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/Abstract

examines healthy brain cells from an AD patient using microarrays. After uploading these samples to a DNA sp
they will undergo cell culture, RNA isolation, reverse transcription (cDNA), and fluorescent dye addition

\interact with proteins to determine how Alzheimer's disease treatments affect patients.

~

Alzheimer's disease (AD) is dementia of memory and other brain cell functions like thinking, personality, and others.
More oxidative stress and misfolded proteins cause it. As nerve cells, connections, and molecular pathways important
to this study are slowly lost in different tissues, the brain shrinks. Wnt signaling, AMPK, mTOR, Sirtl, and peroxide
proliferator-activated receptors are examples. This is the latest way to slow or stop Alzheimer's disease. This study

ot,
to

differentiate the cells. To graph colored dyes, we will combine cDNA probes from oligonucleotide microarray
sequences from both samples. This method shows that A.D. cells grow faster than normal cells. Normalizing data and
getting feature counts from de-Seq and statistical analysis require NGS studies. Meanwhile, we're studying how drugs

)
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fDonepezil may slow Alzheimer's progression or cause strange body changes, so it's important to know. How\
the drug interacts with non-Alzheimer's protein drugs is also crucial. Since aducanumab is an injection, we will
study its efficacy and side effects in sick people.

Keywords

Molecular Pathways; Statistical Analysis; Alzheimer’s Disease.

Aim & Objective

Aim of this study is to observe the gene expression levels from different cells of Alzheimer’s genes with

different statistical tests and methodologies, metabolic pathways also with, Pharmacokinetics and
Pharmacodynamics of Alzheimer’s drugs.

Introduction

Cholinergic neuron degeneration is the primary cause of Alzheimer's disease (AD), a neurodegenerative
condition [1]. This can affect behavior, motor skills, and cognition. It causes dementia in 10% of 65-year-
olds and 50% of 85-year-olds [2]. It's the leading cause of dementia in seniors. Around 4 million Americans
have Alzheimer's. The WHO estimates that 114 million more people will have Alzheimer's by 2050 [19].
This will strain the economy and minds. There is no drug on the market that can slow or stop Alzheimer's
brain cell death. Researchers found that sick people's brains have low glucose levels, indicating illness.
Slowing basal glucose metabolism in AD will be a sensitive sign that could be used to track the disease's
progression [3]. Alzheimer's disease may worsen due to extracellular amyloid beta (AB) plaque adhesion.
Sleep deprivation can cause this. Most Alzheimer's disease damage is to the hippocampus and thalamus.
More evidence links genetic and environmental factors to Alzheimer's disease [4].

Exploring diverse pathways and biomarkers in alzheimer's disease
A small number of molecular pathways are involved in Alzheimer's disease. The provided abstract

discusses the topics of Wnt signaling [5], 5' adenosine monophosphate-activated protein kinase (AMPK),
mammalian target of rapamycin (mTOR), Sirtuin 1 (Sirtl) [6], and peroxisome proliferator-activated
receptor coactivator 1.

Bmp4 overexpression for app/tau upregulation and alzheimer's memory deficits
There was a study that looked at how higher levels of BMP4, APP, and Tau were linked to memory loss in

a mouse model of Alzheimer's disease (AD) [7,8]. The findings showed that giving AD mice too much BMP4
increased the levels of APP and Tau, made A-plaque buildup worse, and caused memory and recognition
problems [9]. This means that BMP4 might be a key part of how AD works and could be a good target for
treatment to improve memory [10].

The CB2 cannabinoid receptor and its potential activity against Alzheimer's disease
According to research, Alzheimer's disease (AD) may be treated by focusing on the CB2 cannabinoid

receptor, which is a component of the endocannabinoid system [11]. Neurons contain CB2 receptors,
especially in regions like the cortex and hippocampus where AD pathology is prevalent [12]. CB2 receptor
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activation can clear AB plaques, lessen neuronal damage, and lower pro-inflammatory cytokines. This
shows that activating CB2 receptors may be a useful therapeutic approach for AD [13]. To ascertain its
efficacy, safety, and mechanisms, more research is required.

Corpus callosum shape and size changes in early alzheimer's disease: a longitudinal mri study

using the oasis brain database
There are big differences in the corpus callosum's size and shape between people with AD and healthy

controls in an MRI study that looked at changes in the corpus callosum in early-stage AD over a long period
of time [14]. The OASIS Brain Database, which contains MRI scans and clinical information from individuals
with various cognitive impairments, provided the data for the study [15]. With smaller areas, volumes,
and thicknesses, the results imply that neurodegenerative processes are still present in the early AD group
[16]. Additionally, correlational studies found links between cognitive decline and changes in the corpus
callosum [17]. This suggests that these changes may be related to the cognitive problems caused by AD.

APP (Amyloid beta precursor protein)
The APP gene is extremely conserved and has 18 exons (290 kilobases) [18]. Depending on the length of

the amino acids, it undergoes alternative splicing, resulting in 695-770 amino acids that resemble beads
on a string. The APP gene is found on chromosome 19 21q21.3. APP695, APP714, APP751, APP770, and
other isoforms will result from this splicing, with APP695 being predominantly expressed in the central
nervous system. In both the peripheral and central nervous systems, APP751 and APP770 are expressed.

In AD brain, there was a considerable rise in the ratios of APP770 mRNA and APP770-plus-APP751 mRNAs.
The Kunitz protease inhibitor (KPI) domain is present in both APP751 and APP770, and APP770 additionally
has an OX-2 domain. Conversely, APP695 is devoid of both of these domains. According to reports, the
brains of AD patients have higher levels of the KPIl-containing APP isoforms, which may be linked to the
disease's advancement. Aside from the KPI domain's activity as a protease inhibitor, no additional clear
functional distinctions between the various APP isoforms have been discovered (APP563) [3]. The amyloid
sequence is coded for in part by exons 16 and 17.

App The overexpression of Rho-GTPase, Bcl-2, and NF-kB signaling pathways in neuronal cells has been
observed to impact synaptic plasticity and neuronal survival in Alzheimer's disease (AD). Proteases are a
class of enzymes that cut APP after it is generated by neurons’ is proteolytically cleaved by a-, B-, and y-
secretases via at least two primary pathways (the non-amyloidogenic and amyloidogenic pathways [20].

