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Abstract:

Background: Alzheimer's disease (AD) is a syndrome of chronic or progressive origin that can deteriorate neural functions,
especially cognitive ones, with worsening of memory, thinking, orientation, understanding of learning capacity and
judgment, usually accompanied by bipolarity.

Aim: to analyze the influence of Type 2 Diabetes Mellitus (DM2) on the alteration of proteins involved in the development
of Alzheimer's disease.

Materials and methods: This is a systematic review study, in English and Portuguese, between 2010 and 2022.

Results: From the data collection, it was possible to observe the relationship of amyloid beta and tau proteins with
Alzheimer's, and the direct impact that glycemic dysregulation due to insulin resistance, considered one of the main
characteristics of DM2, it can cause, leading to the accumulation of beta-amyloid and Tau hyperphosphorylation, making it
possible to state that there is a connection between DM2 and AD, acting as a cofactor for the development of the disease of
Alzheimer's and evolution of more severe conditions.

Conclusions: we can see that there is a link between DM2 and AD, due to selective deficiencies in insulin signaling, together
with the positive regulation and accumulation of beta amyloid protein and hyperphosphorylation of Tau protein, being a
cofactor for the development of Alzheimer's disease and the evolution of more severe conditions.
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Abbreviations:

AD: Alzheimer's disease

DM: Diabetes Mellitus

DM2: Type 2 Diabetes Mellitus

PET: Positron emission tomography
PIB: Positron emission tomography with 11C-Pittsburgh compound B

BMI: Low cognitive impairment

WHO: World Health Organization .
g P-tau: levels of phosphorylated tau protein
A: B-amyloid protein .
BA. p-amy P T-tau: Levels of phosphorylated total tau protein
HOMA-IR: Homeostatic Model for the Assessment of Insulin Resistance

BBB: Blood-brain barrier

MRI: Cranial magnetic resonance imaging

APOE: Apolipoprotein E

PSD: Component of postsynaptic density CBD: Corticobasal Degeneration

CSF: Cerebrospinal fluid
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PSP: Progressive supranuclear palsy
DFT: Frontotemporal dementia
PI13K: Phosphoinositide 3-kinase
EDI: Insulin-degrading enzyme
CNS: Central nervous system (CNS)
PLA2: Phospholipase A2
p-AKT: Protein kinase B (p-AKT)
GSKa3: Glycogen synthase kinase 3 (GSK3).
AGE’s: Advanced Glycation End Products (AGE's)
1. Introduction

Alzheimer's disease (AD), or also known as dementia, is a syndrome of
chronic or progressive origin that can deteriorate neural functions, especially
cognitive ones, with worsening of memory, thinking, orientation,
understanding of learning capacity and judgment, usually accompanied by
bipolarity [1].

According to the World Health Organization (WHO), more than 55 million
people live with Alzheimer's worldwide and about 10 million incidences per
year [1]. In Brazil, it is estimated that the average prevalence may present
the highest worldwide in elderly people over 65 years old, which will
increase from 7.6% to 7.9% between 2010 and 2020, totaling 55,000 new
cases per year2. In the ranking of the main causes of death in the world,
Alzheimer's currently occupies the seventh place among all the diseases that
cause disability and dependency in the elderly, with about 1.5 million per
year, with the prevalence increasing more and more [1].

Dementia can affect not only the carrier of the pathologies, but also their
family members and caregivers, presenting and manifesting in different
ways, depending on the preceding causes, or other health conditions that
would aggravate the neurological functioning problems before the person is
diagnosed with Alzheimer's [1]. The apparent symptoms linked to
Alzheimer's can be separated into 3 stages: initial, intermediate, and late
stage, where in the initial stage the loss of simple notions of space and time
is observed, such as getting lost in familiar places, forgetting recent facts,
and even lose track of time. As the disease worsens, it advances to the
intermediate level, in which communication begins to be affected, with
difficulty recognizing family members, and the need for help with personal
care. In the most advanced stage called Late Phase, the patient becomes
totally dependent, needing to be always assisted, with his motor coordination
to walk affected and showing the first signs of bipolarity [1,2].

According to Povova et al. [3], more than a century after the discovery of
Alzheimer's disease, only two pathological processes were identified for the
of the disease, which are: development deposition of f-amyloid protein (BA)
and tau proteins, usually observed in the first diagnosis. However, other
hypotheses are also suggested, such as molecular, genetic, and
epidemiological alterations, which are currently being studied. Diabetes is
one of the diseases in which it is believed that there is a relationship in which
there may be a contribution to the development of AD, and there are already
some studies that try to talk about the relationship between the two diseases

[4].

