Benign

3.2.The results of comparing the frequency of SNVs in our cohort Study with the SNP and the
Iranome databases

APP gene

The results of comparing the frequency of SNVs found in the APP gene with its frequency in different
populations in SNP and also with Iranome data are given below (Table 4).
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Table 4: The results of comparing the frequency of APP gene SVNs with its frequency in SNP
and lranome databases

Table 4: The results of comparing the frequency of APP gene SVNs with its frequency in SNP and
Iranome databases

Lack of information B Lack of information Compatibility with B Lack of information
in SNP and Iranome in SNP Tranome in ALFA Project in
SNP
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PSEN2 gene

The results of comparing the frequency of SNVs found in the PSEN2 gene with its frequency in
different populations in SNP and also with Iranome data are given below (Table 6).

Table 6. The results of comparing the frequency of PSEN2 gene SVNs with its frequency in SNP
and Iranome databases
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4. Discussion
4.1. APP gene

Neuropathologically, AD is distinguished by neuronal cell loss, extracellular neuritic plaques
composed of AP, and intracellular neurofibrillary tangles composed of hyperphosphorylated tau
protein (28). Two 3-SNP windows at the APP locus, each with three SNPs, were linked to verbal
declarative memory in people who carried at least one APOE 4 allele (29). The first region was made
up of three SNPs: rs2829997, rs440666, and rs2014146 and covered 8163 bp. The associated
haplotype was uncommon, with genotype GTG. The second genomic region was 7326 bp in length
and contained three SNPs, rs1783025, rs380417, and rs1787438. These SNPs are found near known
pathogenic genes (29). However, none of the three variants were found in any of the healthy subjects
we studied. Both the rs2829997 and rs440666 variants are present only in a small number of healthy
individuals in the Azeri population.

4.2. PSEN1 gene

Early-onset familial autosomal dominant AD is brought on by mutations in the PSEN1 gene on
chromosome 14g24.3 (30). The rs3025786 variant on the PSEN1 gene is one of the variants identified
in the present study, and its frequency in Azari population is about 0.04, which is almost consistent
with the value reported in the Iranome. The frequency of this variant in the world is about 0.04, and
its lowest frequency is in the populations of Africa and Asia. In one study, according to in silico
analysis, it may disrupt an intronic splicing motif site, interfering with the splicing process (31).
Therefore, it can probably cause Alzheimer's disease. The frequency of rs144466165, rs165934,
rs214269, rs72734456, and rs78558172 variants (about 0.01, 0.01, 0.06, 0.01, and 0.01 respectively)
in the Azeri population was reported for the first time in this study.

4.3. PSEN2 gene

Generally, the PSEN2 gene mutations that cause familial Alzheimer's disease. Gene activity is
impacted by frequent polymorphisms, which raises the risk of AD. However, a study on a Japanese
population discovered that frequent SNPs of the PSEN2 gene had no impact on AD risk. Due to the
fact that behavioral and psychological symptoms of dementia (BPSD) in AD are correlated with
genetic variation of the PSEN2 gene. In the mentioned study on the Japanese population, rs11405,
rs6759 and rs1046240 variants were investigated (30).

The frequencies of rs1046240, rs11405, and rs6759 variants in the world are about 0.5, 0.8, and 0.5,
respectively. In the present study, the frequency of these variants was about 0.5, 0.8, and 0.5,
respectively, which was consistent with the value reported in the Iranom. The lowest frequency of
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these variants is about 0.3, 0.6, and 0.3, respectively, in African, East Asian, and African populations.
Also, all these variants are reported as benign. It is worth mentioning, according to Zhang et al. (32),
schizophrenia patients' blood cells showed altered mRNA expression in response to rs6759. The
frequency of two variants, rs1800680, rs35519961, and rs753561991 (respectively 0.01, 0.07, and
0.4) in the Azeri population was determined for the first time in this study. Based on the calculations,
the rs35519961 variant in the Azeri population is probably not a polymorphism. The frequency of the
rs753561991(R62H) variant was not documented in NCBI. One study discovered a highly significant
link between R62H and age at the onset of AD (33). Also, a sporadic Alzheimer's case had previously
been associated with this variation. In African groups, it is a reasonably common polymorphism (33).
Studies on the impact of the variation on AR metabolism found no change in the generation of AR42,
and this residue, located in the N-terminal of the protein, is conserved across PSEN1 and PSEN2
(R60 in PSEN1)(34). In the present study, the frequency of this variant in the Azeri population was
about 0.02. Therefore, the polymorphism is not common in this population. As a result, there is
probably not much concern about Alzheimer's disease.

according to the variants that have already been researched and whose results indicate an increased
risk of disease and have been identified in this study, based on their frequency in this population, the
necessary preventive measures were taken for that population.

