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Abstract
In recent years, Alzheimer’s disease has been clearly linked to the degradation
of microtubules and microtubule-associated tau (τ) and β-amyloid (βA) proteins. Through an examination and evaluation of current literature, we assess
the possible effects of the steroid hormones on τ hyperphosphorylation and
the regulation of βA proteins and their influence on Alzheimer’s dementia
and memory loss. We present a mechanism by which Alzheimer’s cases may
be reduced or perhaps even prevented through the use of non-synthetic, steroid hormones prescribed in a cyclic dosing schedule that mimics the rhythmic,
escalating and descending production normally observed in a reproductive female body. Given the ability of estrogen to prevent τ hyperphosphorylation and
increase metabolism of the βA precursor protein, we propose the possibility of
controlling both protein cycles through the exogenous application of estrogen
and progesterone may help those patients with active disease as well as prevent
the onset of Alzheimer’s and other neurodegenerative diseases.
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1. Introduction
Dementia is a chronic and persistent mental disorder that is typically marked by
diminished memory, personality changes, and impaired reasoning [1]. A common form of the disease associated with dementia is Alzheimer’s disease (AD),
which is characterized by neuronal cell loss, amyloid plagues, and vascular damage caused by plaque deposition [2] [3] [4] [5]. While all these factors can describe AD, the underlying cause remains an unknown.
Since the first diagnosis of AD in 1907, there have been a number of theories
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about the cause and propagation of the disease [6] [7] [8] [9]. However, the underlying factor or cause has never been discovered. Alzheimer’s disease is a chronic neurodegenerative disease that affects an ever-increasing number of the elderly population [6]. With current healthcare costs increasing dramatically,
there are a significant number of research groups and organizations examining
mechanisms and causes in an attempt to understand and reduce the number of
cases. In 2012, R. A. Armstrong presented an extensive review of the many theories about Alzheimer’s [6], where the possible causes were broken into eight
main categories: aging, degeneration of anatomical pathways, environmental
factors, genetics, mitochondrial dysfunction, vascular factors, immune system
dysfunction, and infectious agents. The main issue for these theories is that the
clinical data makes it difficult to determine whether they are primary causes or
secondary effects from another more elusive problem [6] [7] [8] [9]. However,
they do provide distinct pathologies that help to pinpoint the potential principal
cause. The large number and wide range of possible candidates demonstrate the
multifaceted range of factors and components that clinically affect Alzheimer’s
patients. Therefore, in this manuscript, we look towards connecting all of these
aspects to one overarching possibility.
Recent evidence has demonstrated that the microtubule-associated protein tau
(τ) and β-amyloid (βA) protein are linked to Alzheimer’s as well as other neurodegenerative diseases [10] [11] [12]. The τ protein stabilizes microtubules and
is present in neurons located in the central nervous system [13] [14]. Alzheimer’s disease is characterized by the breakdown and loss of stability in the microtubules, which has indicated that the τ proteins have malfunctioned in some
way to make them ineffective [11]. The impairment of the τ protein can be attributed to the hyperphosphorylation of the protein [12], which results in the
tangling of various filaments that affect many neuromechanical pathways and
can lead to multiple neurological disease states, including AD.
The most widely studied protein is β-amyloid (βA), due to its connection to the
formation of plaques observed in AD patients. However, the function of βA proteins remains fairly unknown. Although, it is suspected that they work to regulate
neural plasticity and synapse formation [15]. However, the amino acid residues
produced by βA helps to create βA plaques (βAP). The combination of neurofibril
tangles due to τ hyperphosphorylation and βAP are both known to contribute to
Alzheimer’s disease [12]. This occurs when βAP residues produce inflammation
and transient ischemic attacks (TIAs) around affected areas of neural tissue.
Since two-thirds of Americans with Alzheimer’s disease are women, the steroid hormone contributions to protein production of τ through gene expression
controlled by the hormonal fluctuations of the menstrual cycle may be related to
steroid hormones [16] [17]. Therefore, through an evaluation of current literature, we assess the possible effects of the steroid hormones (specifically estrogen
and progesterone) on τ hyperphosphorylation and βA production and their influence on Alzheimer’s, dementia, and memory loss. We present a hypothesis
that Alzheimer’s cases may be significantly reduced or even prevented with the
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use of non-synthetic, bio-identical steroid hormones prescribed in a cyclic dosing schedule that mimics the rhythmic, escalating and descending production
created in a young reproductive female body. Given the ability of estrogen to
prevent τ hyperphosphorylation and regulate βA precursor protein, as well as
the overall effect of all steroid hormones on gene expression and the inflammatory process, the capability of controlling the expression of τ and βA through the
exogenous application of estrogen and progesterone has the potential to help
those patients with active disease symptoms as well as prevent the onset of Alzheimer’s.
The general thesis of this article is to demonstrate that the loss of steroid
hormones at menopause, specifically estrogen and progesterone, may provide a
critical link between hyperphosphorylation of the τ proteins and the onset of
Alzheimer’s disease in women. A similar mechanism may also exist in for men
when the conversation of testosterone to estrogen falls off later in life. However,
the various interactions and biomechanisms remain elusive. To understand this
further, we review the literature on the τ and βA proteins and their breakdown,
examine current treatments that look to only mask the symptoms, and introduce
the idea that steroid hormones may provide a pathway to slowing down and
possibly halting the progression of this disease.