Diabetes is part of a group of metabolic diseases that are determined by
hyperglycemia, resulting from a defect in insulin action, secretion, or both.
Hyperglycemia, which is directly related to diabetes, is associated with
future damage, dysfunction, and the failure of numerous organs, some of
which are: “eyes, kidneys, nerves, heart and blood vessels”. The
development of diabetes involves many pathogenic processes, which can be
“autoimmune destruction of the B cells of the pancreas with consequent
insulin deficiency and even abnormalities that result in resistance to the
action of insulin”, or a lower tissue response at points in the pathways of
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hormonal action, of so that, when there is a deficiency in the action of insulin,
as in cases of diabetes, the metabolism of macronutrients does not occur
normally [5,6].

Diabetes cases most often fall into two categories, Diabetes Mellitus (DM)
type 1 and Diabetes Mellitus type 2, with type 1 occurring when there is a
total deficiency of insulin secretion because of the destruction of pancreatic
B cells, while type 2 DM is caused by insulin resistance defined by a certain
deficiency in the secretion of pancreatic  cells, which can lead to
hyperglycemia [7]. Among these two types of DM, the most common is type
2, which is closely associated with obesity and aging, with type 1 having its
greatest development in children and adolescents [8].

In type 1 DM, only 5 to 10% of people have this form of diabetes that is
characterized by autoimmune destruction by pancreatic f cells, this rate of
destruction varies from fast to slow from individual to individual and is
usually faster in children and adolescents and slower in adults. The first
manifestation that can be represented mainly by children and adolescents is
ketoacidosis (accumulation of ketone bodies making the blood acidic), while
others have modest fasting hyperglycemia, but which can change to more
severe hyperglycemia or ketoacidosis due to infection or some other another
stress. While adults normally retain pancreatic B cell function and arrest
ketoacidosis for quite some time, making them dependent on insulin to live
and still at risk of ketoacidosis [5-9].

Regarding type 2 DM, about 90 to 95% of people have this form of diabetes,
occurring in people who have insulin resistance and presenting a relative
diabetes, usually without an insulin deficiency, which happens at the
beginning or even for a long time these people do not need insulin treatment.
Most cases of type 2 DM are in obese people, which already causes a degree
of insulin resistance by itself, since obese patients may have a higher
percentage of body fat in the abdominal region. It is rare for ketoacidosis to
occur spontaneously in type 2 DM, when it happens it is usually associated
with other stresses or diseases [5-10].

AD and type 2 DM share features that are common in oxidative stress
inflammation and insulin resistance [11]. As already mentioned, DM 2 is
characterized by insulin resistance, which is the result of the reduction or
failure of the response of peripheral tissues to insulin [12], generating
hyperglycemia, which can negatively affect brain functions, such as the
mechanism of glucose neurotoxicity. A common way to assess insulin
resistance is through the Homeostatic Model for the Assessment of Insulin
Resistance (HOMA-IR), a method considered the gold standard [13].

Insulin is a peptide hormone produced by pancreatic beta cells, and in
addition to the function of regulating blood glucose levels, it has a
neuroprotective function, regulating synaptic plasticity, becoming essential
for good cognitive functioning. Insulin transport to the brain is via receptors
located on the blood-brain barrier (BBB), which are distributed throughout
the brain. Insulin also has access to regions of the brain that are not protected
by the BBB, such as the hypothalamus [12-14].

Most insulin receptors are located on neurons, concentrating on synapses,
which is an important insulin signaling site in the brain, as a component of
postsynaptic density (PSD) [12]. The pathophysiology of neurodegeneration
and cognitive decline that are associated with DM involves not only
hyperglycemia and deficits in insulin signaling, but also hormonal changes,
inflammatory  processes, activation of neurotoxic pathways and
mitochondrial dysfunction, characterizing multifactorial [15].

Therefore, the aim of this study was to analyze, through a systematic review
of the literature, the influence of Type 2 Diabetes Mellitus on the alteration
of proteins involved in the development of Alzheimer's disease.

2. Materials and Methods

This is a systematic review of the literature, which was carried out from the
consultation of databases such as SCIELO, PubMed and Science Direct,
selecting articles published in English and Portuguese, between the years
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2010 to 2022. The terms used was Alzheimer Disease, Diabetes Mellitus,
amyloid beta and tau. Based on these descriptors, the following word
combinations were investigated: demyelination, disease progression.