Reference

1. Bis JC, Jian X, Kunkle BW, Chen Y, Hamilton-Nelson KL, Bush WS, et al. Whole exome
sequencing study identifies novel rare and common Alzheimer’s-Associated variants involved in
immune response and transcriptional regulation. Mol Psychiatry. 2020;25(8):1859-75.

2. Yiannopoulou KG, Papageorgiou SG. Current and future treatments in Alzheimer disease: an
update. J Cent Nerv Syst Dis. 2020;12:1179573520907397.

3. Magno L, Lessard CB, Martins M, Cruz P, Katan M, Bilsland J, et al. Alzheimer’s disease
Phospholipase C-gamma-2 (PLCG2) protective variant is a functional hypermorph. bioRxiv.
2018;0:1-11.

4. Murphy MP, Levine H. Alzheimer’s disease and the amyloid-f peptide. J Alzheimer’s Dis.
2010;19(1):311-23.

5. Long JM, Maloney B, Rogers JT, Lahiri DK. Novel upregulation of amyloid-f precursor protein
(APP) by microRNA-346 via targeting of APP mRNA 5’-untranslated region: Implications in
Alzheimer’s disease. Mol Psychiatry. 2019;24(3):345-63.

6. Heilig EA, Xia W, Shen J, Kelleher RJ. A presenilin-1 mutation identified in familial Alzheimer
disease with cotton wool plaques causes a nearly complete loss of y-secretase activity. J Biol
Chem. 2010;285(29):22350-9.

7. Ida N, Hartmann T, Pantel J, Schroder J, Zerfass R, Forstl H, et al. Analysis of heterogeneous
A4 peptides in human cerebrospinal fluid and blood by a newly developed sensitive Western blot
assay. J Biol Chem. 1996;271(37):22908-14.

8. F. Lichtenthaler S. Alpha-Secretase Cleavage of the Amyloid Precursor Protein: Proteolysis
Regulated by Signaling Pathways and Protein Trafficking. Curr Alzheimer Res. 2012
Feb;9(2):165-77.

9. Mohammed RAK, Barrak MM, Hussein HH, Hasan MS. Molecular Diagnosis Of Some
Anaerobic Bacteria From The Root Canals. NVEO-NATURAL VOLATILES Essent OILS
Journal| NVEO. 2021;5415-22.

10. Tycko R. Molecular structure of aggregated amyloid-p: Insights from solid-state nuclear
magnetic resonance. Cold Spring Harb Perspect Med. 2016;6(8):1-17.

11. Haass C. Take five - BACE and the y-secretase quartet conduct Alzheimer’s amyloid B-peptide
generation. EMBO J. 2004;23(3):483-8.

12. Kaminsky YG, Marlatt MW, Smith MA, Kosenko EA. Subcellular and metabolic examination
of amyloid-p peptides in Alzheimer disease pathogenesis: Evidence for AB25-35. Exp Neurol.
2010 Jan;221(1):26-37.

13. Wiltfang J, Merten HA, Schlegel KA, Schultze-Mosgau S, Kloss FR, Rupprecht S, et al.

Vol.31 No.2 (2024): JPTCP (9980-9996) Page | 9994


https://jptcp.com/index.php/jptcp/issue/view/79

Investigate The Variety Of Genes Involved In Alzheimer’s Disease In The Population Of North West Of Iran

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Degradation characteristics of o and f tri-calcium-phosphate (TCP) in minipigs. J Biomed Mater
Res. 2002 Jan;63(2):115-21.

Wolfe MS, Guénette SY. APP at a glance. J Cell Sci. 2007;120(18):3157-61.

Al-Rubea FM, Mohammed RAK, Barrak MM, Aboob AJ. Molecular Detection Of
Bifidobacterium Dentium From Patients With Tooth Caries. NVEO-NATURAL VOLATILES
Essent OILS Journal| NVEO. 2021;5423-30.

Van Giau V, Bagyinszky E, Youn YC, An SSA, Kim SY. APP, PSEN1, and PSEN2 mutations
in asian patients with early-onset alzheimer disease. Int J Mol Sci. 2019;20(19).

Jiang B, Zhou J, Li HL, Chen YG, Cheng HR, Ye LQ, et al. Mutation screening in Chinese
patients with familial Alzheimer’s disease by whole-exome sequencing. Neurobiol Aging.
2019;76:215.e15-215.e21.

Fehér A, Juhasz A, LaszIlo A, Kalman J, Pakaski M, Kéalman J, et al. Association between a
variant of the sigma-1 receptor gene and Alzheimer’s disease. Neurosci Lett. 2012;517(2):136—
9.

