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Abstract: While both Diabetes Mellitus (DM) and Alzheimer's disease (AD) have been regarded as
separate, independent disorders with their own mechanism of pathology and treatment, it is only
recently that certain biochemical and pathophysiological links have been found between the two
diseases. Both of these are leading causes of morbidity and mortality among the aged patients. Currently
available in vitro and in vivo studies point toward a strong association between the presence of type 2
diabetes mellitus (T2DM) and the presence of beta amyloid (AB) plaques. It has also been reported that
insulin signaling and its impairment positively correlates between the two diseases and that neuronal
activity gets affected because of this impairment. Cholinesterases and 'tau’ phosphorylation were found
to be a common link between the two diseases and may be the underlined etiology. The role of
apolipoproteins in diabetes and dementia, along with the role of inflammatory mediators has also been
determined. Certain classes of anti-diabetic drugs like peroxisome proliferator-activated receptor gamma
(PPARy) agonists are now being tried-and-tested in clinical trials for their effects in cognitive
impairment, among other treatment options. This paper reviews some of the advances made in linking
these two diseases with an insight into the caveats involved and the prospects of future studies.

Keywords: Diabetes Mellitus (DM), Alzheimer's disease (AD), beta amyloid (AB) plaques, insulin,
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agonists

Introduction:

1.1. Type 2 Diabetes Mellitus:
Type 2 diabetes mellitus (T2DM) is a

condition in which a high blood glucose level

‘insulin resistance’ (inadequate response to

insulin by target cells).""

] ] Neuropathy is among the most frequent

results from increased hepatic glucose S . . o
) S o ' complication of diabetes mellitus, with diabetic

production, impaired insulin production by )

neuropathy being the most common form of

ancreatic 3-cells, impaired insulin release or .
P B 1P neuropathy in the western world.
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Central nervous systemcomplications can
include stroke and possibly cognitive

impairment. Bl

Persistent blood glucose
elevation contributes to atherosclerosis that
impairs blood flowto the brain. Such damage

might be associated with vascular dementia.”

1.2. Alzheimer’s Disease:

Alzheimer disease (AD) is a progressive
neurodegenerative disorder characterized by
numerous neuritic plaques and neurofibrillary
tangles. Several studies have attempted to link
serum insulin levels with the pathogenesis of
Alzheimer disease. Early studies reported
decreased serum glucose levels, and higher
insulin levels, after oral glucose tolerance tests
in Alzheimer patients compared to aged-

matched non-Alzheimer patients. (5]

2. Possible links:

2.1. Insulin processing and insulin

receptors:

Disturbances in insulin signaling appear to be
the main common impairment that affects cell
growth and differentiation, energy metabolism,
and glucose utilization. Insulin not only
regulates blood sugar levels but also acts as a
growth factor on all cells including neurons in
the CNS. Impairment of insulin signaling
therefore not only affects blood glucose levels
but also causes numerous degenerative

6
processes.[ J

Insulin regulates cholesterol biosynthesis.
Cholesterol levels also play a crucial role in AD

and high levels are considered a risk factor.

Hypercholesterolemia is also a known risk
factor of T2DM. "High levels of cholesterol
affect B-amyloid (AB) synthesis and AP

deposition. !

Neurons rely on glucose for energy, but only a
small percentage of the glucose supply to
neurons is delivered via insulin-dependent
transport mechanisms. The rest of the glucose is
obtained  through  non-insulin-dependent
mechanisms. Further, insulin receptors are
found in high density in some regions of brain,
but in only low density in other regions of the
brain. This uneven distribution is somewhat
correlated with neuronal activity and, hence,

demands  (glucose

(]

with  the  energy

requirement) of neurons.

2.2. Role of Acetylcholine:

Recent research suggests a possible link
between blood sugar, insulin resistance and

inadequate production of acetylcholine (ACh).
(1]

Quantitative studies that used Nissl-stained
tissue to mark cholinergic neurons have
revealed up to a 90% reduction in basocortical

cholinergic neurons in AD. (8]

Synthesis of ACh involves the enzyme
acetylcholine transferase (ChAT).!

Interestingly, insulin signaling- related proteins
coexist with ChAT in terminal buttons located
in hippocampal pyramidal cells and this finding
raises the possibility that the insulin and the

cholinergic systems of the hippocampus
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interact in the mediation of cognitive

function.”