The non-amyloidogenic pathway
APP is cleaved by a-secretase in the non-amyloidogenic process, yielding two fragments: the 83 amino

acid C-terminal fragment (C83) [21], which stays in the membrane, and the N-terminal ectodomain
(sAPPa), which is released into the extracellular medium [22]. ADAM9, ADAM10, and ADAM171 are the
three enzymes that have been found to exhibit a-secretase activity. Most importantly, APP is cleaved by
a-secretase within the AR domain to stop the synthesis of AR peptide [23]. The C83 membrane fragment
is noteworthy because it can be cleaved by y-secretase to provide the APP intracellular domain (AICD) and
a brief segment known as P3 peptide [24].
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The amyloidogenic pathway
The formation of neurotoxic AB is a result of the amyloidogenic pathway. The initial proteolysis phase,

which releases a large N-terminal ectodomain (sAPPB) into the extracellular medium, is mediated by -
secretase (BACE1) [25]. The membrane still contains a 99-amino acid C terminal segment (C99). The first
amino acid of AB is correlated with the recently revealed C99 N-terminus [26]. The AP peptide is released
upon successive cleavage of this segment by y-secretase, specifically between residues 38 and 43.
Presenilin 1 or 2 (PS1 and PS2), nicastrin, anterior pharynx defective (APH-1), and presenilin enhancer 2
(PEN2) 6—-42 make up the complex of enzymes known as y-secretase [27]. This form is thought to be more
neurotoxic due to the additional two amino acids, which increase the likelihood of misfolding and
subsequent aggregation. Alzheimer's disease and elevated plasma levels of AB1-42 have been linked [28].

Function of APP in the central nervous system

Regulates nitrin-1

APP Neural proliferation

Neural migration

Axon outgrowth

Figurel: Function of APP in the central nervous system [29].

ApoE
e ApoE =299 amino acid glycoprotein
e Molecular weight =34 KDa

The liver's hepatocytes and macrophages produce ApoE, it's a lipid transporter that distributes
phospholipids and, choroid plexus cells cholesterol throughout the body. ApoE highly expressed in the
central nervous system (CNS) by astrocytes, activated microglia, vascular mural cells, and to a lesser
amount in stressed neurons, apoE is unable to cross the blood-brain barrier (BBB) [30]. Human apoE is
found in three primary isoforms, which are identified by differences in amino acid positions 112 and 158
between arginine and cystine (apoE2: Cys112/Cys158; apoE3: Cys112/Argl158; apoE4: Argl12/Argl58)
[31]. Nuclear magnetic resonance (NMR) analysis of mutated monomeric apoE3 revealed substitution
between single amino acids between apoE4 and apoE3, and between apoE3 and apoE2. This significantly
changes the functionality of apoE, leading to isoform-specific structural variations that affect stability,
lipid binding, receptor binding, and oligomerization propensity [32].

The apolipoprotein E (Apo-E) protein is produced by the gene known as apolipoprotein (APOE). This
protein works with the body's lipids to create lipoproteins, which are responsible for encasing and
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transferring fats and cholesterol through the bloodstream [33]. The metabolism of lipids in animal bodies
is influenced by this process. A protein that binds to liver and peripheral cell receptors and helps break
down lipoprotein components rich in triglycerides is encoded by the APOE gene. The pathophysiology of
Alzheimer's disease is associated with Apo-E because of its pivotal function in lipid metabolism [34]. When
issues arise, the APOE gene is more likely to develop Alzheimer's disease because it is involved in
producing a protein that aids in the bloodstream's transportation of cholesterol and other forms of fat
(National Institute of Aging). More precisely, it has been established that the APOE E4 allele raises the risk
of late-onset Alzheimer's disease structure of the APOE.

The structure of the APOE gene provides further explanation to its linkage to Alzheimer’s disease. The
APOE gene is located on chromosome 19, at position q13.32. It contains three main regions: (1) N terminal
region, which contains the receptor binding site and four helices, (2) C terminal region containing the lipid
binding site and three helices, and (3) intervening hinge region that links the N and C terminal regions.
The APOE isoforms differ with a unique amino acid combination in these positions, and the amino acid
differences among the isoforms significantly affect their structures, thus their roles in the disease. Studies
found that APOE E2 is severely defective in the LDL receptor binding due to its structural difference,
altering the receptor binding region and aiding the mechanism of type Il hyperlipoproteinemia [35].

Like a common saying in science, that the structure equals function, understanding the structure of the
APOE gene unraveled its significance to cardiovascular, neurological, and infectious diseases. The APOE
gene was discovered in 1993 by the Duke Alzheimer’s Disease Research Center group. While the team
was investigating two diverse experimental streams, they were able to find a genetic linkage of late-onset
Alzheimer’s disease located at chromosome 19q13 [36]. Following this discovery, a consistent protein
impurity was found from a series of amyloid-beta binding studies, in the form of gel separation analyses
(2006). It was then recognized that APOE isoforms are associated with differing ages of onset of
Alzheimer’s disease.

The APOE gene is located on chromosome 19, with its exact coordinates of 44,905,796-44,909,393. It is
3598 bp long, with a chromosomal position of q13.32, and it contains six exons. There are three splice
forms described and it contains five transcripts. The two closest neighbors of the APOE gene are: TOMM40
and APOC1. The CpG island is located at Chr 19:44908464 - 44909343, with a count of 90, and another
one at Chr 19: 44890577-44891735. The gene does not share its promoter region with another gene, and
there is DNase-I

Hypersensitivity (https://www.researchgate.net/publication/374288795 BIO_315-_Genetics-
_APOE_Gene_Report).