2. Current Treatments
Over the past couple of decades, many treatments have become the standard of
care for AD patients. Medications range in the treatment for cognitive symptoms, behavioral control and insomnia [18] [19] [20] [21]. This is quite dramatic
since there is not current medication or treatment that can reverse or stop AD
from progressing. Therefore, treatments can only hope to slow down the appearance and progression of symptoms for a limited time.
Regarding cognitive symptoms, cholinesterase inhibitors (Aricept, Exelon,
Razadyne) and memantine (Namenda) have been used to treat the memory loss,
confusion, and difficulties with thinking and reasoning of AD [22]. Cholinesterase inhibitors are typically used for mild to moderate case of AD, where they
aim to reduce the breakdown of acetylcholine, which is an important chemical
messenger that affects learning and memory. Therefore, these medications support communication among nerve cells by keeping acetylcholine levels high. The
advantage of this kind of treatment is that it may delay worsening of symptoms
for up to 12 months, which has been shown to affect about 50% the people who
take them. However, the side effects of the medication have been severe, which
include nausea, vomiting, loss of appetite and increased frequency of bowel
movements [22].
To treat moderate to severe stages of AD, memantine may be prescribed. This
medication affects the regulation of glutamate, which is similar to the cholinesterase inhibitors and works to delay symptoms of memory loss [23]. It is noted
that the side effects tend to include a headache, constipation, confusion, and dizziness, at a minimum.
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Along with the cognitive symptoms, patients experience mood changes and
other issues such as anxiety and depression [24]. This leads the patients to need a
variety of antidepressant, anxiolytic, and antipsychotic medications. Overall, patients with AD are typically overwhelmed by so many medications and prescriptions that often interact.
Beyond these pharmaceutical treatments, there are a number of alternative or
complementary treatments that “claim” to have an effect on AD with no clinical
evidence. These treatments include herbal remedies, dietary supplements, and
food regimens. However, the effectiveness and safety of these treatments are also
unknown, and they purveyors provide no known mechanisms of action for effectiveness.

3. The τ Hyperphosphorylation and β-Amyloid Plaques
Tau proteins work to stabilize and maintain tubular polymers called microtubules that are abundant in the nerve cells of central nervous system [10]. τ proteins control microtubule stability through the use of its isoforms and phosphorylation [25]. Tau proteins are produced through a process of alternative splicing
of a single gene called microtubule-associated protein τ [13]. Hyperphosphorylation of τ proteins can lead to the failure of microtubule stability, which can
cause neurofibrillary tangles. When in combination with the formation of β-Amyloid plaques, this breakdown of biomechanisms are widely linked to Alzheimer’s
disease [14].
Microtubules consist of long tubular structures that are assembled by protofilaments, which produced by tubulin α-β-dimers [26]. While these structures are
dynamically stable, changes in the overall environment can affect the microtubules and cause them to breakdown. Since the τ protein controls this process,
understanding how external and internal stressors influence the τ protein is relevant. In general, many stressors that could be affecting the τ protein include
external (pollutants, electromagnetic fields, etc.) and internal (hormones, chemical intake, etc.) environmental factors [27].
Typically, it is thought that the increase in the τ hyperphosphorylation, which
reduces the stability of the microtubules, causes β-amyloid plaques to form. However, recent research has suggested that it is the in βA proteins enhance hyperphosphorylation of the τ protein through glycogen synthase kinase 3 (GSK3)
[28]. Therefore, as illustrated in Figure 1, the combination of the βA protein
build up, and the breaking of the microtubule stability produce the creation of
calcium plaques (βAP). This introduces inflammation around the neuron that
can lead to transient ischemic attacks in the brain, which could cause permanent
damage to memory and cognitive function.
In recent years, AD and degeneration have been connected to the dysfunction
of the mitochondria and the production of oxidative stress [7] [8] [15] [29], which
is speculated to occur through formation of oxidative and nitrosative stresses,
depletion of adenosine triphosphate, and impaired electron transport [7]. However, these subsequent dysfunctions are characteristic of aging effects due to loss
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Figure 1. General schematic of the formation of β-amyloid plaques due to decreased estrogen (E2) and τ protein. The right side illustrates the expected response to increased estrogen dosing.