Inclusion criteria were original articles published between 2010 and 2022,
addressing the relationship between diabetes mellitus and the alteration of
proteins involved in Alzheimer's disease, review articles and those published
outside the defined date for inclusion were excluded.

Copy rights@ Luciana Pietro

In the survey process, through the use of descriptors, the presence of 11,004
articles related to the theme was verified. Of these, the abstracts were read,
and based on the inclusion and exclusion criteria, 35 articles were separated,
which were carefully analyzed. Of these 35, only 10 articles presented
dosages of the analyzed proteins, which were then used for the systematic
review. The process of search and selection of papers is shown in the
Flowchart below (fig. 1), and the main data of the articles gathered are
described in table 1.

After screening, 35
studies were retrieved
for careful analysis

N
19 studies were
excluded in view of the
established criteria

11,004 articles -
Database: PubMed,
SciELO, Science Direct

For selection and
inclusion in the review,
there were 16 studies.

Six articles were
excluded after a
detailed evaluation

10,994 studies were
excluded in total

10 studies were
included in the total
review

Figure 1: Search and selection process flowchart

3. Results

After the search carried out in all mentioned databases, 10 original articles
were selected, 4 of which analyzed Tau protein [16-19], 5 addressed the -
amyloid protein (BA) [20-24] and 1 covered both proteins, Tau and (-
amyloid [25], all associated with increased or reduced expression of these
proteins in the pathological condition of AD.

The study by Karikari et al. [22] analyzed the plasma expression of the p-
taul81 protein in patients with Alzheimer's disease and age-matched
controls, with or without varying degrees of cognitive impairment. Their
results found that plasma p-taul81 expression showed gradual increases
along the Alzheimer's disease continuum, allowing to distinguish
Alzheimer's disease dementia from amyloid B-negative young adults and
cognitively intact older adults, as well as other neurodegenerative disorders,
including frontotemporal dementia, vascular dementia, progressive
supranuclear palsy or corticobasal syndrome, and Parkinson's disease or
multiple system atrophy. In addition, plasma p-taul81 has been associated
with pathologies of brain tau as measured by PET (positron emission
tomography), B-amyloid, and 1-year cognitive pathologies of decline and
hippocampal atrophy [22].

Similarly, studies by Drummond et al. [17] aimed to determine which
proteins pathological pTau interacts with in Alzheimer's disease. For this
reason, cases of sporadic Alzheimer's disease were included in the first
localized proteomic study of NFTs (neurofibrillary tangles), and 5 cases of
sporadic Alzheimer's disease were included in the second pTau interactome
study, with subjects with a mean age of 61-91 years. In their results, the
presence of tau protein was verified in all cases, as being the most abundant
in the samples. One hundred and sixty-six unique tau peptides were
identified in this study (considering the presence of post-translational
modifications), of which analysis of specific peptides showed evidence of all
six isoforms of human tau. In the two complementary proteomic approaches,
it determined the proteins present in the NFTs and the proteins that interact
with pTau. Combined analysis of data generated using both approaches
identified 75 proteins that are present in NFTs and significantly interact with
pTau [17].

The article by Barthélemy et al. [18] determined by mass spectrometry the
potential usefulness of plasma p-tau isoforms for detecting AD pathology
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and investigating relationships of tau isoform profile in cerebrospinal fluid
(CSF) and plasma. A total of 126 individuals were evaluated in discovery
and validation groups, in which plasmatic p-tau alterations were verified,
especially in p-tau-217, reflecting highly specific modifications in the CSF
for the detection of phosphorylation alterations in soluble tau and
amyloidosis, which is consistent with that blood p-tau isoforms are
potentially useful for detecting AD pathology, disease staging and diagnosis
[18].

In relation to the works by Palmqvist et al. [19] examined plasma tau
phosphorylated on threonine 217 (P-tau217) as a diagnostic biomarker for
AD, with three cross-sectional cohorts: Arizona-based neuropathology
cohort, including 34 participants with AD and 47 without AD, the Swedish
BioFINDER-2 cohort (cohort 2), including cognitively intact participants (n
= 301) and patients clinically diagnosed with mild cognitive impairment
(MCI) (n = 178), AD dementia (n = 121) and other neurodegenerative
diseases (n = 99) and an autosomal dominant Colombian AD family (cohort
3), including 365 carriers of the PSEN1 E280A mutation (mutation that
causes early-onset Alzheimer's disease) and 257 non-mutation carriers, with
a mean age of 34 - 84 years. Among 1402 participants from 3 selected
cohorts, plasma P-tau217 discriminated AD from other neurodegenerative
diseases with significantly greater accuracy than established plasma and
MRI-based biomarkers, and its performance was not significantly different
from leading cerebrospinal fluid (CSF) or Positron emission tomography
(PET) based measurements [19].

