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Abstract

Alzheimer’s Disease (AD) is characterized by deposition of Amyloid-Beta Peptide (AB), which is produced from post-translational processing of Amyloid Precursor
Protein (APP). The goal of this short review is to outline the major aspects of the biology of APP and the importance of APP in Alzheimer’s Disease. Subsequently,
we briefly review current concepts regarding the potential targeting of APP processing in order to influence the ramifications of AD. Studies are underway to assess
methods of altering the regulation of the APP gene as well as the regulation of the post-translational processing of APP. The complexity of APP processing has made

the identification of new treatments for AD difficult. Future methods of targeting APP processing and expression are discussed.

The Biology of APP and Related Proteins that Contribute
to Dementia

Characteristics of the Most Common Type of Dementia:
Alzheimer’s Disease

Post-translational modifications of Amyloid Precursor Protein
(APP) are related to the Dementia disorder; Alzheimer’s Disease (AD)
[1-3]. The incidence and pathophysiology of Dementia and Alzheimer’s
Disease is important to consider when assessing genetic implications.
Dementia is a broad category of many disorders that involve memory
and cognitive impairment [1-3]. As the U.S. population continues to
age, this problem will continue to increase as most types of dementia
occur in later stages of life. Due to the immense physical, emotional,
and financial toll that dementia can have on patients and their families,
the importance of the development of therapies for this disorder
continues to grow. Alzheimer’s Disease (AD) is the most common type
of dementia with approximately 30 million patients currently affected
by this disease around the world. It is estimated that 75% of all patients
with dementia have AD [1]. The two main types of AD include early
onset disease, which is generally caused by inherited genetic factors and
late onset disease, which is hypothesized to be caused by a combination
of genetic and environmental factors [1,4]. Early onset AD is rare,
accounting for around 5% of cases of AD. As its name suggests, this
type of AD displays symptoms in individuals at an earlier age than late
onset AD. Early onset AD generally occurs during the fourth or fifth
decade of life. Late onset AD is the more common form of AD and less
likely to have identifiable genetic origins. Symptoms of late onset AD
usually begin during the sixth or seventh decades of life. Many of the
factors that contribute to late onset AD have yet to be determined and
will be the focus of many ongoing research efforts [4]. The two primary
pathophysiological hallmarks of Alzheimer’s disease are Neurofibrillary
Tangles (NFTs) and 3-amyloid (Ap) plaques. These hallmarks have been
studied since the early description of the disease by Alois Alzheimer in
1906 [5]. Although this review focuses on the formation of A from
APP, a brief introduction of NFT’s and Tau is warranted.
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Neurofibrillary Tangles (NFTs) and Tau Protein in AD

NFTs are formed from hyperphosphorylated tau proteins, and
they are known to form in the intraneuronal space in patients with
AD [6]. Although APP has the strongest genetic link to AD, the Tau
protein is also involved, and the interaction of APP and Tau remains the
subject of much investigation. The Tau protein is known to facilitate the
function and production of microtubules from tubulin. The Tau protein
is associated with the formation of NFTs under conditions in which
there is dysfunction of the kinases or phosphatases that interact with
the Tau protein. This dysfunctional state leads to hyperphosphorylated
Tau protein and the subsequent accumulation of tangles in the
intraneuronal space [5]. Studies have also shown that the extent of NFT
accumulation is correlated with the degree and duration of symptoms
experienced by patients with AD [6,7]. Although there is clearly an
association between the formation of NFTs and AD, the nature of this
association is not clear as it has been shown that NFTs are not specific
for just AD. NFTs are also present in other neurodegenerative diseases
such as Parkinson’s Disease and posttraumatic dementia [6,8]. The fact
that NFT’s are non-specific for AD is important. This finding has led
to studies that are seeking to delineate the integral components that
are specific to AD. Therefore, in more recent years, much attention has
shifted to APP processing as a probable basis for AD. However, the
interaction of APP and Tau remains an important area of investigation.