of hormones and its effect on mitochondria in both women and men, which has
been widely documented in the literature [30]-[36]. This is why we focus on the
effects produced by steroid hormones due to their ability to control and regulate
gene protein products.

4. Effects of Steroid Hormones on Protein Expression
The potential for the onset of AD is associated with the time in life when we experience the loss of sex steroid hormones in both women and men [17] [37] [38]
[39]. In particular, studies on women show the decline of estrogen (E2) and absence of progesterone (P4) has been suggested to increase susceptibility to AD
compared to men. Therefore, there are two possibilities: 1) the sharp decrease in
neurological responsiveness in old age is due to the missing steroid hormones,
or 2) the loss of steroid neurological feedback to the endocrine function destroys
hormone production and brain responsiveness [40]. Experimental evidence has
pointed to the promotion of neuron viability and the possible decrease in

β-amyloid peptides due to the protective actions of E2 and the immunosuppressive action of P4 [41], which are a critical factor in the origination and advancement of AD and the neurological damage that can ensue. This connection suggests that the use of hormone replacement therapy (HRT) could provide a reduction in the risk of the onset of AD, but also perhaps decreases in AD symptoms. Furthermore, cyclic exposure to P4 helps in the regulation of hippocampal
gene expression [42], which indicates the general effects of menopause on the
reduction of gene expressions that can lead to diseases of aging.
Over the last decade, there have been many studies that have suggested the re36

T. S. Wiley, J. T. Haraldsen

levance of HRTs in the fight against and prevention of AD [31]-[36]. While
these studies seem to demonstrate a significant reduction in risk of AD in women, other studies have suggested that the protective benefits of HRT may be overstated as some studies indicate little to no associated reduction in AD [43]-[48].
However, the dosing type in all of these studies was static synthetic estrogen and
low in dosing amount. This means the women were given enough synthetic estrogen to elevate the overall concentration of hormones in the blood, but not
enough to trigger the production of progesterone receptors [48]. Furthermore,
they seem to completely ignore the standard bio-rhythmic response of the body
that functions to control gene expression [49].
The regular biological rhythm for women has an increase in E2 during the first
12 days of a women’s cycle (illustrated in Figure 2). This peak in estrogen signals the production of P4 receptors, which, over a 9-day period, E2 is decreased
in the body while P4 is increased [50]. Progesterone will peak on day 21, and
then the cycle will reset on Day 28. It is this rhythmic pattern that is usually neglected in studies, with adverse outcomes, on HRTs for Alzheimer’s patients. We
suspected that wide variation between effective and non-effective hormone treatments in the above studies is due to regularity of dosages, the delivery system
(orally, transdermally, etc.), and/or whether progesterone is included at all in the
treatment.
As discussed in Pike et al. [30], estrogen’s neuro-protective actions are modulated by progesterone [51] [52], whereas static progesterone exposure always
inhibits estrogen’s actions, synthetic or otherwise. However, the cyclic delivery
of P4 and E2 will allow for the increase of E2 receptors [48] [49]. When low levels of E2 are administered, the potential production of progesterone receptors
(P4R) is hindered [53] [54]. This can be improved through a rhythmic pattern of
E2 and P4. Furthermore, estrogen is known to increase dendritic spining as well
as synaptic plasticity [55] [56].
As observed in most women, the loss or disruption of E2 and P4 has a number

Figure 2. The suggested rhythmic dosing pattern for estrogen (E2) and progesterone (P4)
during the normal reproductive cycle for a young woman. As E2 peaks, so does the production of P4 receptors. Around Day 14, women will experience a peak in luteinizing hormone
(LH) and follicle-stimulating hormone (FSH), which begin the ovulation process.
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of effects on the body and mind. For example, decreased E2 will reduce synaptic
plasticity and increase the loss of dendritic spinning [55] [56]. The disruption of
the production of progesterone and P4 receptors, via luteinizing hormone (LH),
due to estrogen loss produces diminished immunosuppression and vascular endothelial growth factor. Furthermore, it is well documented that the presence of
estrogen prevents hyperphosphorylation of the τ protein and helps regulate the
metabolism of β-amyloid. Therefore, it is probable that reduction or complete
loss of estrogen and progesterone can lead to increased hyperphosphorylation of