Presenilin 1 (PSEN1)

PSEN1 present on chromosome 14q24.2. The 467 amino acid protein it encodes is made up of 12 exons
and has 9 C-terminal transmembrane domains that are located in the lumen/extracellular space [37]. Full-
length PSEN1 is an inactive precursor that can undergo endoproteolytic cleavage within hydrophobic
domain 7 in a wide cytosolic loop to create a heterodimer made up of a 20 kDa C-terminal fragment (CTF)
and a 30 kDa N-terminal fragment (NTF) [38]. The majority of PSEN1 forms seen in cells and its active
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forms are NTF/CTF heterodimers; full-length proteins that are not intended for the cleavage pathway are
broken down rapdly. PSEN1 endoproteolysis could be a crucial phase in the activation of the y-secretase
complex. Moreover, the y-secretase complex's catalytic core could be formed by NTF/CTF heterodimers.
The two catalytic aspartate residues in PSEN1 (Asp257 at NTF and Asp385 at CTF) are critical for the activity
of y-secretase. Every mutation that affects one of the two conserved aspartates can eliminate the activity
of y-secretase [39].

After APP processes a-and B-secretases, PSEN1 is implicated in the C-terminal transmembrane region of
APP and the y-secretase-produced amyloid-B peptide (AB42) [40]. PSEN1, a critical regulator protein in y-
secretase cleavage, may not be an enzyme in and of itself [16]. The transfer of the C-terminal APP
fragment to the gamma secretase complex may also involve PSEN1. Amyloid peptide synthesis may be
changed as a result of impaired APP processing caused by a deficit in PSEN1 function [41]. Protein activities
may depend on a number of presenilin domains [24]. Nct protein interacts with the C-terminal segment.
Furthermore, it has the ability to regulate the activity of y-secretase by binding ATP through its nucleotide
binding site. Moreover, the C-terminal segment attaches to APP and engages in interaction with TM1.

PSEN1's N-terminal region (TM1, HL1, and TM2) is essential for catalyzing the y-secretase complex's
substrates [37]. These domains may also affect the coordination of substrate docking to the enzyme and
PSEN1 endo-proteolysis. The interaction between TM2 and TM3 may affect the conformation of y-
secretase, making it either "fully open" or "semi-open," and it may also regulate the active site's
accessibility. While mutations may cause the enzyme to adopt a "open" conformation and produce longer
amyloid peptides, the "semi-open" conformation of the enzyme may be optimal for the synthesis of short
amyloid [42].

Function of PSEN1 in the central nervous system

Generation of A from APP |
/—| Synaptic plasticity |
PSEN1 I

Build memory and neuronal survival

promoting exocytosis and neurotransmitter release

Figure 2: Function of PSEN1 in the central nervous system.

Presenilin 2 (PSEN2)

Another gene encoding the transmembrane protein PSEN2 revealed a strong correlation with AD less than
a year after PSEN1 was mapped. PSEN2 and PSEN1 are almost 60% similar, and PSEN2 is found on the long
arm of chromosome 1 (1g42.13). It is projected to have nine transmembrane domains and a large
cytoplasmic loop domain between the sixth and seventh domains [43]. It is composed of 12 exons that
encode a 448-amino-acid protein (atlasgeneticsoncology.org). The PSEN2 isoforms are two. The placenta,
skeletal muscle, and heart contain isoform 1, whereas the brain, heart, placenta, liver, skeletal muscle,
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and kidney include isoform 2, which is devoid of amino acids 263—-296 [44]. The y-secretase complex's
catalytic activity is provided by PSEN2, one of the four necessary proteins in the complex. PSEN2 is
assumed to be PSEN1's compensatory partner Unlike PSEN1 which is extensively distributed, PSEN2 is
known to be mostly localized to a specific subcellular compartment, such as late endosomes and
lysosomes The intracellular AB peptide pool was previously associated with an early AD event; PSEN2's
more restricted localization adds to it [45].

Function of PSEN2 in the central nervous system

' Condensed chromatin |

| Expression of Bax |

PSEN2

Increase AB-induced proinflammatory cytokines

— lipopolysaccharide-mediated immune responses

Figure 3: Function of PSEN2 in the central nervous system

ADAM Metallopeptidase Domain 10
The protein ADAM10 aids in the signaling, retinal pigmentation, and Notch2 activation associated with

Alzheimer's disease. It needs ADAM17 and is involved in protein homodimerization and signaling receptor
binding. ADAM proteins, which contain binding and protease domains, hydrolyze TNF-alpha and E-
cadherin. Transcripts for related processed proteins are created through alternative splicing. By cleaving
membrane-bound precursors, ADAM10 releases soluble TNF-alpha, proteolyzes liquid JAM3, APP,
heparin-binding epidermal growth factor, CD44, CDH2, and ephrin-A2, and stops neurogenesis
suppression. It removes ITM2B, CORIN, and other proteins, forms the transmembrane, and releases the
FasL ectodomain.

FN1
fnlb, the ortholog of human FN1, was mutated to cause loss-of-function (LOF) in zebrafish models.

Findings indicate that pathological FN1 accumulation can hinder harmful protein function by reducing
gliosis, improving gliovascular re-modeling, and amplifying the microglial response. Research indicates
that LOF variations in FN1 may lower APOEe4-related AD risk, and that vascular deposition of FN1 is
associated with the pathogenicity of APOEe4. These findings offer new insights into possible therapeutic
treatments that target the ECM to reduce AD risk [46].

The role of pharmacology and cholinesterase inhibitors
The term "pharmacology" describes a drug's capacity to interact with several targets in the human body

and produce a range of therapeutic outcomes [47]. One popular class of medications used to treat
Alzheimer's disease is cholinesterase inhibitors [48]. These inhibitors work by raising acetylcholine levels
in the brain and enhancing cholinergic neurotransmission, which inhibits enzymes such as
butyrylcholinesterase (BuChE) and acetylcholinesterase (AChE) [49,50]. Additionally, they lessen
neuroinflammation and regulate the release of pro-inflammatory cytokines, both of which are believed
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to hasten the onset of Alzheimer's disease [51]. In addition to strengthening cells, reducing oxidative
stress, and extending neuronal survival, cholinesterase inhibitors may also slow down the
neurodegenerative progression of Alzheimer's disease [52].

Cholinesterase inhibitors can change the brain's capacity for making new connections, known as synaptic
plasticity, which is advantageous for memory and learning [53]. It is common for them to be taken with
other drugs, like memantine, to treat neuroinflammation, glutamate excitotoxicity, and cholinergic
deficiencies, which are all parts of how the disease works [54]. These polypharmacological treatments
may have more advantageous synergistic effects than individual targeting.