Characteristics of the APP Gene and APP

The APP gene encodes for Amyloid Precursor Protein. The APP
gene is located on chromosome 21q21.3 and is approximately 240
kilobases in length (some variation in forms of APP). The location of
the gene has been verified through studies performed on individuals
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with Down’s Syndrome. These studies show that the isoform of APP
that is found in AP plaques is duplicated along with all other genes
found on chromosome 21 in individuals with Down’s Syndrome. The
early onset of AD in patients with Down’s Syndrome suggests a link of
APP expression in AD pathology [4,9]. The genetic analyses of patients
with AD have resulted in the discovery of many familial-associated
mutations (FAM) of the APP gene that are believed to lead to the
disease (10). These mutations occur in areas that encode for regions of
the protein that will later result in increased AP production following
post-translational processing of the APP protein [10]. Figure 1 outlines
this process. It is noteworthy that genetic analyses of patients with AD
have also revealed many mutations of the Presenilin genes (PS1 and
PS2), which encode for the catalytic subunit of y-secretase, an enzyme
involved in the post-translational modification of APP [10-13]. The
process of these post-translational modifications will be discussed in
detail later. In mammals, the APP gene has two paralogs, APP like
protein 1(APLP1) and APP like protein 2 (APLP2). The functions of
these paralogs are mostly consistent in mammals [8,13]. The paralogs
of the APP gene (APLP1 and APLP2) are unable to yield AP through
post-translational processing. This characteristic is distinct to the APP
gene [8,14].

APP is a transmembrane protein, which has been linked to
neurogenesis and the regulation of neural differentiation. There is a
high level of expression of APP during brain development although
APP has also been shown to be expressed in most tissues. Studies

have shown that overexpression of APP causes differentiation, across
different cell lines, to neuronal states [8,15-17]. Despite this evidence,
investigators are still investigating the primary function of APP. In
order to determine the function of APP and its complex relation to AD,
it will be important to better understand the above noted mechanisms
that modify APP. Additionally, the breadth of interactions of APP with
other cellular events will require much study in the future.

Post-Translational Modifications of APP

For many years, it has been known that there are two major branches
in the post-translational processing of APP. These two branches have
been termed the amyloidogenic pathway and the non-amyloidogenic
pathway (Figure 1), although recently, the simplicity of this terminology
has been called into question as the two pathways have other important
interactions in the development of AP and AD (3,18-21). These two
major branches of post-translational modification involve three
secretases: B-secretase, y-secretase, and a-secretase (Figure 1). Again,
recent reports have suggested that the simplicity of this system may
be more complex with the recent discovery of additional secretases
(n, 6, and alternative B-secretases) that interact with APP, and lead
to metabolites that are the subject of current investigations (16,19).
Even though this model of amyloidogenic/non-amyloidogenic APP
processing may be more complex than originally believed, it has served
as an important foundation for the understanding of the biology of APP
processing and the components of AB in AD.

Non-Amyloidogenic Pathway
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Figure 1. The two major pathways involved in post-translational processing of Amyloid Precursor Protein (APP) are depicted. Top: The non-amyloidogenic pathway utilizes the dual
action of a-secretase and y-secretase, which results in the truncated form of beta-amyloid (AB) known as P3. Bottom: The amyloidogenic pathway utilizes the dual action of B-secretase and

y-secretase to form AP
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The first major pathway of post-translational APP processing, the
amyloidogenic pathway, is depicted in Figure 1 [18,19]. This pathway
begins as APP is cleaved by B-secretase to produce a soluble molecule,
sAPPp, that is secreted into the extracellular matrix and another
molecule, PAPP-CTE, that remains bound to the membrane. The
important difference between the two pathways, that are displayed in
Figure 1, is the cut sites of f-secretase and a-secretase. The B-secretase
cleaves APP at a location that does not interfere with the eventual
formation of AP, while the a-secretase cleaves APP at a location that
disrupts the formation of AP. The cut site of the -secretase is essentially
the first branch point in the difference between the amyloidogenic and
non-amyloidogenic pathways of APP. BAPP-CTF is eventually cleaved
by y-secretase which results in the distribution of AB peptide into the
extracellular matrix (Figure 1).

The second major pathway of post-translational APP processing,
the non-amyloidogenic pathway, produces a P3 peptide (Figure 1). The
P3 peptide represents a truncated form of AP (amyloid B-peptide 17-
40/42). This pathway begins when the APP transmembrane protein is
cleaved by a-secretase. The implementation of the cut site for a-secretase
removes the possibility of AP production. After the protein is cleaved by
a-secretase, a soluble sAPPa is secreted into the extracellular matrix and
a aAPP C-terminal fragment (CTF) remains bound to the membrane.
Next, a y-secretase, cleaves the a APP-CTF to produce a P3 peptide in
the extracellular matrix and an amyloid precursor protein intercellular
domain (AICD) inside the membrane.

