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Abstract

An excess of zinc-enriched type 1 steroid receptors to matching steroid hormones may damage oligodendrocytes and cause central
nervous system demyelination and multiple sclerosis. These receptors for vitamin D, estrogens, androgens, and other steroids can
form cytoplasmic aggregates that occasionally release zinc in larger amounts, causing hyperphosphorylation of tau protein and deg-

radation of the oligodendrocytes and the myelin sheath around the neurons.

Postmenopausal women and older men with multiple sclerosis and a hereditary low sex hormone level matched by excess receptors

may develop symptoms of Alzheimer’s.

Six facts about multiple sclerosis were inserted into innovative differential equations for the construction of the graphs, which show:
A simultaneous increase in vitamin D receptors and multiple sclerosis. Vitamin D receptors are exposed to negative feedback from
vitamin D followed by positive feedback from estrogen, which is initially repressed by vitamin D. Thus, growing levels of estrogen
increase vitamin D receptors, while high levels in multiple sclerosis-pregnancies reduce the detrimental effect of vitamin D receptors

by additional bonds to estrogen receptors, obviously augmented by a terminal drop in vitamin D receptors.
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Introduction
Two things separate this study from other studies dealing with

multiple sclerosis (MS):

Firstly, I argue that MS originates in the myelin-forming oligoden-
drocytes and not, according to the well-established assumption,
in an inflamed myelin sheath, which would require the presence
of antigens in the myelin sheath and a concomitant defect in the
blood-brain barrier allowing immune cells to enter the brain from
the blood. Conditions that have not been verified despite decades

of research.

Secondly, the depicted dynamic figures are based on mathematical
methods that are considered inferior to experiments, but the end

justifies the means.

The aim is to show that damage to oligodendrocytes results from a
cytoplasmic excess of type 1 steroid receptors relative to matching
steroid hormones. This includes vitamin D receptors (VDR) gener-
ated by estrogens, especially estradiol, E2, [1] [2] [3], but appar-

ently also by negative feedback from vitamin D.
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For computational reasons, the receptors are limited to estrogen
receptors (ER) and VDR, whose hormones are strongly associated
with the onset and frequency of MS.

Each receptor is enriched with four zinc atoms [4] and can, regard-
less of the presence of heat shock proteins, form aggregates [5] in
cytoplasm unless it binds to corresponding hormones, after which
the complex is translocated to DNA in the cell nucleus without con-
tributing to MS.

The decisive trigger of MS may be zinc released from said receptor
aggregates and capable of hyperphosphorylating tau protein in oli-
godendrocytes and neurons [6] [7] [8] [9], which, by the way, is also
a hallmark of Alzheimer’s disease (AD) [10]. The activity of zinc is,

however, not embraced by the subsequent mathematics.

As a result of the hyperphosphorylation, glial fibrillary tangles [11]
and neurofibrillary tangles [12] are formed, causing degradation of
microtubules with loss of the transport of essential substances in
the cell and finally decay of the myelin sheath covering the neurons
[13].

Accordingly, steroid hormones are restricted to the following hor-
mones: Estrogen is included as women are three times more likely
to develop MS than men [14], but after menopause and in elderly
men, the drop in testosterone may become important. However, vi-
tamin D plays a role from puberty to senescence and appears to be a
key steroid in MS although external factors such as the geographical
location are involved in the synthesis of this steroid, with sunlight
being the most potent factor [15] [16].

Steroid hormones generally auto-regulate their receptor levels
[17]. An excess of sex hormones desensitizes or down-regulates the
number of ER (chromosome 6 alpha and 14 beta) and androgen re-
ceptors (AR) (X chromosome), which in turn are upregulated by a
decreasing level of sex hormones, a regulation that also appears to

occur between vitamin D and VDR.

The scope of this study sporadically includes neurodegenerative

diseases, which in my opinion share determinants with MS.

Materials
The six fundamentals below are used in the following equations

that determine the course of the graphs:

1. Within certain limits, elevated estrogen levels generate VDR
(1] [2] [3].
Ratio of men to women with MS approximates 1/3 [14].
Vitamin D deficiency poses a risk for MS [15] [16].

4. Ratio of estrogen concentrations, postmenopausal- to fertile
women, approximates 1/12 [18] [19] [20].

5. Ratio of estrogen concentrations, men to fertile women, ap-
proximates 1/4 [18] [19] [20].

6. Free estrogen increases by a factor exceeding twenty late in

pregnancy [21].

However, an elaboration of these fundamentals seems opportune:

MS is pronounced in fertile women [22], possibly because VDR is
generated by estrogen. In addition, VDR is significantly more prev-
alent in MS compared to healthy individuals [23] [24]. Neverthe-
less, the overall pool of unliganded steroid receptors in oligoden-
drocytes and neurons plays an essential role, especially at aging in
those who are hereditarily predisposed for low levels of sex hor-
mones against high levels of their receptors. This group can exhibit

progression of MS resembling the pathology of AD [25].