Cholinesterase inhibitors are very important in the treatment of Alzheimer's disease because they work
on the cholinergic system and connect with other receptors and pathways [55]. They protect neurons,
enhance cholinergic neurotransmission, reduce inflammation, and modify the way connections evolve
[56]. By comprehending and applying these multi-pharmacological effects, Alzheimer's disease treatment
plans can be improved, and new treatments can be created [57].

Drugs used to treat Alzheimer’s
e Cholinergic Activators: Tacrine, Rivastigmine, Donepezil, and Galantamine
e Glutamate (NMDA): memantine
e Miscellaneous: Piracetam, Pyritinol, Piribedil, and Ginkgo biloba

The brain, spinal cord, autonomic nervous system (ANS), sympathetic motor neurons, sensory neurons,
primary sensory neurons, and primary sensory neurons are all parts of the nervous system [58].
Cholinergic activators are neurotransmitters that are centrally active. [59]. They are also referred to as
anticholinesterases or para-sympathometics. In the human body, these are classified into two types and
are centrally active.

e Acetylcholinesterase (AchE)
e Butyrylcholinesterase (BuchkE)

AchE is a compound that is present in glial cell synapses and is created when acetic acid reacts with
choline. Acetylcholine is compounded. BuchE is found in the plasma of humans. These hydrolyze blood
drug molecules and dietary esters. BuchE resembles AchE [60].

Carbamides, organophosphates, rivastigmine, tacrine, Pyflos, donepezil, galantamine, physostigmine,
neostigmine, and pyridostigmine are some of the anti-cholinesterases that can be reversed or irreversible
[61].

Rivastigmine
e Pharmacodynamics: It is a carbamate derivative and inhibits AchE and BuchE
e Pharmacokinetics: It is highly lipid soluble or fat soluble and enters brain easily
e DOA (Drug of Action): 8hrs
e Side effects: Abdominal pain, Nausea, Vomiting, Diarrhea, Hepatotoxicity
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e Uses: Used to treat Alzheimer’s disease

Donepezil
e Pharmacodynamics: Effects both AchE and BuchE
e Pharmacokinetics: Not highly lipid soluble when compared with Rivastigmine.
e DOA (Drug of Action): 24hrs
o Side effects: Abdominal pain, Nausea, Vomiting, Diarrhea, Hepatotoxicity etc.,

Glutamine
e It is a Natural Alkaloid, which selectively inhibits cerebral AchE & has some direct action on

Nicotinic Receptors.
e DOA: 8hrs
e Side effects: Abdominal pain, Nausea, Vomiting, Diarrhea, Hepatotoxicity

Aducanumab
e |tis a monoclonal IgG1 antibody that inhibits to f-amyloid plagues in the brain.

e Pharmacokinetics: Metabolized into smaller oligopeptides and amino acids
e DOB: 3hrs
e Side effects: Headache, Confusion, Dizziness, Vision abnormality, Nausea, Delirium

Materials and Methods

All the data are taken from publicly available resources (https://www.ncbi.nlm.nih.gov/). Using that data
we have done gene expression analysis using web-based tool called GenomicScape. Top-ranked genes'
levels of expression across multiple sample groups can be created and exported as a heat map. Without
assuming anything, the Principal Component Analysis (PCA) tool allows one to determine how samples
can cluster together using metric correlations (unsupervised clustering). The samples are displayed along
the first two or three principal components, and the PCA tool offers both 2D and 3D views. Tables and
figures can be exported, and sample colors are assigned by default or can be selected by the user.
We have used (version 5.1) genomic scape software for this analysis. We have done statistical analysis
using R program analysis of BioConductor of GCRMA package.

The GCRMA algorithm was used to standardize the publicly accessible data of these eight B cells to plasma
cell populations (38 samples) [62].

Results
Alzheimer’s KEGG pathway
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Figure 4: The Red colour indicates genes are highly expressed genes in Alzheimer’s disease (AD)

WNT signaling pathway

WT SIGHALING PATHWAY

Figure 5: WNT Signaling Pathway.

MTOR signaling pathway

TOR SGHALING PRTHRAY

Figure 6: mTOR signaling pathway.
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Heatmaps_Student_T test

Different types of naive B cells (NBCs), centroblasts (CBs), centrocytes (CCs), memory B cells (MBCs), pre-
plasma blasts (PrePBs), plasmablasts (PBs), early plasma cells (EPCs), and mature plasma cells (BMPCs) all
speak different sets of genes. The data are the SAM multiclass expression contrast of each gene in a given
cell subpopulation compared to the others.

T Test: is a statistical test used to compare means of two groups.

Human B cells to plasma cells GCRMA (38 samples)
e Dataset: Human B cells to plasma cells (GCRMA)
e Species: Homo sapiens
e Tissue/Celltype: Blymphopoiesis
e Study type: Gene expression by array
e Platform: Affymetrix Human Genome U133 Plus 2.0 Array
o Normalization: GCRMA

Human B cells to plasma cells GCRMA (n = 38, GSID : GS-DT-2)

~— 2:Centroblasts (4)
I I I g

—  3:Centrocytes (4)

Figure 7: Human B Cells to plasma cells GCRMA.

Box plots
219577 _s_at (ABCA7)

2500
J

2000
1

1500
1

Expression Signal
1000
L

[
Il

Samples

Figure 8: Above Box plot show from 219577_s_at (ABCA7) is an extension which matches multiple transcripts of
same gene or transcripts of homologous genes. Which that when compare with all samples on x-axis among

Research Article | A Ranganadha Reddy, et al, J Neurol Sci Res. 2026, 6(1)-55
DOI: http.//doi.org/10.52793/JNSR.2026.6(1)-55



http://doi.org/10.52793/JNSR.2026.6(1)-55

12

Sample 4 has highest chances of occurring AD; and from boxplot Sample 4 has highest median. When comparing
expression Signal 1 Range from 700-2000 are highest chances for AD.

