
Decreasing steroid hormones, mostly estrogen, testosterone and vitamin-D - the latter predominantly associated with sparse sun-
light - are accompanied by a reciprocal excess of their cytoplasmic type 1 receptors presumed to induce Alzheimer’s Disease. Steroid 
receptors that escape binding to steroid hormones or other suitable ligands are not translocated to the cell-nucleus and may aggre-
gate as unliganded zinc-enriched receptor-remnants in the cytoplasm, which by zinc-release promotes the formation of devastating 
neurofibrillary tangles. However, a part of these receptor-aggregates may become extruded via amyloid precursor protein (APP), 
contributing to Alzheimer’s plaques outside the neurons. The evidence, as part of the research, is necessarily mathematical, which is, 
however, reasonably available.
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Abstract

Introduction
Increasing age and female gender are risk factors for developing Alzheimer’s that coincides with the fall in sex hormone production at 
increasing age, starting in women after menopause and later as a gradual progression in men. Aging also reduces the formation of the 
steroid hormone, 1.25-dihydroxy vitamin-D, by 50% due to a decline in renal function and decreased synthesis of vitamin-D in the skin. 
However, the vitamin D- concentrations are significantly higher in males compared to females, and vitamin-D deficiency is substantially 
associated with Alzheimer’s [1]. 

Some contributing reasons for Alzheimer’s with more or less penetrans should be briefly mentioned: Apolipoprotein E (APOE4) poses a 
risk for Alzheimer’s, but the frequencies vary by geographical region. Apolipoprotein E reduces for instance androgen binding to cognate 
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Virtually all individuals with Downs syndrome develop Alzheimer’s, and since the amyloid precursor protein APP-gene by trisomy 21 is 
found on three chromosomes it has been suggested that an overproduction of APP is a considerable cause of early-onset Alzheimer’s and 
even the sporadic type [4]. Nevertheless, some young individuals exhibit widespread extracellular amyloid plaques without any signs of 
Alzheimer’s, which is possibly due to their high production of steroid hormones [5-6].

An alternative to APP might be the nuclear cofactor RIP 140 on chromosome 21 [7-8]. RIP 140 reduces the receptor-response to estrogens 
and perhaps to androgens too, at elevated ratio of RIP 140 to receptors, which retain the receptors unliganded.

There are some crucial factors missing in the above ‘contributing reasons, hence my aim is to include cytoplasmic type 1 receptors in 
the pathogenesis of Alzheimer’s as they are donors of amyloid and zinc and can form aggregates [9] in cytoplasm by diminishing ste-
roid hormones. They embrace the androgen receptors (X-chromosome) for testosterone and dihydrotestosterone, the estrogen receptors 
(chromosome 6 and 14) and the vitamin-D receptor [10]. The decisive trigger of Alzheimer’s may be zinc released from said receptor ag-
gregates and capable of hyperphosphorylating tau protein in the neurons. As a result of the hyperphosphorylation neurofibrillary tangles 
are formed, causing degradation of microtubules with loss of the transport of essential substances in the neurons.

Binding of steroid hormones to cognate receptors releases the receptor-conformation from cytoplasm and allows nuclear translocation 
that progresses to a shuttle [11] between the cytoplasm and the nucleus, making the receptors recyclable. Regarding the estrogen recep-
tors, this shuttle is selective [12] in the hippocampal CA subfields because ratio of estrogen receptors in the nucleus to their overall cellu-
lar level - a level, which is the same in both healthy and Alzheimer-patients - is approximately halved by Alzheimer’s compared to controls. 
This implies that the ratio of estrogen receptors or their remnants is increased in the cytoplasm by Alzheimer’s, which may accelerate the 
aggregation of unliganded receptors whether equipped with heat shock proteins or not [13].

A high number of steroid hormones desensitizes or down-regulates the number of receptors, which in turn is up-regulated by decreasing 
steroid hormones, figure 4. However, not everyone with a low level of sex hormones gets Alzheimer’s, which draws attention to the afore-
mentioned change in the compartmentalization of steroid receptors showing an increment in the cytoplasm by Alzheimer’s. 

The scope of this study assumes that Alzheimer’s and Multiple Sclerosis are correlated diseases as they share several determinants [14].

A woman’s estimated lifetime risk of developing Alzheimer’s at age 65 is 1 in 5 (0.2) and approximately the half (0.1) in men, because 
almost two-thirds of Americans with Alzheimer’s are women [15].