The article Blasko et al. [20], examined the similarity of Late-Level
Depression (LOD) subsequent to AD (Alzheimer's Disease) with plasma
amyloid-42 Beta, in a sample of people who never had episodes of
depression and without dementia in the beginning of the study. A 5-year
prospective longitudinal study was performed in a nursing home, with 331
participants. After separating DA converters, regression computation
showed that the highest plasma AP42 value at baseline was a positive
predictor. Regardless of whether patients with mild cognitive impairment at
2.5 years were included or excluded in the regressions, higher plasma levels
of APB42 were relevant predictors for the development of AD at 5 years. The
highest conversion to AD was for males, but not high scores on the Geriatric
Depression scale, with cases of stroke or cerebral infarction, there was no
association for interaction in plasma levels [20].

The article Wang et al. [21] evaluated 24 patients with AD and 37 with
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normal cognitively controlled levels and underwent extensive clinical
evaluations, such as: blood collection, neuropsychological tests, brain
magnetic resonance imaging, measurement of AP42 cerebrospinal fluid
(CSF) and positron emission tomography with 11C-Pittsburgh compound B
(PIB). Pearson's correlation judgments between estimates of AP oligomer
levels and other biomarkers. Analyzes were used to compare the
performance of each biomarker. In the results, plasma levels of Af oligomers
by MDS were higher in patients with AD than in control individuals [21].

In the Youn et al. [16] article, an ultrasensitive blood immunoassay was
performed. Trial performance was evaluated in 4 prospective clinical
cohorts. The investigated cohort consisted of patients with diagnosed
Alzheimer's and age-matched controls. Two markers were used (TRIAD and
BioFINDER 2), cognitively affected elderly, mean age 63 to 69 years,
patients with low cognitive impairment (BMI) were entered into the study.
In all tests, plasma p-taul81 showed increases throughout AD, even in
smaller scales in cognitively unimpaired adults and young and elderly, and
higher concentrations in elderly with beta-amyloid accumulation and
cognitively compromised. The concentrations with the highest levels of p-
taul81 were elderly positive for Alzheimer's, vascular dementia,
supranuclear palsy and Parkinson's disease [16].

The article Stocker et al. [23], evaluates a cohort linked to the community,
the misfolding of A in the plasma measured by immuno-infrared sensor and
APOE genotype, 770 volunteers were studied followed for 14 years. We
investigated similarities between AP misfolding, APOE4 and other
predictors with clinical incidence of AD, vascular dementia and mixed
dementia. Ap misfolding in blood plasma was aggressively and specifically
predictive of risk for AD, even before diagnosis in a community setting.
Incorrect folding increased the chances of a clinical diagnosis of AD by 23
times. There was no association observed with volunteers diagnosed with

Auctores Publishing LLC — Volume 4(4)-051 www.auctoresonline.org
ISSN: 2767-7370

Copy rights@ Luciana Pietro
vascular or mixed dementia [23].

The article Wattmo et al. [25] investigated the potential associations between
cerebrospinal fluid (CSF) levels of phosphorylated tau (P-tau) and total tau
(T-tau) with short-term response to cholinesterase inhibitor (ChEl)
treatment, longitudinal outcome, and rates of progression in Alzheimer's
disease (AD). This prospective, observational study included 129
participants clinically diagnosed with mild to moderate AD who underwent
a lumbar puncture. The CSF amyloid-p1-42 (Ap42), P-tau and T-tau
biomarkers were analyzed with xMAP technology. Cognitive, global,
instrumental, and basic activities of daily living skills (ADL) were assessed
at baseline chei therapy and biannually over 3 years. All participants had
abnormal A 42 (A+). 58 subjects (45%) exhibited normal P-tau and T-tau
(A+ T— (N)-), 12 (9%) abnormal P-tau/normal T-tau (A+ T+ (N)-), 17 (
13%) normal P-tau/abnormal T-tau (A+ T— (N)+) and 42 (33%) abnormal P-
tau and T-tau (A+ T+ (N)+) 21) [23].

