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Introduction

Alzheimer’s disease (AD)

It is one of the most prevalent neurodegenerative disorder 
in the world, first described by a German Scientist, Alois 
Alzheimer, in 1906. The main symptom of the disease is 
dementia, a steady loss of memory; and as the disease 
progress ability to speak, to think and to do daily activities 
decline [1].

The early-onset of AD generally starts before 55 years of 
age, and late-onset of AD, generally starts after 60 years 
of age [2].

Prevalence

Approximately 5.5 million people in the United States 
and 47 million people worldwide are currently affected by 
AD [2,3].  It is expected that by 2050, nearly a million new 
cases per year may develop [4].

Symptoms: What are the symptoms of AD

Memory loss is usually the first sign of AD which is 
different than normal memory problems. Unlike in other 
cases where one can forget something for the time being 
but can recollect later, AD person’s loss of memory is 
irreversible. 

Followings are the symptoms associated with mild, 
moderate, and severe AD. Symptoms vary as the disease 
progresses (Figure 1).

Mild AD: Usually, a person with mild AD avoids new 
and unfamiliar situations; has trouble learning and 
remembering new information, speaks more slowly than 
in the past; makes wrong decisions; may have mood swings 
and become depressed, grouchy, or restlessness [5].

Moderate AD: A person in this case typically has 
problems recognizing close friends and family members; 
becomes more restless, especially in late afternoon and at 
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night; has problems in reading, writing, and dealing with 
numbers; has trouble in taking decisions, communication; 
and has problem to find the known places [5].

Severe AD: With severe AD, a person usually cannot 
do any personal daily work without help. They have 
trouble with body balance, may fall often during walking. 
They lose bowel or bladder control [5].

Other conditions: Other conditions may include 
hyperthyroidism or hypothyroidism; depression; and 
may have kidney disease, liver disease; sometimes found 
association with HIV (human immunodeficiency virus) 
infections [6,7].

Causes of AD

Sporadic: AD pathology consists of amyloid-β (Aβ) 
deposition in the brain, the hyperphosphorylation of tau 
proteins, and neuroinflammation through glial activation 
[8].  Aβ peptides are often referred to by the length of their 
amino acid sequences and can be found in cerebral and 
peripheral tissues. Although there are many conformations 
of Aβ, which commonly consists of 36–43 amino acids, 
Aβ42 is known to aggregate the most readily and aid in the 
formation of neuritic plaques [9].   Studying the aggregated 
forms of hyperphosphorylated tau, also referred to as 
neurofibrillary tangles, can determine the extent of brain 
and nerve damage exhibited by the AD patients.

In healthy neurons, tau protein normally binds to and 
stabilizes microtubules which help nutrients and molecules 
to be transported from the cell body to the axon and 

dendrites [10,11], but in all the cases of AD, beta amyloid 
(Aβ) protein plaques and the tau protein tangles disrupts 
those normal neuronal functions and communication with 
the other neural cells; and ultimately develops the disease 
[2,12-14] (Figure 2). However, AD therapeutics based on 
the amyloid hypothesis have repeatedly failed in clinical 
trials [15,16]. 

Involvement of Gene(s): Normally, a gene TREM2 
is involved in microglia cells and astrocytes to clear beta-
amyloid protein plaques from the brain and helps to 
reduce the inflammation in the brain [17].  Inactivity of this 
gene/gene-product causes the plaque formation between 
neurons. Emerging evidence suggests that Alzheimer’s-
related memory loss results from a complex interplay 
among abnormal accumulation of tau and β-amyloid 
proteins and several other factors [18]. 

Besides, identification of e4 allele of apolipoprotein E 
(ApoE) have been found in some AD families conferring 
the strongest genetic risk identified for AD development  
[3].  One in five people carries this allele, and carriers are 
three times more likely than non-carriers to develop AD in 
future [3].  ApoE plays a role in the processing and clearing 
the amyloid precursor protein (APP), and it is thought that 
carriers of the e4 allele are unable to effectively clear APP, 
leading to increased production and deposition of beta-
amyloid. 