These two post-translational pathways determine the possible
functions of APP, and they are the subject of studies directed to reduce
AP plaque formation. The interactions of the amyloidogenic and the
non-amyloidogenic pathways are an area of much investigation. For
instance, the P3 protein has been found to be present in Ap plaques in
patients with AD and Down’s Syndrome [15,20,21]. Lalowski, et al. [20]
studied the brains of six patients with confirmed Down’s Syndrome.
They examined pre-amyloid deposits in the cerebellums of these
patients. They showed that the P3 peptide was a major component of
pre-amyloid lesions. However, they demonstrated that the hydrophobic
P3 peptide could form amyloid-like fibrils, but it could not form these
fibrils as well as the full-length A peptide that contained the N-terminal
domain AP1-16 of the full-length APP, which inhibits exposure of the
hydrophobic core. Further work will be necessary to delineate the role
of the P3 peptide as it is found in the A plaques. This work will involve
seeking a better understanding of regulatory factors that are involved
in pre-amyloid and AP formation as well as the mechanisms by which
these processes progress.

Knock-out Studies of Amyloid Precursor Protein (APP)

When studying APD, it is important to explore studies that have
examined the ramifications of APP knock-out. Knock-out studies
of APP have been performed for more than 20 years. These studies
have revealed much about the function of APP, and they have also
demonstrated that APP has many interactions within the cell. Early
studies generated knockout models with variations in methodologies.
One of the primary methods that many researchers implemented
to create these knockout models was the use of a targeting vector
containing a disrupted APP gene and a drug resistance gene [22,23].
These targeting vectors were incorporated into embryonic stem cells.
In a standard “knock-out” protocol, the stem cells were treated with
the drug for which the targeting vector provided resistance in order to
properly determine which stem cells incorporated the targeting vector
through the process of homologous recombination [22,23]. After

Biomed Genet Genomics, 2019 doi: 10.15761/BGG.1000146

incorporating the disrupted APP gene, the stem cells were injected into
mouse embryos at the blastocyst stage in order to generate APP knock-
out models [22,23]

Early knock-out studies of APP provided many clues about APP
and AP function. Several studies found that APP knock-out mice
displayed decreased locomotor activity and also impaired neuronal
function [22-24]. Dawson, et al. showed that APP knock-out mice
demonstrated impaired long-term potentiation (LTP) in neurons,
which is believed to be involved in memory formation through repeated
neuronal responses [24]. This study focused on LTP processes in the
hippocampus and found that the levels of gliosis of neuronal cells in
the hippocampus were associated with deficits in LTP observed in APP
knock-out mice. These findings suggested that APP likely plays a role in
neuronal and synaptic development. Dawson’s findings suggested that
AP has neurodegenerative effects that lead to synaptic loss. However,
they also concluded that APP has neuroregenerative effects that may
be useful to counteract the effects of AP under certain conditions. They
hypothesized that the neuroregenerative properties of APP may be
problematic in neurons that have dysfunctional neuritic sprouting, and
that APP could increase neurodegeneration under certain conditions of
increased A. Because of this interplay with AP and APD, it is believed
that there is a delicate balance that exists between the effects of these
two proteins.

Another early APP knock-out study focused on how APP is
involved in copper homeostasis in mice. APP and its different isoforms
are known to contain binding sites for copper and zinc metals. Redox
reactions involving these metals, in neuronal cells, can lead to the
formation of harmful free radical molecules if these metals are not
properly metabolized. White, et al. [25] made comparisons of the
relative levels of these metals in different brain tissues between wild-
type and APP knock-out mice. The results of this study showed that
APP knock-out mice displayed significantly higher levels of these
metals in the cerebral cortex. This finding suggested that APP likely
plays an important role in the processing and clearance of potentially
harmful metals in brain tissue [25].

The use of APP knock-out studies to further delineate the
function of APP has continued to be the subject of investigation. As
biotechnology continues to advance, tools such as CRISPR-Cas9 have
become more useful in knock-out experiments [26]. CRISPR-Cas9 is
a restriction endonuclease that can be used to create double strand
breaks in targeted sequences of DNA. The specificity and ease of use
of CRISPR-Cas9 technology has made it an increasingly common tool
for researchers to use in knock-out studies (26). This technology has
been used to target APP. In a study by Gyorgy, et al. [27], an APP gene
with a known familial Alzheimer’s Disease genetic mutation (Swedish)
was targeted. CRISPR-Cas9 technology was utilized to knock-out this
mutant APP allele both ex vivo and in vivo. Utilizing patient derived
fibroblasts, CRISPR-mediated disruption of the mutant allele resulted
in a substantial reduction in secreted AP. Additionally, in vivo studies
were performed. An adeno-associated viral (AAV) vector was utilized
to deliver CRISPR-Cas9 and disrupt the mutated allele in transgenic
mice carrying the mutation. Following sacrifice of the animals and
DNA analysis, the mutant alleles were found to be disrupted. The
mutant alleles displayed indels whereas normal cerebellar tissue did
not. These results suggest that future gene therapy approaches may be
possible in familial-associated AD.
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Knock-in Models of Alzheimer’s Disease and the Study
of Methods to Treat AD

