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Abstract/Hypothesis

Fluidity of cellular membranes is essential for life. Two possibilities are known to keep human
membranes fluid: unsaturated fatty acids and cholesterol. Whereas liver cells can synthesize cho-
lesterol, unsaturated fatty acids are essential. Life style in Western civilization leads to depriva-
tion of essential fatty acids, to elevated serum-cholesterol-levels and to autoimmunity. Here the
hypothesis is presented, and explains the relationship: deprivation of essential fatty acids lead to
imminent quasi-crystallization of the membrane. Serum cholesterol-levels are elevated. Incorpo-
ration of cholesterol into membranes enhancing fluidity again, is able to repair the effect. At satu-
ration, repair fails. Quasi-crystallization occurs. Proteins tilt into another conformation. This has
not been learned during the “self’ recognition process of the immune system during the embry-
onic phase. Inmune system attacks the new conformation as “non-self’, autoimmunity emerges.
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1. Discussion

Autoimmune diseases with always new manifestations are described about 50 years. They go along with West-
ern civilization.

All living forms are bound to cells. All cells are enclosed in cellular membranes. Membranes separate inside
from outside. They select permeability for molecules, transport nutrition inside and waste products outside; they
transport and secret hormones, ensure contacts and communications within cells. Without membranes, life is
virtually impossible. Only few molecules are able to permeate passively through the membrane, and most are
actively transported with a carrier protein. Carrier proteins recognize and selectively transport components under
energy consumption. Cells recognize each other through receptor proteins on their membrane surface. The im-
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mune system distinguishes between “self” and “non-self” structures via specific histocompatibility receptors.
Biochemically, membranes are built as phospholipid-bilayers. Bipolar components, with a hydrophilic head and
a hydrophobic tail lay as a stable structure (Figure 1). Membranes are fluid in their natural state. Fluidity means
that all components can move within the structure. In case of a temperature decrease, without biochemical cor-
rection, part of the membrane falls in quasi-crystalline structure. Within a transition temperature of 10 to 20 de-
grees Celsius, all areas become quasi-crystalline.

Within the transition temperature, carrier proteins tilt from one conformation into another. In “frozen” con-
formation, original functions of the proteins become obsolete. In addition, the membranes become leaky, com-
ponents leak that are prerequisite for life. With quasi-crystalline membranes life is not possible [1] [2]. Cells re-
gulate the transition temperature of their membranes with variation of components. Optimal condition is life
above the temperature, where crystallization would start. Creatures live in very hot or very cold environment.
Each of the creatures owns its own possibility to individually maintain the membrane fluid and intact.

Bacteria with complex life cycle like Borrelia are transfered from mites into vertebrates and vice versa. They
drive a special program to fluidize their membrane, when entering the mite. Another program leads to other
membrane components, when they enter the vertebrate. Life at 37°C needs other requirements; membranes have
different components during their life spans.

The transition temperature of the membrane is determined by the molecular components. Saturated fatty acids
form straight chains; this quasi-crystallization is easier, the transition temperature is higher. Unsaturated fatty
acids in the lipid layer form buckled chains. This membrane quasi-crystallizes slower, the transition temperature
is lower. At the body temperature of 37°C, membranes with saturated fatty acids lead to imminent quasi-crys-
tallization, whereas essential fatty acids leave them fluid. In the human cellular membrane, in addition to the es-
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Figure 1. Aggregate states of cellular membranes. A membrane in fluid
state is shown as sheme top right. The membrane is built as bilayer, con-
taining lipids with a hydrophilic head (star) and two hydrophobic fatty acids.
Hydrophilic heads exhibit to the surface, whereas the hydrophobic fatty
acids show in the inner part. Most of the fatty acids here are essential ones,
with double bonds, which lead to buckled chains (Ess Fa). This hinders
quasi-crystallization. Here some cholesterol molecules (C) in addition en-
hance fluidity. Herein, a carrier (P) freely moves and can fulfill its task. Top
left, a sheme of a quasicrystalline membrane is shown. Saturated fatty ac-
ids (Ox Fa) form straight molecules, easy to quasi-crystallize. The carrier
tilts into another conformation and has lost its original function. In addition,
a new conformation at the outer surface occurs. This new conformation
could lead the immune system to attack this structure. The graph below
shows the phase-transition of the membrane. The red arrows show the
temperature, where life is possible. Life requires complete fluidity.
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sential fatty acids, cholesterol is well known to enhance the fluidity of the structure [3]. Liver cells can synthesize
cholesterol.

To explain the etiology of autoimmunity, so far complex mechanisms are discussed, and no visible simple
coherence exists. The novel thesis discussed here claims that Western life style leads to deprivation of essential
fatty acids. If essential fatty acids are missing, cell membranes are in danger to quasi-crystallize. This induces
liver cells to increase serum cholesterol levels to enhance fluidity. With further degradation, this repairs mecha-
nism saturates, and membranes begin to quasi-crystallize. Thereby, proteins in the membrane tilt into a different
conformation.