However, only 10-15% of cases are genetic, and the vast 
majority of cases are sporadic and attributed to many 
risk factors. During the normal aging process, production 
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Figure 1: The stages of AD. The normal brain and development of AD were shown with the course of disease stage 
with appearance of symptoms.
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of plaques and tangles occurs. Once formed, plaques 
and tangles cause more inflammation, more formation 
of additional plaques and tangles ultimately leading to 
cognitive loss [3,12].

In some meta-analysis it has been found that approximately 
one-third of AD cases worldwide may be related to some 
risk factors, like diabetes mellitus, hypertension, obesity, 
physical inactivity, depression, smoking [19].  It may be 
possible to prevent or delay the onset of AD by controlling 
these risk factors.

Diagnosis of AD 

AD is diagnosed generally after other conditions are ruled 
out [20].

Initial tests: Past health, physical exam to find out any 
physical problem, and mental health assessment are the 
routine initial checkup.

Lab tests: General lab tests for certain minerals or 
chemicals level in the blood; liver disease; abnormal 
thyroid levels; or nutritional problems, such as folic acid 
or vitamin B12 deficiencies. 

Imaging and other tests:

• Brain imaging tests; an MRI (Magnetic Resonance 
Imaging) of the head; positron emission tomography 
(PET); and single photon emission tomography (SPECT); 
an electroencephalogram (EEG).

• A lumbar puncture to test for certain proteins in 
the spinal fluid.

Treatment options of AD

There is no cure yet for AD.  More than 250 clinical trials 
have been conducted on a variety of treatments, including 
several that are capable of removing Aβ plaques from the 
brain. All have failed to reverse the progression of the 
disease [21].

Inhibition of enzymatic breakdown of 
acetylcholine: Acetylcholine, an important 
neurotransmitter is responsible for memory and cognitive 
function. Prevention of its enzymatic breakdown by 
acetylcholinesterase (AChE) inhibitors, such as donepezil, 
rivastigmine, and galantamine are approved to treat 
dementia in patients with AD [22]. However, these drugs 
may cause bradycardia and orthostatic hypotension, and 
also diarrhea, vomiting, nausea, fatigue, insomnia, loss of 
appetite, and weight loss [23].

All the chemo inhibitors of different enzymes related to 
AD development may slow down the disease progression 
but they do not significantly improve cognitive function or 
cure the disease, and therefore the clinical significance of 
their effectiveness is questionable [24].

Current research and possible new agents. In 
2018, the AD drug-development pipeline includes 112 
agents in phase I, II, or III trials; 63% of them are disease-
modifying therapies aimed at changing the course of AD 
and improving outcomes rather than managing symptoms 
[25].  About one-quarter of the drugs in development are 
for testing their ability to enhance cognition; and 10% of 
the drugs are intended to decrease behavioral symptoms 
such as agitation, apathy, and sleep disturbances [25,26].
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Figure 2: Pathophysiological sequence leading to cognitive impairment in AD. Plaque formation by amyloid beta 
(Aβ) protein and tangles formation by ‘tau’ protein leads to “downstream” synaptic dysfunction, neurodegeneration, 
and eventual neuronal loss. Age and genetics, as well as other specific host factors, such as brain diseases may influence 
towards the clinical manifestations of AD.
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Secretase inhibitors: Inhibition of the secretase 
enzymes involved in generating beta-amyloid protein 
from APP, have demonstrated the ability to reduce the 
formation of beta-amyloid plaques, but they have not been 
shown to reverse existing plaques or improve cognition 
[27,28].

Inhibition of tau protein: Protein tau is associated 
with neurofibrillary tangle formation [23].  Initial studies 
for reduction of tau aggregation, were not successful, 
however, new strategies are being tested on seven tau 
immunotherapies in phase I and II trials [25].

NMDA (N-methyl-D-aspartate) receptor 
antagonists:  NMDA receptor allows glutamate to 
connect to a cell and allows calcium influx into the cell, 
for carrying the electrical or chemical signal. This is 
important for learning and memory.  However, in AD, the 
nerve cells get too much glutamate, and that can damage 
to them. NMDA receptor antagonists make it harder for 
glutamate to “dock”, but they still let important signals 
to flow between the cells. NMDA receptor antagonist 
Memantine (Namenda XR), has been approved in the U.S. 
and Europe as a treatment for AD  [29]. 