ChAT expression increases with insulin
stimulation. Therefore, low insulin levels and
insulin resistance can contribute to a decrease in
ACh levels, which represents a possible
biochemical link between diabetes mellitus and
AD. (1]

2.3. Role of Apolipoprotein E and
dyslipidemia:

Dyslipidemia is a major cardiovascular risk
factor in T2DM. Risk relates to raised
triglycerides (TG) and decreased high density
lipoproteins (HDL) as well as raised low
density lipoproteins (LDL). "

Several = genes  regulating  cholesterol
homeostasis have been reported to be
associated with AD, including ApoE. ApoE
plays an important role in lipid transport
throughout the body. ""In the brain, it is
primarily synthesized and secreted within HDL
particles by astrocytes, and mediates the
efficient transport and recycling of cholesterol

within the CNS. [11,12,13, 14]

Three different ApoEalleles (2, €3, and £4) give
six phenotypes. '“Studies have shown €2 as
positive and &4 as negative factor for the

progression of diabetic nephropathy.!®'*'®!

Individuals with both diabetes and an ApoE &4

allele are more likely to develop dementia than

either those with diabetes alone or non-diabetic

individuals who carry the ApoE &4 allele."”

The mechanism by which ApoE €4 modifies the
risk remains unknown, but has been postulated

to play a role in AP clearance and deposition.""!

While isomeric differences in the CNS have yet
to be entirely elucidated, ApoE e4exerts less
protection against oxidative stress and

contributes to cholinergic dysfunction in AD.""
18]

The lipidation of ApoE is carried out primarily
by the ATP-binding cassette Al (ABCAL).
ABCAL is a lipid transporter that mediates the
loading of ApoE with phospholipids and
cholesterol. ApoE acts as a structural scaffold
for the formation of HDL particles. ABCA1 acts
to regulate ApoE function in the CNS."" > 1)

Poor lipidation of ApoE, which can result from
transporter ABCA1 deficiency, confers a
heavier amyloid burden, while overexpression
of ABCALI results in significant reduction of Af

plaque formation.! "’

Genetic studies have shown that ABCA1 might
be a candidate gene of T2DM. Several genetic
variants were associated with diabetes and
prediabetic intermediate traits. **’

One possibility for the modification of the
association between diabetes and cognition by
the presence of one or more ApoE ¢4 alleles
relates to increased AP deposition in individuals
with diabetes. Insulin-degrading enzyme (IDE)

degrades Ap. Thus, the increased insulin levels
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associated with diabetes may result in less IDE

available for the regulation of AB. 172"

It has been suggested that increased AP
deposition may result both from the decreased
expression of IDE in individuals with an ApoE
¢4 allele and the decreased IDE levels caused by
increased use of IDE for insulin regulation in
individuals with diabetes, thus leading to higher
levels of Alzheimer’s disease pathology in
participants with both diabetes and increased

expression of ApoE, ['7?

However, diabetes has been associated with
other brain changes, including white matter
lesions '” *land the ApoE &4 allele has been
associated with increased deposition of both Af
plaques and neurofibrillary tangles. "7 ** >
Therefore, the decreased levels of cognitive
function observed for the diabetic ApoE &4
carriers may be due to increased levels of
vascular pathology in diabetic individuals and

(17]

AP plaque deposition in ApoE &4 carriers.

2.4. Role of “Tau”:

The AP interacts with signaling pathways that
regulate the phosphorylation of the tau protein,
leading to hyperphoshorylation of tau and
aggregation of neurofibrillary tangles in

neurons. [1,26]

Tau phosphorylation in both AD and T2DM
involves activation of glycogen synthase kinase-
3 (GSK-3), which phosphorylates glycogen
synthase in the rate-limiting step of glycogen

1,27, 28,29

biosynthesis. | JGSK-3 is a crucial step in

formation of neurofibrillary tangles, and

therefore, GSK-3 inhibition could be a common
target treatment of both AD andT2DM. (1,30,31]

2.5. Inflammation:

Insulin resistance, a key aspect of T2DM, is
associated with inflammation, specifically with
elevated levels of the inflammatory mediators’
interleukin-6 (IL-6) and C-reactive protein.
Likewise, inflammatory products accumulate at
different rates in Alzheimer’s patients compared
with healthy control subjects, IL-6 is present in
senile plaques of AD patients, and elevated
immunoreactivity to IL-6 is found in lumbar
and ventricular CSF in patients with AD. At
least two studies link C-reactive protein with an
increased risk of AD."