Pregnant women with MS often experience improvement in late
pregnancy, characterized by a very high estrogen level. The reason
may be the reciprocal relationship between hormones and recep-
tors as well as the high receptor binding capacity in women [26],

both of which reducing the number of unliganded ER.

Women with MS also have a subnormal testosterone concentration
[26], which causes an increase in AR, creating a cumulative effect
with VDR.

Men with MS and a high estrogen level exhibit a greater degree of
brain injury [27] [28], while testosterone supplementation causes
cognitive enhancement [29], possibly because the unliganded AR
are reduced, whereby the effect of estrogen-generated VDR attenu-

ates.

Methods

The models depend on the fractions VDR /vitamin-D (x/y) and ER/
estrogen (w/z) and estrogen, z. The unknown concentration of re-
ceptors (x, w) is placed in the numerator, whereas the concentra-
tion of hormones (y, z) in the denominator is defined. The same

rules apply to x/y and w/z, why x/y is chosen.
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If MS is due to receptor dominance, x is greater than y in x/y (but
less than 2y), or z is elevated. In the function, F(x/y) = x/y + axy
+ (x - ax), is ax the subset of x that binds to y in an equivalent
quantity. Therefore, ax, when mul-tiplied by y, forms the bond, axy.
Since ax equals y, follows, axy = yy = y? which is negative, - y?, as it
is translocated to the cell nucleus. There remains an unused part of

X, X — ax, identical to x - y.

By adding z, the final model now equals the disease risk: x/y - y* +

X-y+zZ=S5.

At vitamin D dominance, associated with the absence of MS, y is

greater than x in x/y, and the level of z is normal.

In the function, G(x/y) — x/y + Byx + (v - By), is By the subset of
y that binds to x in an equivalent quantity. Therefore, 8y, when
multiplied by x, forms the bond, Byx. Since By equals x, follows, Byx
= xx = x%, which is negative, - x% as it is translocated to the cell nu-

cleus. There remains an unused part of y, y - By, identical to y - x.

By adding z, the final model now equals the disease risk: x/y - x* - x

+y+z=s.

An unknown quantity of hormones and receptors is unliganded at

any given time, but this does not significantly affect the method.

Results

Figures 1, 2 and 3 show the concentration of unliganded VDR, estro-
gen, vitamin D and ER versus the risk of MS and are based on sys-
tems of nonhomogeneous differential equations. The computations
can only be performed numerically in MAPLE with the ‘boundary
values’ set to 2 on the ordinate for the dependent variables, hor-
mones and receptors, at the instant the independent variable, s, the

risk of MS, equals 0 on the abscissa.

Moreover, the independent variable must be consistent with an ap-
proximately straight section of the line formed by age versus dis-

ease frequency, what is met here [22].

MS progresses from zero to the numbers, 0.19, 0.085, and 0.067,

representing the respective upper limits of MAPLE’s performance.

1. Fertile woman with MS. The level of vitamin D, 2y(s), is nor-
mal, but the level of estrogen is increased from the average of
8z(s) to 12z(s). The disease rate is 3s, i.e. 3 times that of men.

2. Postmenopausal woman without MS and with normal levels of

vitamin D, 2y(s), and estrogen, z(s).

3. Man with MS. There is a deficiency of vitamin D, y(s), but the
level of estrogen, 2z(s) - a quarter of fertile women - is normal.

The disease rate is s.

1.dif f(x(s),s) —3s = % — x(s)? — x(s) + 2y(s) + 12z(s)
2.dif f(y(s),s) = 23;% —x(5)? — x(s) + 2y(s) + z(s)
3.diff(z(s),s) —s = % —y(8)? + x(s) — y(s) + 2z(s)
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Figure 1

When s starts from zero, VDR is successively generated by nega-
tive feedback from vitamin D and slightly by positive feedback
from estrogen, which is initially inhibited by vitamin D. As vitamin
D approaches the abscissa, VDR continues its rise, now generated
by the increasing estrogen concentration. (Runge-Kutta-Fehlberg
4-5" order).