The immune system learns to distinguish between “self” and “non self” during embryogenesis. “Self” recog-
nition is necessary to distinguish between own tissue and agents, that invade the body, and latter have to be rec-
ognized, attacked and eliminated. During embryogenesis, the body of the mother supplies essential fatty acids.
Rather the mother’s body suffers from deprivation than the embryo. Therefore, the immune system learns “self”
structures in completely fluid membranes. Conformational change of a protein, due to quasi-crystallization and
deprivation of essential fatty acids, will lead to “non self” reaction of the immune system. Autoimmunity
emerges. If cells in the Langerhansschen Inseln in pancreas are first attacked, Diabetes occurs. If cells of the
joint are affected first, rheumatic disorder occurs.

Cholesterol in cellular membranes increases fluidity, meaning that the body can adapt the membranes to low-
er temperatures. Cells of a hand are rarely 37°C warm, without cholesterol membranes would quasi-crystallize
[3]. In case of rheumatic disorder, the colder joints are first affected. In hand, temperatures below 20°C can oc-
cur, leading to earlier quasi-crystallization than in other tissue with usually higher temperatures.

Deprivation in essential fatty acids leads to imminent quasi-crystallizaion of membranes, and the cholesterol
levels are elevated to ensure fluidity. This would mean that high serum cholesterol levels can be lowered by up-
take of extra portions of essential fatty acids. This exactly is the case and was shown in several studies [4]-[6].

The upper normal value of cholesterol in human serum was set around 1980 to 100 mg/dl. Meanwhile, it is
corrected to 200 mg/dl. The average level of serum cholesterol in the population in Western countries continu-
ously arises. A high serum cholesterol level reflects a deprivation of essential fatty acids in the human popula-
tion in Western countries. It reflects a risk for quasi-crystallization of membranes. High cholesterol levels are
described as risk factors for atherosclerosis, infarction and other autoimmune diseases [7]-[11].

Infectious agents use this Achilles heel for assault. Borrelia uses an enzyme during infection, digesting essen-
tial fatty acids [12]. Digesting essential fatty acids diminishes membrane fluidity of the host cell. Additionally,
Borrelia can acquire cholesterol from the host cell, and this feature is seen as decisive for the infection success
[13]. Transfer from cholesterol from the host to the infectious agent, keeps the membrane of the bacterium fluid,
and decreases fluidity of the host membrane. This gives an advantage to the bacterium. In that, the immune re-
sponse works suboptimal [14]. In addition, cells might become leaky, releasing amino acids and other nutrients
to the extracellular liquid, feeding the bacteria. Active borrelioses usually are combined with high cholesterol
levels; the body tries to balance the defect. Borrelioses frequently lead to autoimmunity [15]. Here, essential
fatty acids digestion, high cholesterol levels and autoimmunity are combined. All three items associate with
membrane fluidity.

Why is the Western population deprived in essential fatty acids?

Essential fatty acids are oxidized [16]-[18]. In Western civilization, the pollution of the environment leads to
oxidative stress: nitrose or sulfoxide gases and ozone originating from pollution, lead to biochemical oxidation.
This leads to free radicals in the body, these oxidize the essential fatty acids in membranes [6]. This leads to a
decrease of fluidity.

Western nutrition contains low amount of essential fatty acids. In countries of Southern Europe, autoimmuni-
ty is less frequent. There, daily consumption of olive oil is correlated with better health state. In olive oil, in ad-
dition to essential fatty acids, polyphenols and Vitamin E occur. Both molecules protect against oxidation of
cellular membranes [19]. Nutritional change leads to rare consumption of pure natural foods. Hardened fats,
overheated fats, chemicals, drying agents, antidegradants fill nutrition [20]. Overheating fats, i.e. frying french
fries, lead to trans-fatty acids. These fatty acids are not natural, and the body cannot digest them. Therefore they
are accumulated in the membranes [21] [22].

Which prevention is possible?

All are known already about the prevention against autoimmunity diseases. Avoiding oxidative noxes brings
advantage. Sunny summerdays with high ozone levels invite to outdoor activities. It is advantageous to shift
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these activities to the early morning hours, when ozone levels are at a minimum. Additionally, long journeys in
motorcars can be avoided, and journeys in trains put less burden on the biochemistry of the human body. Re-
storing cellular membranes with extra portions of essential fatty acids is advantageous. Natural plant oils, half a
liter per week, stabilize fluidity. Primrose oil in addition contains longer chain essential fatty acids. Soja prod-
ucts contain lecithin with essential fatty acids, fish and seafood are sources. Actually lipid exchange therapies,
already work successful [23].

How to test the thesis?

Here the thesis is presented that serum cholesterol elevation enhances the fluidity of cellular membranes to
repair oxidative damage and deprivation of essential fatty acids. If this is the case, the fluidity of membranes
must be measured by a sensor. This sensor should be able to increase in addition the serum cholesterol-level.

Autosomal dominant hypercholesterolemia is caused in 80% of the cases by mutations in the low density
lipoprotein receptor (LDLR) [24]. This receptor is a candidate to measure membrane fluidity and subsequently
enhance cholesterol levels. LDLR family is an evolutionarily ancient gene family of structurally closely related
cell-surface receptors. Members uptake extracellular ligands and regulate diverse biological processes. They are
involved in lipid and vitamin metabolism and cell-surface protease activity. They as well regulate cellular sig-
nalling pathways [25]. In that complexity, they are able to fulfill the predicted role as guardians of membrane
fluidity, however, their role in measuring fluidity of membranes remains to be detected experimentally.
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