202604_x_at (ADAM10)
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cells
8:Bone marrow
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Figure 9: 202604 _x-at (ADAM10): Defines the extension contain probes that are identical or unrelated sequences.
Above plot shows that Plasma blasts acute the infection AD of CNS (Central Nervous System). And also have
highest median. Which is comparing with Expression signal of Y-axis? 550-700 has highest chance of AD of the
particular gene.
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Figure 10: 214895_s_at (ADAM10): Defines extension if probes match multiple transcripts of same gene or
transcripts of homologous gene. preplasmablasts has highest chance to get AD. When compare with other cells.
Boxplot has highest median which expression levels.
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Figure 11: 2026032 at (ADAM10): Defines the extension in probe set IDs represents unique probe set sequence.
Above plot shows that Plasma blasts acute the infection AD of CNS (Central Nervous System). and also have
highest median. which is comparing with Expressional signal of Y-axis. 2500-4000 has highest chance of AD of the
particular gene.
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Figure 11: 212884 _x_at (APOE): Defines extension contain some probes that are identical or highly similar to
unrelated sequences. Bin this particular gene Bone marrow plasma cells present in B lymphocytes. which they cells
are not understood for AD. which immunoglobulins with target of AD causing protein and progression of the
disease. plasma cells have highest chances to cause AD. And also, boxplot contain highest median when comparing
with expression signal 450-500 to cause AD.
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Figure 13: 2203382_s_at (APOE): Defines extension if probes match multiple transcripts of the same gene or
transcripts of homologous genes. In this particular gene Bone marrow plasma cells present in B lymphocytes.
which they cells are not understood for AD. which immunoglobulins with target of AD causing protein and
progression of the disease. plasma cells have highest chances to cause AD. And also, boxplot contain highest
median when comparing with expression signal 40-80 to cause AD.
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Figure 34: 203381_s_at (APOE): Defines extension contain some probes that are identical or highly similar to
unrelated sequences. Bin this particular gene Bone marrow plasma cells present in B lymphocytes. which they cells
are not understood for AD. which immunoglobulins with target of AD causing protein and progression of 2the
disease. plasma cells have highest chances to cause AD. And also, boxplot contain highest median when comparing
with expression signal 15-30 to cause AD.
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Figure 15: 200602 _at (APP): Defines that extension in probe set IDs represents unique probes set sequence. In this
gene Naive B cells are highest chance to cause AD. Compare with other cells. In the box plot has highest median.
which has expres381sion signal from 1500-2000 that cause AD.
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Figure 16: 214953 s_at (APP): Defines that extension if probes match multiple transcripts of the same gene or
transcripts of homologous gene. In this gene Naive B cells are highest chance to cause AD. Compare with other
cells. In the box plot has highest median. which has expression signal from 80-160 that cause AD.
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Figure 17: 211277 _x_at (APP): Defines that extension contains some probes that are identical or highly similar to
unrelated sequences. In this gene Naive B cells are highest chance to cause AD. Compare with other cells. In the
box plot has highest median. which has expression signal from 90-100 that cause AD.
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Figure 18: 207782_s_at (PSEN1): Defines that if probes match multiple transcripts of the same gene or transcripts
of homologous gene. In this gene Centro blasts highest chance to cause AD. Compare with other cells. In the box
plot has highest median. which has expression signal from 200-450 that cause AD.
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Figure 19: 1567443_x_at (APP): Defines that extension contains some probes that are identical or highly similar to
unrelated sequences. In this gene Naive B cells are highest chance to cause AD. Compare with other cells. In the
box plot has highest median. which has expression signal from 90-100 that cause AD.
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Figure 20: 226577_at (PSEN1): Defines that extension in probe set IDs represents unique probe set sequence. this
gene Memory B cells are highest chance to cause AD. Compare with other cells. In the box plot has highest median.
which has expression signal from 400-500 that cause AD.
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Figure 21: 203460_s_at (PSEN1): Defines that if probes match multiple transcripts of the same gene or transcript
of homologous gene. Group 8 has lowest mean. Group 1 has second lowest mean. Group 5 has highest mean.
Group 1 and Group 2 Group 6 and Group 7 are moderately expressed. Group 3 are second highest mean. we
cannot determine the Statistically significant from the plot. To determine the statistically significant, need to

access the confidence intervals of different means.
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Figure 22: 238816_at (PSEN1): Defines that extension in probe set IDs represent unique probe set sequence. In
this gene Naive B cells are highest chance to cause AD. Compare with other cells. In the box plot has highest
median. which has expression signal from 15-30 that cause AD.
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Figure 23: 1559206_at (PSEN1): Defines that extension in probe set sequence. In this gene Centro blasts highest
chance to cause AD. Compare with other cells. In the box plot has highest median. which has expression signal
from 4-5.5 that cause AD.
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Figure 24: 1567440_at (PSEN1): Defines that extension in probe set IDs represent unique probe set sequence.
centrocytes are the group of B-cells of cleaved nucleus. which has highest cause of AD. which is having the outliers.
which the expression levels of signal is 4.65-4.70 to cause AD.
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Figure 25: 204262_s_at (PSEN2): Defines that extension if probes match multiple transcripts of same gene or
transcripts of homologous gene. Early plasma cells have highest cause of AD. from the boxplot of early plasma cells
has highest median. among all cells. when comparing with expression signal from 300-500 to cause AD.
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Figure 26: 211373_s_at (PSEN2): Defines that extension if probes match multiple transcripts of same gene or
transcripts of homologous gene. Early plasma cells have highest cause of AD. from the boxplot of early plasma cells
has highest median. among all cells. when comparing with expression signal from 300-500 to cause AD.
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Figure 27: 204261_s_at (PSEN2): Defines that extension if probes match multiple transcripts of same gene or
transcripts of homologous gene. For this particular gene Bone marrow plasma cells have highest cause of AD. from
the boxplot of Bone marrow plasma cells has highest median. among all cells. when comparing with expression
signal from 10-50 to cause AD.
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Figure 28: 219577_s_at (ABCA7): Define that extension if probes match multiple transcripts of the same gene or
transcripts of homologous gene. Sample 8 has lowest mean. Sample 4 has highest mean. To determine the
statistically significant, need to access the confidence intervals of different means statistically significant, need to
access the confidence intervals of different means.
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Figure 29: 202604 _x_at (ADAM10): Defines extension contain some probes that are identical or highly similar to
unrelated sequence. Sample 8 has lowest mean. Sample 6 has highest mean. To determine the statistically
significant, need to access the confidence intervals of different means.
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Figure 30: 214895 _s_at (ADAM10): Defines that extension if probes match multiple transcripts of the same gene or
transcripts of homologous genes. Sample 8 has lowest mean. Sample 5 has highest mean. To determine the
statistically significant, need to access the confidence intervals of different means.
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Figure 31: 202603 _at (ADAM10): Define that extension in probe set IDs represent unique probe set sequence.
Sample 4 has lowest mean and Sample 7 has Highest mean. To determine the statistically significant, need to
access the confidence intervals of different means.
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Figure 32: 212884 _x_at (APOE): defines that extension contain some probes that are identical or highly similar,
unrelated sequences. Sample 2 has lowest mean and sample 8 has highest mean. To determine the statistically
significant, need to access the confidence intervals of different means.
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Figure 33: 203382_s_at (APOE): Define that extension if probes match multiple transcripts of the same gene or
transcripts of homologous genes. Sample 6 has lowest mean and Sample 8 has highest mean. To determine the
statistically significant, need to access the confidence intervals of different means.
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Figure 34: 203381 _s_at (APOE): Define that extension if probes match multiple transcripts of the same gene or