Mouse models that mimic Alzheimer’s Disease (AD) have
undergone an interesting evolution during the last 25 years [28-30].
First generation knock-in models involved the knock-in of wild-type
APP or mutated APP with known Familial Alzheimer’s Disease (FAD)-
associated mutations of APP [30-38]. These various transgenic mouse
models have been used for numerous studies of AD over the years.
These first-generation models have been helpful to study various aspects
of APP. For instance, these models have been helpful in the study of
APP interactions during rigorous environmental manipulations and
the progression of APP to AB. However, the first-generation models are
generally associated with overexpression of APP and the possibility that
non-physiological levels of APP may lead to misinterpretation of the
results of these studies. Therefore, the results of these studies may be
complicated by the production of APP fragments other than Ap due to
the high levels of APP.

Recently, investigators have sought to develop knock-in models
of APP that are not associated with concomitant overexpression of
APP. These new strategies constitute the second-generation APP
knock-in strategies. Saito, et al. developed an APP knock-in strategy to
accomplish this goal. This strategy of APP knock-in employed a method
of humanizing the murine AP by changing three amino acids that
differ between mice and humans (G676R, F681Y, and H684R) [39,40].
Additionally, they initially introduced two known FAD mutations.
KM6701671: Swedish and 1716F: Beyreuther (Iberian) [40-44]. These
APPN“F mice were found to have increased AB42 and a high ratio of Ap
42/ AP40, but they showed physiological APP levels. They also showed
increased AP deposition in the cerebral cortex and hippocampus.
This AP deposition was associated with memory dysfunction at an
age of 18 months, as measured by the Y-maze test. Additionally, the
mice demonstrated defects in special memory and reduced attention
aptitude [39].

Next, APP knock-in mice with a third know FAD mutation were
developed. This third mutation was the Artic mutation (E693G)
and these APPN-GF mice also showed enhanced AP production.
The APPNSF mice demonstrated greater AD pathology and more
significant cognitive dysfunction than the APPNF mice. These second-
generation models have allowed for in vivo studies of AD with knock-
in mouse models in which APP levels remain physiological. Both the
first and second-generation knock-in mouse models display substantial
differences in the phenotypic outcomes depending on the specific FAD-
associated APP mutations [44]. Therefore, investigators have chosen
a variety of FAD knock-in model systems to study APP in AD [42].
These APP knock-in systems have been useful for testing new cellular
conditions or new therapeutics that may target APP-induced cognitive
decline.

As stated above, many lessons have been learned from first-
generation mouse models. They have been instrumental in foundational
concepts of AD and remain useful today [30,36,45-47]. Early studies
of male transgenic mice expressing the 751-amino acid isoform of
human amyloid precursor protein (BAPP-751) demonstrated that the
mice were less active and showed impaired spatial learning. However,
histopathological evaluation of the mice did not show increased
levels of AR deposition. These results suggested that increased levels
of APP alone (without an associated increase in the accumulation of
AP) may result in the compromise of neurological function under
certain conditions [45]. During these early explorations of APP and
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AP deposition, it became evident that there was interplay between
APP isoforms and other regulatory events. For instance, Quon, et al.
explored the implications of the ratio of B-APP-751 (presence of Kunitz-
type serine protease inhibitor) and B-APP-695 (absence of Kunitz-
type serine protease inhibitor). They found that the increased ratio of
B-APP-751/ B-APP-695 resulted in increased AP formation [46].