A key hallmark of AD brain is the presence of
chronic neuroinflammation. It was posited that
activation of microglia and the concurrent
production of inflammatory molecules may
deteriorate and accelerate the progression of

AD and therefore the neuronal loss.?>*

2.6. Mitochondria and Oxidative Stress:

There is increased oxidative stress in T2DM,
with reduced antioxidant capacity,'” > which
has been suggested can lead to neuronal injury

with mitochondria as specific targets.**!

Oxidative changes in nucleic acids, lipids and
mitochondrial proteins amplify production of
reactive oxygen species and trigger cells to
generate AP, tau phosphorylation and

formation of neurofibrillary tangles. [1,36]
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2.7. Role of Advanced glycation end-
products (AGE’s):

AGE formation starts with the reaction of the
amino groups of proteins, particularly the side
chains of lysine, arginine and histidine, with

reducing sugars. (37]

In diabetes, accelerated AGE formation is
caused primarily by a higher level of plasma
glucose. However, accumulation of extracellular
AGEs in AD is more likely caused by

accelerated oxidation of glycated proteins.”*”*"

In any event, the commonality of AGE
modifications and free radical damage in T2DM
and AD suggests that common therapeutic

rationales might be considered.™

2.8. Role of Iron:

Iron is a strong pro-oxidant which catalyzes
several cellular reactions that yield reactive
oxygen species. This property, while essential
for its metabolic functions, makes iron

potentially hazardous.™*"

In addition to the induction of oxidative stress,
iron may also impede insulin extraction in the
liver, impair pancreatic insulin secretion, and
interfere with insulin action and glucose uptake
in adipocytes. A reduction in iron overload has
been shown to reverse or improve glycemic
control in T2DM. 1#>#!

An important pathological finding of AD is the

iron accumulation that occurs in the same brain

regions characterized by AP peptide deposition.

[40, 42]

3. Drugs linked to Diabetes and

Alzheimer’s Disease:
3.1. Peroxisome proliferator-activated

receptor-gamma(PPARY) agonists:

PPARyis a key neuromodulator found in
increased amounts in the brain of AD patients.
PPARyplays a role in multiple processes
thought to be involved in the pathogenesis of
both diabetes and AD, including inflammatory
and metabolic processes, cell growth and

differentiation. "’

Synthetic thiazolidinediones (TZDs)including
pioglitazone and rosiglitazone which are
commonly prescribed for the treatment of
T2DM, are selective PPARy ligands."*

Pharmacological treatment with TZDs may
offer some therapeutic relief of AD by lowering
peripheral insulin and enhancing insulin
sensitivity, reducingAPp accumulation and

reactants and exhibit
[43, 44}

inflammatory

neuroprotective effects.

3.1.1. Effect of PPARy on AP metabolism:

As shown in figure 1, formation of amyloid
plaques induces the activation of microglia as
well as astrocytes which respond with the
secretion of proinflammatorymolecules like
NO, cytokines and prostaglandins. **

When neuroblastoma cells (stably transfected
with human amyloid precursor protein, APP)

were stimulated with inflammatory cytokines,
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they activated the APP processing enzyme
BACE], resulting in an increase in Ap secretion.
There is a PPARy response element in the
promoter region of the BACEl gene, and

binding of PPARy to this response element

suppresses BACE1 expression and inhibits Af

production. "

Figure 1: Effects of PPARyon AP metabolism."
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3.1.2. Energy metabolism:

There is ample documentation that glucose
utilization is impaired in brain regions
involved in memory and cognition in AD
patients. PPARY plays critical roles in energy
metabolism due to its direct effects on
mitochondrial function and ultimately ATP
production. "

3.1.3. Rosiglitazone:

Recently, rosiglitazone has been shown to
increase brain IDE levels in an animal model
of AD. **]

More than 500 patients with mild to moderate
AD were treated for 6 months with
rosiglitazone, resulting in a statistically
significant improvement in cognition in those
patients that did not possess an ApoE &4

allele.*

Patients with ApoE €4 did not respond to the
drug and showed no improvement in standard
cognitive tests. As an explanation it was
suggested that rosiglitazone acts on
mitochondria in the brain, increasing their

metabolic efficiency and number."”