τ (illustrated in Figure 3) and an increase in β-amyloid, which, in turn, also
reinforces hyperphosphorylation resulting in the onset of AD. Since the loss of
E2 concurrently produces a loss of P4, the body will experience diminished immunosuppression and loss of Vascular Endothelial Growth Factor (VEGF) [57].
Therefore, we propose that the effect of rhythmic dosing of estrogen with
dosing levels comparable to those of a reproductive woman may reduce hyperphosphorylation of τ and subsequently inflammation around calcium plaques
(illustrated in Figure 1), which may decrease the amount of memory loss produced from multiple random transient ischemic attacks (as shown in the right
side of Figure 1). The effects of E2 restoration should increase the brain’s ability
to increase dendritic spining and synaptic plasticity, which may lead to a decrease in the formation of plaques; although this would have to be studied clinically. Furthermore, the presence of E2 above the critical threshold produces P4
receptors. The levels of rhythmic P4 will restore that steroid hormone to youthful levels, which will create an increase in immunosuppressive response and
VEGF, which has been shown to help restore memory behavior in mice [58],

Figure 3. Generalization chain of events for loss of steriods hormones (estrogen-E2 and
progesterone-P4) and the effect it has on Alzheimer’s disease.
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and helps with the reduction of inflammation around calcium plaques. The increasing dendritic spining and loss of τ hyperphosphorylation may also help remove plagues, but this is purely speculative.

5. Conclusions
Through an evaluation of current literature, we examine the possible effects of
the steroid hormones (specifically E2 and P4) on the regulation of τ hyperphosphorylation and β-amyloid and their influence on the formation of β-amyloid
plaques in Alzheimer’s patients. We present a general mechanism that Alzheimer’s cases may be reduced or even prevented with the use of non-synthetic steroid hormones prescribed in a cyclic dosing schedule which mimics the rhythmic, escalating, and descending production in a reproductive body to control
gene expression. Given the ability of E2 to prevent τ hyperphosphorylation and
to regulate βA, there is a possible method for controlling hyperphosphorylation
and β-amyloid plaque formation through the application of estrogen and progesterone may help those patients with active disease as well as prevent the onset of
Alzheimer’s, if begun before menopause. Furthermore, using a bio-mimetic hormone replacement methodology, we examine and propose that modulated hormone dosing and the effects of steroid pulsatility and amplitude at the receptor
level are logically a major factor in effectively controlling the expression in the
brain.
Future aspects of research include examining how bio-mimetic, bio-identical
hormone replacement therapy affects the maintenance of microtubules and the
production of τ and β-amyloid. We propose a clinical experiment that will administer bio-identical hormones to women in a manner which mimics the normal rhythmic patterns of young reproductive women. The hormones should be
administered using a transdermal cream. This allows for the hormones to be
more effective, since they will bypass the liver. As a control, this should be compared to other hormone therapies (variable and static timing), as well as the control group with no hormones (transdermal cream without hormones).
Investigations into the advancement of AD can be determined through standard medical techniques (magnetic resonance imaging and CT scanning) along
with physical, diagnostic, and neurological examinations. As per the mechanism
above, we expect that there will be a slowing or abatement of AD symptoms due
to the restoration of youthful gene products. A reversal of symptoms may be
theoretically possible, but other factors such as damage may hinder those possibilities.
Once a satisfactory baseline can be established for women, further investigation into the estrogen derived from testosterone in men may also be studied.
While the mechanism for men is not

clear, due to the lack of a distinct hor-

monal pattern, the increase of testosterone will increase the presence of estrogen
in the body and may have the same effect overall. However, this exact mechanism is not evident at this time.
Overall, as people age, the only one constant among all people is that we lose
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the ability to produce sex steroid hormones and regulate the proper production
and regulation of gene products at their behest. It is our conclusion that the manifestation of Alzheimer’s disease may be due to this particular problem. In women, the loss of E2 and P4 produces a cascade of events that can result in the
growth of calcium plaques on neurons and the subsequent production of transient ischemic attacks that lead to memory loss. The same may also be true for
men, although through the loss of testosterone, which typically converts to estrogen. However, when looking at a problem with so many complex interacting
parts, it is sometimes needed to step back and acknowledge the loss of something that is basic to human growth and reproduction as the possible cause.
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