Another example in which the knock-in of an FAD-associated-
mutated APP gene has been used to study the progression of AD is the
investigation of the G-protein couple receptors; heterotrimeric guanine
nucleotide-binding protein-couple receptor (GPCR) known as GPR3.
GPR3 has been shown to be involved in y-secretase activity and the
generation of A [48,49]. Therefore, Huang, et al. chose to study this
association further by utilizing the APP/PSI transgenic mouse model
(FAD: Swedish mutated APP with an additional mutation of Presenilin
1), which is known to demonstrate increased AP. They explored the
effect of introducing deficiencies in one copy of GPR3. They found that
AB levels were significantly decreased in the hippocampus of mice at 9
and 12 months, and pathological evaluation of the brains of these mice
revealed significant reductions in amyloid plaque formation. Therefore,
these results suggested that GPR3 activity may be a valuable target in
the treatment of AD and may lead to marked reduction in amyloid
plaques [50].

Therefore, these mouse models of AD have allowed investigators
to gain an enormous amount of information regarding the mechanistic
underpinnings of Ap formation in AD. The biology of APP (see early
summary) has demonstrated that there are potentially many aspects
of APP expression and post-translational modification that can be
targeted to reduce AP and amyloid plaque formation. Furthermore,
there are many genes that influence various steps in AP metabolism and
further delineation of this complex process will lead to new avenues of
approaching this debilitating disease from a genetic basis. Other recent
investigations of these processes are outlined in Table 1.

Examples of APP Modifications in Models Other than
Mouse Models
Many model systems are being used to study mechanisms of A

deposition that could eventually lead to treatments of AD. Many of
these investigations are aimed at modifying post-translation processing

Table 1. Potential means to alter the ramifications of Alzheimer’s Disease-associated
mutant APP

Model APP Manipulation Result

Knock in mice: APP Liqustilide, a lipophilic | Memory impairment
mutation and PS1 mutation |plant, that enhances alpha- | | AB level

[61] processing of APP | Plaques

SAKS3 treatment which is Previous studies have shown

Knock-in mice:
APPN-GF mutation [62]

Knock-in mice: APP
Swedish mutant and PS1
mutant [63]

Knock-in mice: APP
Swedish mutant and PS1
mutant [64]

associated with release of
acetylcholine, dopamine and
serotonin

Resveratrol trimer,
miyabenol C

isolated from stems and
leaves of small-leaf grape
plants

Jujuboside A increases
HSP90B - known stabilizer
of proteins (suggest
stabilization of proteins
essential for A clearance)

decreased dopaminergic and
serotonergic pathways in
APPN-SF knock-in mice

Inhibits f—Secretase

and accumulation of
B-Amyloid which may be
mechanistically related
to neuroprotection from
Alzheimer’s Disease

| cognitive deficiency of
mutated APP/PS1 transgenic
mice

APP = Amyloid Precursor Protein; PS1= Presenilin 1; Ap = Amyloid-Beta; SAK = Calcium

Channel Enhancer
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of APP. In contrast to previously mentioned studies that explored
methods to decrease y-secretase activities, others have examined the
significance of a-secretase. Explorations with a-secretase have centered
on upregulation of a-secretase in order to decrease AP production
(Figure 1). Upregulation of a-secretase leads to a soluble form of APP
and potentially less formation of AP (non-amyloidogenic pathway).
Therefore, in vitro studies were performed to examine the mechanism
by which activation of the G-protein-coupled 5-hydroxytryptamine 4
(5-HT4) receptor leads to increased a-secretase activity and enhanced
processing of APP to its soluble form [51]. These investigators found
that 5-HT4-induced upregulation of a-secretase is dependent on Src-
mediated activation of phospholipase C. These mechanistic steps may
lead to improved methods of enhancing a-secretase processing of APP.

Recently, in vitro investigations of HEK293 cells with the FAD
Swedish mutation of APP demonstrated that Bexarotene (a vitamin A
derivative) interfered with AP accumulation and resulted in decreased
AP levels [32]. However, these studies suggested that the reduction of
AP was not due to the inhibition of y-secretase cleavage as had been
suggested by prior studies of Bexarotene. The authors hypothesized that
Bexarotene may be a promising agent for reducing the accumulation
of AP but may interfere with the toxicity of Ap through mechanisms
involving the decay of secreted AB. A better understanding of the
mechanisms underlying these effects will contribute to future therapy-
directed efforts.