However, incidence of Alzheimer’s varies widely around the world. There are far more cases diagnosed in Europe and North America than 
in Africa, Asia or India [16] conceivably due to the intensity of sunlight. Severe deficiency of vitamin-D with a high risk of Alzheimer’s was 
classified in 27% (0.27) [17]. 

Methods

receptors, but its role is obscure in severe vitamin-D deficiency leading to Alzheimer’s. Estimates for APOE E4 from 142 samples showed an 
Alzheimer-prevalence of 48.7%. The rare allele combination 4/4 by APOE from 73 samples showed an Alzheimer-prevalence of 9.6% [2-3]
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Figure 1

The binomial distribution (p+q)n, abbreviated to (h+r)8 at the bottom, displays a probability approaching 1 when the exponent, n, becomes 
infinitely large. The overall probability of the standard distribution - under the Gaussian curve - is 1. The zone of Alzheimer’s is displayed 
by x opposite to non-Alzheimer’s, 1-x.

Women have a considerably lower level of steroid hormones than men, which is therefore not a satisfactory expression for the risk of 
Alzheimer’s, but until menopause they are as well protected from Alzheimer’s as men supposedly due to a higher receptor binding capac-
ity. 

Therefore, the probabilities p and q will be referred to as the logarithmic values of hormones (h) and receptors (r) because Alzheimer’s 
predominantly occurs when the steroid production decreases.
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Figure 2

Figure 2 is intended as a supplement to figure 1, and the differential equation system supports the assumption of the relationship between 
steroid hormones and Alzheimer’s. The colors of the table are reproduced in proper order in the graph and show the decline of the steroid 
hormones during increasing Alzheimer’s. (Maple: Runge-Kutta-Fehlberg 4-5th order). 

Figure 3

It is assumed that the logarithmic values of vitamin-D approach a standard distribution when the population is sufficiently large [18].
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According to the binomial distribution in figure 1: The later in life Alzheimer’s occurs, the less the fraction of unliganded receptors on the 
left tail of the Gaussian curve. In other words, the amount of unliganded receptors determines the speed of aggregation that accumulates 
gradually. On the right tail of the curve the steroid hormones dominate successively with decreasing bindings to the dwindling receptors 
and do not participate in Alzheimer’s. 

The half-life of sex hormone receptors amounts to a few hours. It is anticipated that they during this time will adhere to each other and to 
the amorphous clusters of protein they have gradually formed unless they become liganded. The aggregates are largely resistant to lyso-
somal degradation due to the zinc-content, which progressively might be released and demonstrably plays a role in the hyperphospho-
rylation of tau protein. Such aggregates may occasionally release zinc in larger quantities, which would likely overload the zinc transport 
mechanisms as the concentration of cytosolic zinc is usually negligible [20].

It should be noted that Apolipoprotein E and RIP140 reduce the bindings of androgens and estrogens to their receptors and at the same 
time pose a risk of Alzheimer’s because more unbound zinc-enriched receptors accumulate in the cytoplasm. This is also seen by Downs 
Syndrome with the difference that, as mentioned in the introduction, there is an increased production of receptors. 

The matter of ligand function is exemplified by the action of tamoxifen [19], partly an inhibitor who competitively binds to cytoplasmic 
estrogen and androgen receptors and appears to have a curative effect in Alzheimer’s. With some reservations it is substantiated that 
the conformation tamoxifen-receptor neither aggregates nor becomes transcripted. This implies that a transcription mediated by the 
conformation hormone-receptor is not required in order to impede the development of amyloid plaques because the mere conformation 
ligand-receptor seems sufficient for that purpose.

Discussion

Figure 4

When s starts from zero, vitamin-D receptors is successively generated by negative feedback from vitamin-D (25-hydroxyvitamin D) and 
slightly by positive feedback from estrogen, which is initially inhibited by vitamin-D. As vitamin-D approaches the abscissa, the vitamin-D 
receptor continues its rise, now generated by the increasing estrogen concentration. (Maple: Runge-Kutta-Fehlberg 4-5th order).

Figure 4
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Unliganded steroid receptors tend to clump together, and it is logical to assume that the more there are, the more rapidly it proceeds. From 
this it can be inferred that the early onset of Alzheimer’s may be caused by a high ratio of receptors to hormones, while the late occurrence 
can be attributed to a small ratio with slow aggregative receptors. The lag time seems thus variable and abide by age; therefore, the dosage 
of therapeutic steroid hormones is not straightforward as it must be initiated early before the irreversible damage to the brain reaches a 
certain level.
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