3.2. Metformin:

Metformin

(N, Ndimethylimidodicarbonimidicdiamide)
is an orally active biguanide that lowers blood
glucose levels by suppression of hepatic
gluconeogenesis. It also increases insulin
sensitivity and peripheral uptake, increases
fatty acid oxidation, and decreases

gastrointestinal absorption of glucose. '

A recent study reported that metformin

reduced phosphorylation of tau protein

. . . 48, 4
incortical neurons of mice. *&*

Metformin has been shown as a
neuroprotectant against apoptotic cell death
in primary cortical neurons. ** *' It has also
been reported to protect the brain against the
oxidative imbalance promoted by type 2
diabetes. *” **'Increased neuronal viability has
been reported by metformin treatment in an

in vitro model of ischemia. %%

Findings that metformin at doses that
sensitized neuronal insulin resistance also
significantly improved AD-like changes,
further potentiates the hypothesis of AD
being associated with impaired neuronal
insulin actions and justifies the term “type 3
diabetes” given for AD. **

3.3. Role of AGE inhibitors:

Inhibitors such as aminoguanidine are
currently being assessed in clinical trials for
the treatment of diabetic complications. In
contrast, their potential for the treatment of
AD is only just being recognized. The AGE-
inhibitor Tenilsetam has been shown to
improve cognitive abilities and memory
constantly over a time span of three months in
two phase II trials. AGE inhibitors might be
able to stop formation of AGE-Ap deposits or
modify their structure thus interrupting the
AGE-induced signal transduction pathway at
the earliest possible step."*”

3.4. Role of cholinesterase inhibitors:

These drugs slow the breakdown of synaptic
ACh, prolong its ability to stimulate post-
synaptic receptors and amplify the natural

pattern of ACh release in the brain. **
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Galantamine is a tertiary alkaloid compound
and a reversible selective inhibitor of
AChE."

Donepezil is  highly  selective  for
acetylcholinesterase, has few side-effects, and
in the literature, is said to have beneficial
effects on cognition and daily living in AD

patients. [sel

Donepezil only inhibits acetylcholinesterase.
Galantamine inhibits acetylcholinesterase,
modulates presynaptic nicotinic receptors so
that they release more acetylcholine, and
modulates postsynaptic nicotinic receptors so
that the neuron is activated. Despite this, it
does not seem to be more effective than
donepezil. This could be because donepezil
may just be a more powerful drug, despite the

relative simplicity of its action.*"

3.5. Intranasal Insulin:

Peripheral administration of insulin is not
viable owing to the risk of hypoglycemia
and/or exacerbation of peripheral insulin
resistance. In contrast, intranasal
administration of insulin provides rapid
delivery of insulin to the central nervous
system. 571
In rodent models, intranasally administered
insulin binds to receptors in the hippocampus

and the frontal cortex within 60 minutes. ©**!

In human studies,intranasal insulin increases
insulin levels in cerebrospinal fluid (CSF)
within a similar time frame and acutely
enhances memory. A 3-week trial of daily

administration of intranasal insulin improved

delayed story recall and caregiver-rated
functional status in a small sample of adults
with AD. !

4. Conclusion & Further

Prospects:

The results of epidemiological and basic
science investigation have suggested possible
associations between T2DM and AD. There
are clinical trials testing ‘antidiabetic’ drugs in
AD patients.mBased on this, connections
between other disorders can also be

elucidated.
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Table 1 shows the conclusions that can be made from this review:

REFERENCE | MECHANISM SYNOPSIS

Munch et al™*” AGE In diabetes,
accelerated AGE

formation is caused

primarily by a higher
level of plasma

glucose.

Jansonet al'®”’ Amyloid deposition | More islet amyloid in
in islet and brain | AD patients than
cells control subjects. No
greater brain amyloid
in diabetic patients
compared with
control subjects. In
T2DM patients with
brain amyloid, the
extent of amyloid
increased with longer

duration of diabetes

Rivera et al'®"! Low insulin and a | Low insulin levels
decrease in ChAT and low insulin
sensitivity can
contribute to a
decrease in
acetylcholine
synthesis, leading to
AD.

Miklossyet al' > | Amyloid and | Islet amyloid
hyperphosporylated | polypeptide and

tau hyperphosphorylated
tau were found in
islet cells of the
pancreas in T2DM

patients (on

autopsy).

Table 1: Common pathways between DM and AD!
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