Inhibition of serotonin uptake: Given the failure 
to develop disease-modifying therapies for AD, strategies 
aiming at preventing or delaying the onset of the disease 
are being prioritized. Data from animal studies have 
shown a beneficial impact of selective serotonin reuptake 
inhibitors on pathophysiological biomarkers of AD 
including amyloid burden, tau deposits and neurogenesis. 
In humans, studies focusing on subjects with a prior 
history of depression also showed a delay in the onset of 
AD in those treated with most selective serotonin reuptake 
inhibitors. However, being noticed the methodological 
heterogeneity between studies, it is thus needed to conduct 
a large scale randomized controlled trials with long follow 
up periods to clarify the dose-effect relationship of specific 
serotonergic antidepressants on AD prevention [30].

Antioxidants: Free radicals tend to build up in nerve 
cells as we get older, and  that oxidative stress  can cause 
AD [31].  There are a lot of different antioxidants, like beta-
carotene, vitamins C and E, and resveratrol, which are 
used for Alzheimer’s treatment [32,33]. The antioxidant 
connection is a hot area in Alzheimer’s research, but 
everyone agrees that more still needs to be done.

Supplements: Some people have tried alternative 
remedies, including coenzyme Q10, coral calcium, 
huperzine A, and omega-3 fatty acids to prevent or treat  
AD. There’s not yet enough research to show if they do or 
do not work [34].

Further, a mechanism-based treatment for AD were also 
discussed elsewhere [35].

Possibilities of gene therapy: Compelling evidence 
from animal studies suggests that neurotrophic factors 
can potentially halt the progression of neuro-degeneration 
in diseases such as AD, resulting in improved motor and 
cognitive performance [36-38].

Delivery of neurotrophic factors to the CNS is a challenge 
since most proteins do not cross the blood–brain barrier, 
and systemic injection of certain growth factors results in 
strong peripheral side effects. Viral vector-mediated gene 
transfer allows for long-term and local expression of a 
foreign gene after a single injection [38-40].

NGF Gene Delivery: A first Phase I clinical trial with 
NGF gene therapy in AD has been completed in 2005. 
Fibroblasts of the patients were genetically modified to 
express NGF and were grafted into the nucleus [41-44]. 
PET studies suggest that the cholinergic projections to the 
cortex are re-activated by NGF [45].

Secondly, a decrease in disease progression was presented 
based on cognition assessment with the use of the Mini-
Mental State Examination scores [45].  No negative effects 
of NGF administration (weight loss or pain) were noted 
in the AD patients, even up to 2 years post implantation.  
However, it was also reported earlier that NGF can induce 
β-amyloid precursor protein, and therefore may accelerate 
the pathology of AD instead [46].

Prevention of AD

Most of the AD (99% of all cases) really can be prevented 
by implementing specific lifestyle, changes and taking 
certain dietary supplements, which are most effective 
when combined together into a daily action plan [47].

Older adults who stay mentally active may be at lower 
risk for AD. Reading, playing cards and other games, 
working crossword puzzles, and even watching television 
or listening to the radio may help them to avoid symptoms 
of the disease [48].

Miscellaneous efforts to manage the AD 

In addition to conventional treatment of AD, there are 
different types of therapies and counseling, that may help 
Alzheimer’s patient to help the management of symptoms 
in their daily life.

Occupational therapy: An occupational therapist 
can evaluate one’s strengths, weaknesses, and ability to 
understand where the AD patient needs help, and also a 
therapist can help the AD patient to improve some of his 
physical skills [49].

Physical therapy: Physical therapists can help AD 
patient to improve his balance and lower his chances of 
falling. The exercise can also be good for his mood [50].
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Art and music therapies: Some science shows that 
these treatments, which stimulate the senses, can improve 
mood, behavior, and day-to-day function for people with 
Alzheimer’s. Art and music may help trigger memories 
and help people reconnect with the world around them. 
Painting, drawing, and other forms of art therapy can 
help people with Alzheimer’s disease express themselves. 
Expression through art can become especially important 
as a person’s ability to communicate through words 
deteriorates  [51].