Schellenberg GD, Bird TD, Wijsman EM, Orr HT, Anderson L, Nemens E, et al. Genetic Linkage
Evidence for a Familial Alzheimer’s Disease Locus on Chromosome 14. Science (80- ). 1992
Oct;258(5082):668—71.

De Strooper B, Saftig P, Craessaerts K, Vanderstichele H, Guhde G, Annaert W, et al. Deficiency
of presenilin-1 inhibits the normal cleavage of amyloid precursor protein. Nat 1998 3916665.
1998 Jan;391(6665):387-90.

Wolfe MS. When loss is gain: Reduced presenilin proteolytic function leads to increased
AP42/AB40. Talking Point on the role of presenilin mutations in Alzheimer disease. EMBO Rep.
2007;8(2):136-40.

Ali MD, Barrak MM, Salman RI, Sa’doon NM. The combined effect of artemisia absinthium
methanolic extract and vinblastine chemotherapy on apoptosis and decreasing chemotherapy
drug concentration. In: AIP Conference Proceedings. AIP Publishing; 2023.

Hardy J, Selkoe DJ. The Amyloid Hypothesis of Alzheimer’s Disease: Progress and Problems
on the Road to Therapeutics. Science (80- ). 2002 Jul;297(5580):353-6.

Kimberly WT, LaVoie MJ, Ostaszewski BL, Ye W, Wolfe MS, Selkoe DJ. y-Secretase is a
membrane protein complex comprised of presenilin, nicastrin, aph-1, and pen-2. Proc Natl Acad
Sci U S A. 2003;100(11):6382-7.

Sherrington R, Froelich S, Sorbi S, Campion D, Chi H, Rogaeva EA, et al. Alzheimer’s Disease
Associated with Mutations in Presenilin 2 is Rare and Variably Penetrant. Hum Mol Genet. 1996
Jul;5(7):985-8.

Borchelt DR, Thinakaran G. Familial Alzheimer’s Disease—Linked Presenilin 1 Variants Elevate
AX|1-42/1-40 Ratio In Vitro and In Vivo. Neuron. 1996;17(43):1005-13.

Anwar R, Moynihan TP, Ardley H, Brindle N, Coletta PL, Cairns N, et al. Molecular Analysis
of the Presenilin 1 (S182) Gene in “Sporadic” Cases of Alzheimer’s Disease: Identification and
Characterisation of Unusual Splice Variants. J Neurochem. 1996 Apr;66(4):1774—7.

Chen JX, Yan S Du. Amyloid-p-induced mitochondrial dysfunction. J Alzheimer’s Dis.
2007;12(2):177-84.

Deary 1J, Hamilton G, Harris SE, Davies G, Liewald DC, Tenesa A, et al. Alzheimer’s disease
genes are associated with measures of cognitive ageing in the Lothian Birth Cohorts of 1921 and
1936. Int J Alzheimers Dis. 2011;2011.

Suzuki A, Shibata N, Kasanuki K, Nagata T, Shinagawa S, Kobayashi N, et al. Genetic
Association between Presenilin 2 Polymorphisms and Alzheimer’s Disease and Dementia of
Lewy Body Type in a Japanese Population. Dement Geriatr Cogn Dis Extra. 2016;6(1):90-7.
Abdala BB, dos Santos JM, Gongalves AP, da Motta LB, Laks J, de Borges MB, et al. Influence
of low frequency PSEN1 variants on familial Alzheimer’s disease risk in Brazil. Neurosci Lett.
2017 Jul;653:341-5.

Zhang J, Chen J, Xu Q, Shen Y. Does the presenilin 2 gene predispose to schizophrenia?

Vol.31 No.2 (2024): JPTCP (9980-9996) Page | 9995


https://jptcp.com/index.php/jptcp/issue/view/79

Investigate The Variety Of Genes Involved In Alzheimer’s Disease In The Population Of North West Of Iran

33.

34.

Schizophr Res. 2009 Apr;109(1-3):121-9.

Cruchaga C, Chakraverty S, Mayo K, Vallania FLM, Mitra RD, Faber K, et al. Rare variants in
APP, PSEN1 and PSENZ2 increase risk for AD in late-onset Alzheimer’s disease families. PLoS
One. 2012;7(2):1-10.

Hoover K V, Walker JMT, Sandler HM, Green CL, Wilkins AS, Closson K, et al. Become
Involved ? and Implications. 2005;106(2):105-30.

Vol.31 No.2 (2024): JPTCP (9980-9996) Page | 9996


https://jptcp.com/index.php/jptcp/issue/view/79