The Article Dominguez et al. [24], were evaluated in the St. Luke's Medical
Center Global City from January 2018 to March 2019 for detailed
neuropsychological examinations, cranial magnetic resonance imaging
(MRI) and blood work. The criteria for including the patients were: adult
patients with reporting cognitive decline or memory loss; diagnosed by a
specialist; underwent comprehensive neuropsychological assessment at the
Memory Service clinic and fMDS-OA result was available. In total there
were 231 participants, among them, 84 were excluded for not meeting the
required criteria, which ultimately left 147 participants in the study,
predominantly female. The results showed no significant difference in sex
distribution among the four clinical diagnoses. However, age group and
alternation of AD stage were significantly different in different etiological
diagnoses [24].
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Aunthor / Year Protein | Sample Group Rezultz (concentrations)
Blazko et al 2010. beta Total: 331 ndividuals Hizher lavals of Beta-42 pradict the development of AD.
[20] amyloid | Group: MNC higher plasma & 42 levels at baseline and male gender were significant
. Age: 75 year= old pradictors for the development of probable or possible AT at 5 years
Follow-up: 2 — 5 years
Wang etal, 2017, beta Total: 61 mmdriduals Plasma levels of AP cligomers by MDS were higher m AD patients than
[21] amyloid | Groups: AD and NC in normal eontrol subjects.
. Age 50 — 90 vears AUC levals of AD: 0.344 (95% CT 0.735%-0.5539) high result within the
Follow-up: 6 vears comparison range, potantial method to diserinunate patients with AD from
NC.
Karikari etal, 2019, Tau. Total: 11231 indivaduals In zll cohorts, plasma p-taulfl showed gradual imcreases across the
[22] Groups: discovery Alzheimer's dizease continunm.
echert; validation Plasma p-taul3] distingnished Alzheimer's dizease dementia from
(TRIAD), validation amyloid f-negative young adults, from cognitively intact older adults, and
(BioFINDER.-2) and from  other neurcdeganarative dizorders, including frontotersporal
Primary care. dementia.
Age: 23 — 69 vears old Plasma p-tanlf1 was associated with brain tau pathologies measured by
PET, amyloid B, l-year cogmitive decline, hippeocampal atrophy
discrimmatmg Alzheimer's disease of cogmitively intact young adults from
elderly.
With elevated AUC range from 76.14% to 100%
Youn etal, 2019.[16] | beta Total: 162 individuals Olizomerization of Af in the blood can cause a pattemn of AT in the brain.
amyloid | Groups: Mormal Chararteristics of Af m the blood are related to changes m bram volume.
. Healthy (FINC), MCTlight - 0.964
Subjectrie Cognitrve ADvalzhermer's - 0.983
Dacline (SCD), Mild HNC/normal - 0.852
Cognitive Impairment SCDvsubjective decline - 0.925
(MICT) and Dementia of
Alzheimer's Dizeaza
(AD).
Age: 63 vears
Drummond et al, Tan. Total: 12 mmdrviduals Tan was the most abundant protem detected in PHF1 co-IP samples.
2020[17] Groups: Localized Tan was the most significant upstream regulator of proteins prezent in
proteomics of MFTz and | MFTs (104 tzu-regulated proteing)
pTau interacting
Aze 61 — 91 vears old
Wattmo et al., 2020. Tau, Total: 129 mdividuals All patients had abnormal AF 42;
25] Beta Group: AD C3F biomarkers:
amivloi | Aze: +40 years Referance: AP 42: < 209 ng/ml - Ptzu: > 51 ng/ml - T-tau: > 100 ng/ml;
3 - vaar follow-up; Lowast quartile znd quimtile of AR 42 (= 104 and = 106 nziml), highast
quartile and guintile of P-tau (= 63 and > 70 ng'ml) and T-tan (> 126 and
> 129 ng/ml) ml)
Barthélemy =t al., Tan. Total: 126 mdividuals Blood p-fan isoforms are potentially useful for detacting AT pathology,
2020[18] Groups: discovery and dizezse staging, and diagnosis.
walidation Agzed Controls 2.21
Age: umkmonwm; No Alzheimar's: MCI 213
Preclinical AD: 2.E1
AD-mild cognitive hnpairment: 328
Moderate Alzheimer's: 358
Palmavist at al | Tan Total: 1402 ndividuals. | Diseriminative accuracy of plasma P-taw?l7 for AD (clinieal or
2020.19] Groups: Arizona neuropathological diagmosis).
Menropathology Court, WITHOUT ALZHEIMEF. 3. 3pg/ml
Swadish BioFINDER-2 | WITH ALZHEIMER. 11 pg/ml
Court, and Colombian higher concemtration i patients with Alzheimer's.
Court, autozomal
dorumant AT) parents
Aze: 34 - 84 vears old:
Stocker et al , beta Total: 770 mdividuals AR musfoldmg was associated with a 23-fold inereaze mn the odds of a
2020.[23] amyloid | Groups: AD, VD, MD, | climical dizgnosiz of AD at 14 years, APOE4-positive partieipants had a
. Contrel. 2 4-fold incrazsed chanee of a clinieal diagnosiz of AD at 14 vezrs.
Age: 5273 years old Specific AUC and 93% confidence intervale (Cls) for predictors of AD
Follow-up: 14 years; ware [AUC (953% CI)):
AR 0-8 wears, 0.32 (0.73-0.81), 8-14 years, 0.80 (0.73-0.88), 0~14 years,
081075 =087y,
APOF4 - (-8 years, 0.59 (0.48-0.68), 8-14 vears_ 0.62 (0.33-0.71), 0-14
yearzs, 0.61 (0.34 =0.67);
AR+ APOE4: 0-8 vears, 083 (0.77-0.94), 8-14 vearz_ (.84 (0.77-0.92),
0-14 years, 0.85 (0 .75-0.90).
High valnes within the comparizon range.
Dominguez =t al., beta Total: 147 mdividuals MDE-0A B can differentiate between ADY versus non-AD dementizs. The
2002 [24] amyloid | Groups: Alzheimer's lavel of OA B can provide vahabls information regarding the stags or
. dizezze (AD), Non- progression of AD.
Alzhaimer's dizsaze Conzistently, mean levels of clizomearizad amylowd-f (OA B) ware highest
(Mon-AD), Alzheimer's | among pationts diagnoszed with AD, followed by mixed AD-VaD, and
dizease of mixed lowest in the WCL'SCI group