Massage:  This hands-on therapy may help in two ways. 
It can ease agitation and may improve sleep [52].

Pet therapy: People who used to enjoy being with pets 
may find contact with them enriching or soothing  [53].

Dealing with previous hobbies. Pursuing hobbies 
or interests that used to be familiar can help a person 
with Alzheimer’s feel more stable about their lives, like 
gardening, cooking, or any other activity that the person 
used to enjoy [54].

New possibilities with cell therapy

Regenerative cell therapy could be a promising approach 
for replacement of the loss of neurons and synapses in 
AD due to the accumulation of both amyloid plaques and 
neurofibrillary tau tangles  (Figure 3) [55].

Stem cell Strategy: Stem cells have high migratory 
capacity after transplantation into the brain, and can 
be genetically modified in vitro. Therefore, they can be 
an efficient candidate to delivery neurotrophic factors 
or enhance gene expression to modify the course of the 
disease [56].  However, it has not yet been determined 
whether the curative effect depends directly on the 

promotion of neuronal regeneration by NSCs, or whether 
accompanying events, such as enhanced glial regeneration 
and other types of trophic support, are more important. 

In the Aβ-induced AD model, the transplantation of ESCs-
derived NPCs into the injured hippocampus demonstrate 
the formation of synapses between host and grafted 
neural cells, and also improve the memory dysfunction 
of the AD models [57,58]. Neurons derived from human 
induced pluripotent stem cells (iPSCs) are endowed with 
a remarkable potential to establish orthotopic long-range 
projections in the adult mammalian brain [59].  Meanwhile, 
in another mouse AD model, the transplantation of NSCs 
was reported to improve cognition function mediated by 
the neurotrophic factor BDNF [60].

However, care should be taken with the characterization 
of these cells in regard to their multipotentiality and 
genetic stability with increasing passages in culture, as 
transformed cells may contribute to the formation of 
tumors [61], and also face some ethical issues [62].

Selection of right Cells, and its modifications: 
Human Neural stem cells (hNSCs) which are efficient in 
production and release of Dopamine, and neurofactors 
BDNF and GDNF, can be considered for PD cell therapy 
[63]. The most important physiological aspect of functional 
hNSCs is their capability to synthesize DA and also to 
catabolize any excess DA which is neurotoxic, and thereby 
maintain their physiologic label [64] However, hNSCs 
are slow growing cells and senesce after a few passages 
rendering a low level of supply for treatment. Attempts 
are taken in our lab to develop a natural cell modification 
method to increase the growth potential and survival 
length of hNSCs by a cell-cell interaction using melanocyte 
as a partner cell (personal communication).
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Figure 3: Cell and Gene therapies for AD. Cell replacement and Gene-therapy either separately or in combination for 
neurodegenerative disease, like AD. CP: Caudate Putamen; NBM: Nucleus Basalis of Meynert; SN: Substantia Nigra; 
NPC: Neural Progenitor Cells; NSC: Neural Stem Cells; ESC: Embryonic Stem cells.
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Conclusions

It has been a century since the first description of AD 
was made, however, no proven effective treatment is 
available to date which can either delay the onset or slow 
the progression of AD. A combination of psychosocial, 
behavioral, and pharmacologic strategies aim to slow the 
process of AD and preserving quality of life as long as it is 
possible. 

Although stem cell-based replacement strategies carried 
out in animal models have shown promising results, there 
are still many hurdles to overcome before these approaches 
can be translated into the AD patients. One major 
challenge is the development of a safe method to deliver 
stem cells to the injury region. In addition, the stage of 
differentiation of those cells needs careful consideration: 
fully differentiated cells are associated with a smaller 
efficiency due to poor viability, while undifferentiated cells 
present a higher risk of undirected differentiation and 
uncontrolled proliferation.

The development of novel cells, and gene-based therapies, 
or perhaps a combination of the two, could be beneficial in 
genuine repair and rescue of degenerating Dopaminergic 
(DAergic) and cholinergic neurons in the future (Figure 3).
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