The estrogen concentration in the first equation is now raised to
a level of 100z(s) that may occur late in pregnancy. The other two

equations remain unchanged.

dif f(x(s),s) —3s = ny(% —x(5)? — x(s) + 2y(s) + 100z(s)
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VDR is crossed by a pregnancy-equivalent estrogen concentra-
tion. This alleviates MS symptoms, among others due to increas-

ing number of couplings between estrogen and ER, which is partly

L dif FOw(s), ) (())

x(s)
2y(s)

2.dif f(x(s),s) —3s =

x(s)

3.dif f(y(s),s) = ON x(s)? — x(s) + 2y(s) +

(

x(s)

4.diff(z(s),s) —s = 76 -y

—x(5)? — x(s) + 2y(s) + 200z(s) +

()2 +x(s) = y(8) + 7=

attributed to the high receptor binding capacity in women. The
small arrow shows the coincidence between exhausted vitamin
D and markedly increasing estrogen. (Runge-Kutta-Fehlberg 4-5%

order).

In the desire to visualize the course of ER after consecutive cou-
plings with estrogen, the above equation system is expanded by

w/z, identical to ER/estrogen.

1. Man without MS. The levels of vitamin D, 2y(s), and estrogen,
2z(s), are normal. It is assumed that the diminutive 2z(s) is
smaller than w(s) due to the reciprocal relationship. 2z(s) and
-27(s) cancel each other out.

2. Pregnant woman with MS. Vitamin D, 2y(s), is normal, but the
level of estrogen increases to 100z(s), which surpasses w(s)
and occurs twice, yielding 200z(s). The disease rate is 3s.

3. Postmenopausal woman without MS and with normal levels of
vitamin D, 2y(s), and estrogen, z(s). It is assumed that z(s) is
smaller than w(s) due to the reciprocal relationship. z(s) and
-z(s) cancel each other out.

4.  Man with MS. There is a deficiency of vitamin D, y(s), but the
level of estrogen, 2z(s), is normal. It is assumed that 2z(s) is
smaller than w(s) due to the reciprocal relationship. The dis-

ease rate is s. 2z(s) and -2z(s) cancel each other out.

=———x(s)? —x(s) + 2y(s) + 3 (()) 2z(s)% + w(s)

w(s)
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Figure 3

Estrogen exhibits negative feedback on ER, but this is less pro-
nounced where the inclination of estrogen (small arrow) is located
along with the decline in VDR, which continues as estrogen re-
sumes its increase. This coinciding loss of free estrogen and VDR
suggests that bonds are established between them. (Rosenbrock
stiff 3-4*" order).

The assumed reciprocal relationship between ER [w(s)] and the
low estrogen levels in men and postmenopausal women can only

be depicted by non-feasible symbolically computations in MAPLE.

Discussion and Conclusion

Although the six fundamentals in ‘Materials’ set rules for the con-
struction of the equations, the concentration of the receptors (VDR,
ER) is unknown, and their tendency in the graphs is unpredictable,

as is convincingly seen in in figure 3.

As figure 1 shows, vitamin D exerts negative feedback on VDR and
inhibits the estrogen synthesis [30] until vitamin D approaches the
abscissa and continues at a zero slope without further participat-
ing in the increase of VDR, which now occurs by increased estrogen
activity. This results in a decrease in ER in accordance with figure

3, which confirms the reciprocal relationship.

The sudden drop in VDR at high estrogen concentrations is not de-
scribed in the literature but is perhaps the primary cause of the
relief of MS symptoms in pregnant women. The dosage of estrogen
in a course of treatment should, therefore, match the values of late
pregnancy as smaller doses according to figure 2 can generate an
excess of VDR.

Certainly, vitamin D supplementation, preferably sunlight, is an al-
ternative, but in all likelihood vitamin D does not cross-react with
estrogen- and androgen receptors, which would restrain their for-
mation of lumps in the oligodendrocytes. However, a comprehen-
sive effect occurs when vitamin D supplementation is succeeded by
tamoxifen, which competitively binds to cytoplasmic estrogen- and
androgen receptors and has a beneficial effect on MS [31]. Binding
of tamoxifen to these receptors may inhibit receptor aggregation
and reduce the release of zinc, a process that takes place in the cy-

toplasm and is independent of transcription.

Incidentally, tamoxifen counteracts AD and amyotrophic lateral

sclerosis, presumably due to the same mechanisms [32] [33].

In a genetic perspective, MS seems to be related to polygenes re-
sponsible for the variation in the reciprocal relationship between
steroids and their receptors. For example, when the vitamin D level
decreases, the increase in VDR seems beneficial because it im-
proves the utilization, but this benefit is temporary as aggregates
can be formed. Such aggregates conceal zinc for an extended period
of time and may occasionally release it in larger quantities, which
would likely overload the zinc transport mechanisms as the con-
centration of cytosolic zinc is usually negligible [34]. Does that con-

stitute the cause of ‘relapsing remitting’ MS?

Treatment with zinc transporters has been suggested as a tempo-
rary improvement occurs in Lewis rats [6]. However, the source of

zing, the zinc-enriched aggregates, is unlikely to be affected.
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