etiology with vascular
cognitive impairment,
subeortical ischerme
vascnlzr dementia or
carebrovascular diseass
{mixed AD-VaD) and
without cognitrve

impai (MCLECT)

ATt
Age: 38 - 04 years old
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AB: Amyloid beta, MDS: Multimeter detection system, NC: Cognitively normal control subjects, PHF1 CO-1P: widely used antibody that recognizes pTau
species that are abundant in NFTs and dystrophic neurites in Alzheimer's disease, NFTs: tangle neurofibrillary CSF: cerebrospinal fluid, MDS-OA f:

Oligomeric-B amyloid-multimer detection system.

Table 1: Selected scientific articles on proteins related to Alzheimer'

4. Discussion

Among the factors involved in the development of Alzheimer's disease (AD),
we can mention the deposit of beta amyloid protein (BA) and Tau in specific
regions of the brain, forming plaques and tangles that prevent the
neurological synapses that are so necessary for the normal functioning of the
brain. According to studies, it appears that the beta amyloid protein is the
main factor for AD to develop, but not the one, since this protein accumulates
on the surface of neuropils (where glial cells, compacted dendrites and axon
branches are found), expanding into the extracellular medium. The behavior
of the Tau protein is similar, involving the cell body and the dendrites of
neurons forming tangles, preventing them from connecting with the
microtubules of the axon, thus causing permanent damage to the brain and
even modification at the cellular level [26].

According to studies, beta amyloid and tau proteins were initially identified
by Blasko et al. [20], who were the first to associate high levels of these
proteins with the development of AD, mainly the B-42 protein. Similarly,
Youn et al. [16] found that the oligomerization of BA proteins in the blood
can cause a pattern in AD, with the concentrations of these proteins in the
blood related to changes in brain volume.