transcripts of homologous genes. Sample 2 has lowest mean and Sample 8 has highest mean. To determine the

statistically significant, need to access the confidence intervals of different means.
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Figure 35: 200602_at (APP): Defines that extension in probe set IDs represents unique probe set sequence. Sample
2 and Sample 3 has lowest mean. Sample 1 has highest mean. To determine the statistically significant, need to
access the confidence intervals of different means.
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Figure 36: 214953 _s_at (APP): Define that extension if probes match multiple transcripts of the same gene or
transcripts of homologous genes. Sample 2 has lowest mean and Sample 6 has highest mean. To determine the
statistically significant, need to access the confidence intervals of different means.
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Figure 37: 211277 _x_at (APP): Define that extension contain some probes that are identical, or highly similar to
un-related sequences. Sample 5 has lowest mean. Sample 1 has highest mean. To determine the statistically
significant, need to access the confidence intervals of different means.
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Figure 38: 207782-s_at (PSEN1): Defines if probes match multiple transcripts of same gene or transcripts of
homologous genes. Sample 8 has lowest mean. Sample 5 has highest mean. To determine the statistically
significant, need to access the confidence intervals of different means.
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Figure 39: 1567443_x_at (PSEN1): Extension contain some probes that are identical or highly similar, to unrelated
sequences. Sample 7 has lowest mean and Sample 1 has highest mean. To determine the statistically significant,
need to access the confidence intervals of different means.
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Figure 40: 226557_at (PSEN1): Defines that if probes match multiple transcripts of the same gene or transcript of
homologous gene. Sample 8 has lowest mean. Sample 4 has highest mean. we cannot determine the Statistically
significant from the plot. To determine the statistically significant, need to access the confidence intervals of

different means.
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Figure 41: 203460_s_at (PSEN1): Defines that if probes match multiple transcripts of the same gene or transcript
of homologous gene. Group 8 has lowest mean. Group 1 has second lowest mean. Group 5 has highest mean.
Group 1 and Group 2 Group 6 and Group 7 are moderately expressed. Group 3 are second highest mean. we
cannot determine the Statistically significant from the plot. To determine the statistically significant, need to
access the confidence intervals of different means.
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Figure 42: 238816_at (PSEN1): Defines that probes se IDs represent unique probe set sequence. Group 3 has
lowest mean. however, Group 2, Group 5 to Group 7 are having mild expression levels. Group 8 is moderately
expressed. And Group 1 ha highest mean. we cannot determine the Statistically significant from the plot. To
determine the statistically significant, need to access the confidence intervals of different means.
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Figure 43: 1559206_at (PSEN1) :): Defines that probes se IDs represent unique probe set sequence. Group 1 Group
3 to Group 8 all means are almost equally expressed. Among this Group 5 has lowest mean and Group 2 has
highest mean. we cannot determine the Statistically significant from the plot. To determine the statistically

significant, need to access the confidence intervals of different means.
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Figure 44: 1567440_at (PSEN1): Defines that probes se IDs represent unique probe set sequence. Group 4 Group 5
Group 6 and Group 7 are equally having same expression levels. Group 1 Group 2 and Group 3 are moderately
expressed. Among all groups 8 has highest means.
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Figure 45: 204262_s_at (PSEN2) defines that if probes match multiple transcripts of the same gene or transcript of
homologous gene. Above Fig () Group level 2 has lowest mean. Group Level 1, Level 3, Level 4, and Level 8 are
slightly expressed. And Level 5 are moderately expressed. Among all groups Group 7 has highest mean. we cannot
determine the Statistically significant from the plot. To determine the statistically significant, need to access the
confidence intervals of different means.
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Figure 46: 211373 _s_at (PSEN 2), defines that if probes match multiple transcripts of the same gene or transcript
of homologous gene. From group level 8 has lowest mean and group 1 to group 5 and group7 slightly enlargement
of mean. And group 6 has highest mean. we cannot determine the Statistically significant from the plot. To
determine the statistically significant, need to access the confidence intervals of different means.
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Figure 47: 204261_s_at (PSEN 2), defines that if probes match multiple transcripts of the same gene or transcript
of homologous gene. From group level 1 to group 5 has lowest mean and group 6 and group 7 are slightly
expressed. And group 8 has highest mean. we cannot determine the Statistically significant from the plot. To
determine the statistically significant, need to access the confidence intervals of different means.
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Figure 48: Eigen values are shown on a bar graph. The first three eigenvalue components stand out more. The
percentage of variance for each of the three parts is shown above the graph. The variance differences for the other
two parts are between 15 and 20.