Since autophagy has been implicated in neurodegeneration
processes, the role of autophagy in AD has become the subject of
investigation. Beclin 1 promotes autophagy and recruitment of
membranes to form autophagosomes [52,53]. Immunoblots were
performed to evaluate beclin 1 protein levels in the cells from the mid-
frontal cortex gray matter of 8 patients who had died with moderate
to severe AD. These beclin 1 levels were compared to levels in 11 non-
demented control patients. The patients with AD were found to have
beclin 1 levels that were 30% of controls. Interestingly, the beclin 1
levels in the gray matter of unaffected cerebellum in AD patients were
comparable to the non-AD patients. It is hypothesized that beclin
1 deficiency disrupts lysosomes and promotes AP accumulation.
Therefore, it is possible that upregulation of beclin 1 may be a potential
therapeutic option in the future.

Finally, the significance of APP phosphorylation may be an
important area of future investigation in AD. Recent investigations
have shown that leucine-rich repeat kinase 2 (LRRK2), a gene in which
mutations are common in Parkinsons Disease (PD), phosphorylates
APP at Thr668 and promotes enhanced transcription and accumulation
of the APP intracellular domain (AICD). Also, these investigators
found that this enhancement of AICD was associated with increased
translocation of AICD to the nucleus. Further work regarding the
significance of these events in patients with AD is warranted.

The above investigations of APP processing demonstrate that
there are many pieces in this mechanistic puzzle. This complexity has
made it difficult to translate laboratory finding into useful treatment
approaches for patients. Future studies will be directed towards a better
understanding of how these puzzle pieces are interconnected.

Future Directions and New Work on Enhancer Regions
as Potential Targets
In this short review, the role of APP in AD has been presented. The

processing of APP and the development of AP plaques is a complex
sequence of events. We have discussed how investigators are seeking
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to manipulate these events at various junctures in the development of
AP plaques. As we gain a better understanding regarding which events
are critical in the path from APP to AP plaques, future studies may
lead to the ability to alter these pathways at a genetic level. These future
studies will involve an improved understanding of the regulation of
critical proteins at the genetic level. The study of enhancer regions of
critical proteins in the regulation of AD is an exciting new avenue of
investigation [54,55].

Enhancer regions are cis-regulatory elements that increase the
transcription levels of different genes. These elements are typically in
the size range of 500 bp in length and can be bound by transcription
factors that allow them to bind and interact with other regions of the
genome [56]. These enhancer regions can be located as far away as 1
Mb from a region that is being enhanced. Enhancer regions typically
interact with promoter regions. Promoter regions dictate where
transcription of different genes will begin (Figure 2). The transcription
factors of the promoters and enhancers interact, and the genomic
region between the promoters and enhancers creates a “looping-in”
event as depicted in Figure 2 [57,58]. There are many characteristics
that indicate the presence of enhancer regions. Some of these
characteristics include the histone marks, H3K27Ac, H3K4Mel, and
H3K4Me3. DNase hypersensitivity and transcription factor binding
sites are also considered to be markers for possible enhancer regions
[56,57]. Due to the highly packed nature of chromatin and the fact that
enhancer regions must be accessible to transcription factor proteins, all
of these enhancer region marks are indicators of where the genome is
“open” or accessible for these interactions [59]. As the name “histone
marks” indicates, these interactions take place on histone proteins that
have function in the coiling of DNA. H3K27Ac (acetylation of the
27th lysine of histone 3) and H3K4Mel (mono-methylation of the 4th
lysine of histone 3) are markers for active enhancers, while H3K4Me3
(tri-methylation of the 4th lysine of histone 3) is a marker for inactive
enhancers. DNase hypersensitivity is used as a marker for possible
enhancer sites as susceptibility to cleavage by DNase requires that the
DNA is “open” and this is also a requirement for an enhancer region.
Transcription factor marks are necessary marks for enhancer regions
due to the nature of the interactions that take place between enhancer
regions and other portions of the genome [56,57]. Through the use of
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Figure 2. The three-dimensional interactions that take place between enhancer regions
and promoter regions of the APP gene are depicted
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the genome-wide Chromatin Immunoprecipitation (ChIP) assay, many
of these different genomic characteristics have become accessible for
the use of identifying possible enhancer regions [56].

Since enhancer regions are known to regulate the transcription
of genes such as the APP gene and the genes that produce proteins
that are involved in APP processing, they are an important subject of
investigation regarding potential methods to reduce AP plaques. In
the future, it will be important to develop therapeutics that have the
potential to regulate the expression of the genes that are involved in
APP expression and the genes that are involved in APP processing as
well as AP plaque formation. The enhancer regions for these genes are
potential targets for regulating these processes of the expression of these
genes. Genetic databases and bioinformatics have created the ability to
search for candidate genetic sequences that can subsequently be tested
for this desired activity [60].
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