Another study that also showed a direct relationship between BA proteins
and AD was Stocker et al. [23], who observed that an incorrect folding of BA
proteins was directly associated with a 23-fold increase in the chances of
clinical diagnosis of AD, as well as increased levels of APOE4, in patients
with lipid alterations, who showed a 2.4 times greater probability of clinical
diagnosis of AD in 14 years. Apolipoprotein E (APOE) is the main producer
of high-density lipoproteins (HDL) [27], and in addition to its relationship
with lipid metabolism and associated pathologies, APOE is one of the main
genetic risk factors for late-onset AD [28,29], as it is associated with the
formation of amyloid plaques and neurofibrillary tangles, components of
brain amyloid plaques. In the case of APOE4, considered a variant of
Apolipoprotein E, it triggers in vivo and in vitro fibrillogenesis of the Beta-
amyloid peptide, accelerating the development of AD. In contrast to this
assertion, the study [30] examined the effects of APOE4 on human brain cell
types, showing that APOE4 neurons exhibited an increased number of
synapses and increased secretion of BA 42. In addition, when analyzing these
brain cells by immunostaining, the authors demonstrated an increase in the
number of BA protein aggregates and also in elevated levels of p-tau protein
in organoids (a type of 3D cell culture) in cases of elevated APOE4 during
six months, compared to their APOE3 equivalents, another variant, that was
being analyzed in comparison in the study [30].

In the study by Drummond et al. [17] tau protein was the most abundant
protein detected in samples of PHF1 co-IP, a widely used antibody that
recognizes species of pTau protein, which are abundant in NFTs and
dystrophic neurites in Alzheimer's disease. AD is part of the group of
taupathies that also includes Corticobasal Degeneration (CBD), progressive
supranuclear palsy (PSP) and the different subtypes of frontotemporal
dementia (DFT), including Pick's disease, and in all of them there is a large
amount of accumulated tau protein. Therefore, the intracellular accumulation
of hyperphosphorylated Tau protein in neurons or glial cells is an important
biological marker for the detection of tauopathies that include AD [31].

In view of this, numerous works show and confirm the direct relationship
between the increase in amyloid beta and tau proteins with Alzheimer's,
however, there are also other factors that can and are involved with them,
which may potentiate the action of these proteins, and thus favor the AD
development.
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One of these factors is the glycemic decompensation caused in Type 2
Diabetes Mellitus due to insulin resistance, which favors the accumulation
of beta amyloid proteins and Tau phosphorylation, which are characteristics
of AD [4].

According to studies [32], insulin is responsible for driving the BA protein
into the neurons, favoring its accumulation inside the neuronal cell, and
consequently the development of AD. According to this study, this decrease
in insulin signaling that occurs in DM2, which is associated with a genetic
predisposition, leads to a lower activity of Phosphoinositide 3-kinase (PI13K),
causing the synthesis of the insulin-degrading enzyme (EDI) is not promoted,
and consequently the degradation of the BA protein does not occur, thus
triggering an accumulation of amyloid, and favoring the development of AD
[33].

According to studies, in acute cases of hyperinsulinemia, there is an increase
in insulin signaling in the brain, thus increasing the deposition of BA
proteins, however in chronic cases, there is a downregulation of the insulin
transporter to the brain, triggering a decrease in the insulin CSF/insulin blood
ratio [33], insulin is a hormone that acts in the brain and also in our peripheral
tissues, transport to the brain is through a process regulated by receptors,
carried out through the blood-brain barrier (BHE). However, it was shown
that, because the cerebrospinal fluid (CSF) has an insulin level that is not
proportional to the level found in the blood plasma, this means of transport
can be saturated [33], so it is also explained by saturation of the insulin
transporter across the Blood-Brain Barrier (BBB), so that low levels of
insulin in the central nervous system (CNS) lead to neurodegeneration,
cognitive deficits and decreased IDE levels, with a consequent decrease in
the degradation of BA proteins [33].

In addition, studies have also shown that in DM2, hyperglycemia induces the
activation of cells of the immune system, with the production of pro-
inflammatory cytokines that stimulate the amyloidogenic pathways of APP,
amyloid precursor protein, the BA peptide is produced from the cleavage
abnormality of this precursor protein [36], thus increasing the formation and
deposition of beta amyloid protein. As a result, there is accumulation of A
proteins and mitochondrial dysfunction, which may contribute to the
activation of phospholipase A2 (PLA2), an enzyme involved in the
inflammatory process, leading to anomalies of the white matter,
characteristic of AD [33].

It is known that defective insulin production by pancreatic f cells, or
decreased insulin sensitivity, affects the functioning of essential organs for
metabolism, such as muscle and liver, which are the most affected by T2DM.
This is because, within normal limits, insulin participates in the regulation of
synaptic and neuronal function within the cerebellum, hippocampus and
cortex, so that its action also leads to the protection of neurons from cell
death [37].