Research Article | A Ranganadha Reddy, et al, J Neurol Sci Res. 2026, 6(1)-55
DOI: http.//doi.org/10.52793/JNSR.2026.6(1)-55



http://doi.org/10.52793/JNSR.2026.6(1)-55

25

Human B cells 1o plasma cells GCRMA (n = 38, GSID : GS-DT-2)

Dt 1 (32.5084)

Figure 49: AD overexpresses bone morphogenetic protein 4 because the BMPC cluster include specific people.
These people include BMPC1, 2, 3, 4, and 5. Corpus Callosum CC1, CC2, CC3, CC4, and CC4 send and receive signals.
These signals can change size and shape in AD. and tau protein AD levels are higher in PC1, PC2, PC3, PC4, and
PC5.AD has low CB series cannabinoid receptor expression. The CB series regulates neurotransmitters. Lead (PB) is
linked to AD.

naividuals factor map colored by GRP.

Figure 50: The second-highest levels of AD expression are found in principal component (PC) 7 and violet of the
PC8 cluster. It's not very high for the ad principal components (PC2, PC3), it's about average for PC4, and it's above
the minimum for PC5.
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Figure 51: Two PCA variables—left and right. These genes are abundant in four regions: 212884 x_at-APOE,
203381_at—APOE, 204261_at—PSEN2, 203382_at—-APOE, 238816_at—PSEN1, and 211277_x_at-APP Additional
highly expressed genes include 211373 _s_at-PSEN2, 204262_s_at-PSEN2, 202604_x_at-ADAM10, 202603 _at-APP,
and 214895_s_at-ADAM On/off 200602_at-APP genes. It shows 1567440_at-PSEN1. This gene, along with
1559206_at-PSEN1, 203460 _s-at-PSEN1, 226577, and 207782, is under expressed. Both PCA 1 and 2 explain 32.50
and 18.72% of variance.

Aducanumab

Chemical and physical data
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Formula | Ces72H10028N 174002014546

Molar 145912.34 g-mol™*
mass

Monoclonal antibody

Type Whole antibody

Source Human

Target Amyloid beta

Table 1: Chemical and physical characteristics of Aducanumab.

Aducanumab is a human IgG1l anti-AB monoclonal antibody that the US FDA has approved for the
treatment of mild dementia or Alzheimer's disease. It was created by neuroimmune and activates human
B-cell clones through an antibody-based therapeutic strategy [63]. The FDA sped up the approval process
for Aduhelm because clinical studies with 3482 patients showed a significant decrease in AB-amyloid
plaque living in 3482 patients [64]. The treatment is the first of its kind that the US FDA has authorized.

Pharmacokinetics

The medication Aducanumab, which is used to treat Alzheimer's disease, was subjected to a population
pharmacokinetic study [65]. The research examined concentration data from 2961 patients who were
administered the medication either once or more. According to the analysis, the mean concentrations of
Aducanumab at different doses peaked within 30 minutes of a 2-hour infusion [66]. The drug's maximum
concentration (Cmax) and area under the curve (AUC) both rose in direct proportion to the dosage. There
was a range of 2.5 to 3.3 hours for the median time to reach Cmax [67]. The volume of distribution (Vd)
of aducanumab in steady state was found to be 9.63 L. It's anticipated that the drug will break down [68].

Pharmacodynamics

The medicine aducamumab sticks to fibrils and tells microglial cells to get rid of them. To be effective,
however, the drug must cross the blood-brain barrier and consistently destroy amyloid aggregates. Due
to the drug's long half-life, it takes about 5 months to achieve its maximum clinical benefit. The length of
time needed to remove amyloid plaques, an individual's amyloid burden, their APOE 4 genotype, their
age, and the severity of their disease are just a few variables that can affect the lag period. In the Emerge
trial, the high-dose group showed the most significant reduction in cognitive decline, possibly because
more patients in this group achieved.

Adverse drug actions

e ARIA-E edema of the brain (35% of patients treated with Aduhelm vs. 3% of patients
treated with placebo): Headache, altered mental status, disorientation, nausea, vomiting,
tremor, and abnormalities in gait are possible symptoms.

e "Headache" (21 % vs. 16%), which encompasses occipital neuralgia, migraine, migraine
with aura, and headache.

* ARIA-H microhemorrhage or brain bleeding (19% vs. 7%): Headache, weakness in one
side, vomiting, convulsions, reduced consciousness, and stiff neck are some of the
symptoms.
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e Hemosiderin-related ARIA-H superficial siderosis (15% vs. 2%).

e October (15% vs. 12%)

e Stool (9% vs. 7%).

e Disorientation, delirium, altered mental status, and confusion (8% vs. 4%).

Amyloid-beta plaques and neurofibrillary tangles build up in the brain to cause Alzheimer's disease, a
progressive neurodegenerative condition. By decreasing AB plaques in the brain and delaying its
progression, the novel treatment aducanumab is the first to address this important pathology. The
pharmacokinetics of it are good [69].

Lecanemab

Lecanemab is a humanized monoclonal antibody that binds to and targets soluble protofibrils. These are
a type of protein that is thought to play a role in the development and progression of Alzheimer's disease
[70]. Lecanemab binds to these protofibrils in an attempt to stop their aggregation and lessen the
development of amyloid plagues [71]. This might lessen the rate at which the disease progresses and
protects neuronal function. Lecanemab may help people with early-stage Alzheimer's disease with their
memory and cognitive abilities, according to promising results from clinical trials [72].

Pharmacodynamics

Researchers used PET imaging to look at how LEQEMBI changed the levels of amyloid beta plaque in
different parts of the brain. These levels were contrasted with those of the unaltered [73]. The
researchers used the SUVR and centroid scales to measure the PET signal and determine how much
amyloid beta p was present [74]. In Study 1, the effects of dose and time were looked at. LEQEMBI was
found to lower amyloid beta plaque a lot more than the pill group [75]. In the same way, lecanemab
greatly decreased the amounts of amyloid beta plaque in Study 2, which only looked at a single-dose
regimen. h focused on a single-dose regimen. These results suggest that LEQEMBI reduces amyloid beta
plaque in the brain in a beneficial way [76].

Pharmacokinetics

Lecanemab- irmb has a mean volume of distribution of 3.24 L, with a range of 3.18 to 3.30 L. Proteolytic
enzymes break it down, with a clearance rate of 0.370 L/day and a range of 0.353 to 0.384 L/day [77]. The
drug's terminal half-life is between 5 and 7 days. Factors such as sex, body weight, and albumin levels do
not significantly affect the drug's effectiveness or safety [78]. There is no information on the impact of
renal or hepatic impairment on lecanemab-irmb. However, it is predicted that these conditions would not
have a substantial impact due to the drug's metabolism and elimination process [79].