In DMZ2, in addition to alterations in glucose metabolism, there are also high
levels of LDL and low levels of HDL, which are associated with greater
production and deposition of beta amyloid [33]. The central nervous system
is the organ that presents the most lipids, and about 25% of the total
cholesterol in the human body is found in the central nervous system,
especially in the myelin sheath, in the membranes of astrocytes and neurons.
Elevated cholesterol has been described as responsible for increased amyloid
plaque formation in different in vivo models, while lowering cholesterol has
also been shown to affect beta amyloid production. HDL prevents the
aggregation and polymerization of beta amyloid protein, in addition to
influencing the risk of dementia through its anti-inflammatory and
antioxidant effect. Furthermore, in a brain imaging study, HDL decrease was
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associated with smaller hippocampal volume, even in non-demented
individuals and regardless of APOE and coexisting cerebrovascular disease
[38].

Regarding the Tau protein, in healthy individuals it appears little
phosphorylated, because the low level of phosphorylation ends up attributing
greater stability to neuronal microtubules, facilitating the transport of
substances and chemical signaling between nerve cells. However, under
pathological conditions, there is tau hyperphosphorylation, characteristic of
AD [33]. Similarly, studies also show the association of DM2 with the
phosphorylation of the tau protein, since the deficiency in insulin signaling
leads to an increase in the phosphorylation of this protein, stimulating
neurodegeneration [33].

This occurs, since in insulin resistance, due to the decrease in insulin
signaling, there is a decrease in protein kinase B (p-AKT) signaling, resulting
in non-phosphorylation of glycogen synthase kinase 3 (GSK3).
Consequently, with the non-phosphorylation of GSK3, it remains active,
promoting the phosphorylation of the tau protein, thus favoring its
aggregation in nerve cells [33].

Another factor also associated with tau protein phosphorylation is the action
of protein phosphatase 2 (PP2A). This is because a decrease in PP2A,
associated with insulin resistance, triggers an increase in GSK3p, leading to
an increase in tau protein hyperphosphorylation [33]. As well as the
inhibition of the p62 protein, responsible for leading to the
polyubiquitination of the tau protein, and the degradation in the proteasome
and autophagosome. This is because, with the lack of p62 protein, the
degradation of phosphorylated tau proteins is blocked, thus increasing tau
protein hyperphosphorylation, also characteristic of AD [33].

Faced with this increase in phosphorylation of tau proteins, as a result of
DMZ2, there is an increase in reactive species of Advanced Glycation End
Products (AGE's) [33], known as advanced glycation, whose final result is
heterogeneous molecules resulting from non-enzymatic products of glucose
or other derivatives of saccharides with proteins or lipids [39], which occurs
rapidly in the hyperglycemic state of diabetes, also increased oxidative
stress, mitochondrial dysfunction and increased levels of intracellular Ca?*;
and pro-inflammatory cytokines such as IL-1p, IL-6 [33].

Thus, it is possible to affirm that there is a strong connection between DM2
and AD, since DM2 causes neurodegeneration, inducing changes in vascular
function and structure, in glucose metabolism, in insulin cell signaling, as
well as changes in metabolism beta-amyloid protein and/or
hyperphosphorylation of tau protein, promoting the development and
worsening of AD [33].

However, further studies are needed, since the pathophysiological
mechanisms related to the cause and the exact mechanism that triggers
changes in Alzheimer's disease are still not well understood, although most
studies suggest that the deposit of beta-amyloid peptide caused by an
abnormal processing of the beta-amyloid precursor protein (hypothesis of
amyloid cascade) may initiate and/or contribute to the pathogenesis of
Alzheimer's, as well as, influence the systemic glucose metabolism, inducing
behavioral changes, memory disorders, hypothalamic dysfunction, fragility,
among others.

5. Conclusion

Taking into account the results presented, we can see that there is a link
between DM2 and AD, due to selective deficiencies in insulin signaling,
together with the positive regulation and accumulation of beta amyloid
protein and hyperphosphorylation of Tau protein, it can be concluded that
conclude that it cannot be said that DM2 has significant conditions to cause
AD, but that it is a cofactor for the development of Alzheimer's disease and
the evolution of more severe conditions.
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Given the importance of the subject, in relation to two diseases that are so
present in society today and their consequences, we emphasize why our work
has a significant contribution, but we also ask that it is necessary to study
with more collection the common mechanism between DM2 and AD and
from this, it is possible to think about possible drugs that can be positive from
DM2 to AD.
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