Adverse drug actions
e Events that are unfavorable (those with TEAE) Adverse events during the trial were reported
in three publications in allover, covering 2,729 patients (1,567 lecanemab vs. 1,162 placebo)
e Although there was no significant difference between the two groups (OR: 0.73; 95% Cl: 0.25,
2.15; p = 0.57), statistically significant heterogeneity was noted (I 2 = 92%, p < 0.00001). That
being said, there was statistically significant heterogeneity. The three studies that made up

Research Article | A Ranganadha Reddy, et al, J Neurol Sci Res. 2026, 6(1)-55
DOI: http.//doi.org/10.52793/JNSR.2026.6(1)-55



http://doi.org/10.52793/JNSR.2026.6(1)-55

28

the study of events with Amyloid Related Imaging Abnormalities (ARIA-E) totaled 2,249
patients (1,095 lecanemab vs. 1,154 placebo).

The overall study found that the risk of ARIA-E was much higher in the group that received Lecanemab
(OR: 8.95; 95% Cl: 5.36—-14.95; p 0.00001).

e The analysis for the occurrences of ARIA-H included a total of three articles covering 2,249
patients (1,095 receiving lecanemab vs. 1,154 receiving a placebo). It was found that there
was more of the lecanemab group in ARIA-H (OR: 2.00; 95% Cl: 1.53, 2.62; p 0.00001), and
there was no clear heterogeneity (12 =0%, p = 0.57).

Discussion

Because this protein is more frequently found in pre-plasma blasts, it may be connecting to Alzheimer’s
disease (AD). Given that sample 4 has a higher risk of developing AD, it appears likely that this gene
contributes to its development. We may be able to learn more about how this disease initiates if we target
ABCA7 or understand how it self-regulates, particularly with regard to pre-plasma blasts. APOE, an
examination of the median expression in the 450-500 signal range indicates a role for plasma cells in this
disease. This contradicts the beliefs of a lot of people. Immunoglobulins have the potential to significantly
impact the progression of it by targeting proteins links to the disease. Examining the roles of the various
cell types that express APOE may help us develop new treatments for plasma cell diseases. APP, given
that they have higher median expression of app in the signal range that causes this, it is possible that naive
b cells and early plasma cells are involves in the pathology of AD. Understanding how naive b cells and
early plasma cells affect APP expression may help uncover the mechanisms underlying AD. PSEN1: the
diverse ways in which centrocytes, naive b cells, and Centro blasts express PSEN1 demonstrate the
complexity of this protein's function in Alzheimer’s. Knowing where to look for signals that increase the
risk to particular cell types is crucial. Tailoring interventions according to the primary cell types expressing
PSEN1 may result in improves approaches to illness prevention or treatment. PSEN2a higher
concentration of the protein present in early plasma cells has been links to Alzheimer’s disease. The
reduces signalling capacity of bone marrow plasma cells makes it even more difficult for other cell types
to become involves. It might be simpler to develop targets treatments if we investigate the function of
early plasma cells in this and the various signals, they release in the bone marrow.

Different stages or subtypes of Alzheimer’s disease indicates by differences in mean expression between
samples. Confidence intervals highlight statistically significant variations that knees to be investigates
further. Using mean expression patterns to identify discrete subtypes aides in the development of more
sophisticate understandings of AD heterogeneity and the development of individualizes treatment plans.

Aducanumab dose-relates CMAX, AUC and quick peak concentration make its pharmacokinetics
predictable. The steady-state volume of distribution and expects breakdown are critical factors to
consider when developing dosing strategies. These pharmacokinetic parameters must be considered
when optimizing dosage schedules in order to maintain therapeutic efficacy and minimize side effects.
Aducanumab's microglial clearance mechanism, lag time for maximum benefit, and pharmacodynamics
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emphasize long-term effects and individual variability. Specific factors influencing the lag period can be
considers when tailoring the treatment, potentially improving overall therapeutic outcomes. Due, to the
serious side effects of aducanumab, aria-e, and aria-h, patients must be closely monitors and controls
during treatment. Developing strategies to reduce the risk of aria-e and aria-his requires to ensure
aducanumab safety and tolerability in Alzheimer’s disease patients.

The pharmacokinetics, mean volume of distribution, clearance rate, and terminal half-life parameters of
Lecanemab give us a full picture of how it is broken down and thrown out of the body. Looking at these
pharmacokinetic parameters makes it easier to guess the drug's overall safety profile and come up with
the right dosing schedules. The fact that this drug can lower amyloid beta plaque in a dose-dependent
way shows how well it might work as a disease-modifying treatment. Further research on the dose-
response relationships and long-term effects of Lecanemab might help in making treatment plans more
effective. Unfavourable drug reactions, as well as the increases risk of aria-e and aria-h associates with
this drug, necessitate close monitoring and risk management throughout treatment. Determining the
variables that cause these adverse events and developing plans to reduce their effects are critical to the
clinical implementation's success.

Complex gene expression patterns suggest specific cell types and genes are involves in AD. Adapting
interventions to the predominant cell types expressing important genes could improve the effectiveness
of treatment. Variability in mean expression across samples suggests potential subtypes or stages of
Alzheimer’s disease, highlighting the importance of personalizes approaches. Aducanumab and
Lecanemab are promising Alzheimer’s treatments, but adverse events must be managed carefully. This
thorough analysis helps us understand the results and what they mean for Alzheimer’s disease, which
opens the door for more research and new treatments.

Conclusion

In conclusion, the paper makes a significant contribution to the understanding of the many facets that
comprise Alzheimer's disease for the reader. The integration of imaging results, pharmacological
treatments, genetic factors, and molecular studies results in a comprehensive overview of the situation.
The impact of the paper could be further increased by making improvements in terms of clarity,
organization, and providing a more in-depth discussion of the results. In addition to paving the way for
future research in this vital field of neuroscience and medicine, the research demonstrates that it has the
potential to advance our understanding of Alzheimer's disease (AD) and the potential treatments for it.
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