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Abstract

To date, we do not know the etiological agents of Neuromyelitis Optica (NMQO) and Multiple Sclerosis (MS) that
trigger the production of specific antibodies (autoimmune reaction) in the bloodstream, against aquaporin-4 (AQP4)
and myelin oligodendrocyte glycoprotein (MOG) antigens located in the astrocytes and oligodendrocytes,
respectively. Agents that also cause immunological abnormalities, which damage the intima of the arteries and the
blood brain barrier (BBB). Thus, AQP4 and MOG antibodies, as well as cytokines and activated leukocytes cross the
injured BBB to cause inflammation, demyelination and degeneration. The clinical course in both diseases is
generally characterized by periods of relapses and remissions. For these reasons, based on previous neurosurgical
experiences, | believe that an omental transplantation on the optic chiasma and anteromedial temporal lobes can
decrease or prevent relapses. Because the omentum produces revascularization and provides stem cells to the

hypothalamus and surrounding zones.
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Introduction

To date, the etiological agents that trigger the production of
antibodies in the bloodstream against the water channel aquaporin-4
(AQP4) and myelin oligodendrocyte glycoprotein (MOG), are not
known. AQP4 antigen is located in the membranes of astrocytes of the
central nervous system (CNS) [1-5], while the MOG antigen is located
in the membranes of oligodendrocytes [6-8]. The damage to the AQP4
antigen is cause of neuromyelitis optica (NMO) and injury to the
MOG antigen seems to be related with Multiple Sclerosis (MS). NMO
is a disease which almost selectively affects the optic nerves and spinal
cord [3,9-11], while in MS there are a more diffuse distribution within
the CNS, both cortical and subcortical (white matter) [12]. Moreover,
relapses in both diseases have a direct relationship with the chronic
stress and hyperactivity of the hypothalamic-pituitary-adrenal (HPA)
axis [13-17].

In the absence of knowledge of the etiological agents producing
specific antibodies for both diseases, medical treatment is aimed at
minimizing and avoiding relapses of both autoimmune, inflammatory
and demyelinating diseases of the CNS, using high doses of
methylprednisolone and immunosuppressive drugs, among other
medications [9,11,18]. For the above-mentioned reasons and based on
previous neurosurgical experiences [11,19-21], I believe that an
omental transplantation at the chiasmatic cistern and anteromedial
temporal lobe(dentate gyrus, hippocampus, entorhinal cortex and
amygdala) may normalize the function of the HPA axis and so,
decrease stress. In other words, normalize blood levels of cortisol and
activate the immune system.

Clinical Data of NMO and MS

NMO is an autoimmune and demyelinating disease preferentially
targeting the optic nerves and spinal cord [3,10,11,18], usually with a
relapsing course [9,14,22]. Initially considered a variant of MS, NMO
is now clearly recognized to be a separate disorder with distinct
clinical, radiographic, pathologic, and serologic features [12,18].
Generally, NMO is started with ocular pain to the movement of one or
both eyes, followed or parallel to the visual impairment uni or
bilaterally that advance in hours to days until blindness [21-23]. On
other cases, the patients began with legs cramps and months later,
weakness in both legs [21,24]. Computed tomography (CT) is not
useful for the diagnosis of NMO [22].

MS can occur at any age, but most of them develop the first
symptoms between 20 to 40 years [25-27]. Women are about twice as
likely as men are to develop MS. There are four clinical forms of MS
[26,28]:1) relapsing remitting MS (RRMS), 2) secondary progressive
MS (SPMS), 3) primary progressive MS (PPMS), and 4) progressive
relapsing MS (PRMS). In the early stages, about 87% of patients
present with RRMS, characterized by acute attacks (relapses) followed
by partial or full recovery (remission) [6,28,29]. That is, most people
with MS have a relapsing-remitting disease course. Patients can
manifest with a heterogeneous group of symptoms including
depression, diplopia, weakness in one or more limbs, dis-coordination,
tremor, sensory loss or distortions, or changes in bowel and bladder
function [6,16,28,30]. Minimal depression in early stages of RRMS, is
the most frequent psychiatric disorder [15,16], suggesting a lesion in
the prefrontal lobes. By contrast, in late stages, 50 % of the patients are
incapable to walk about 15 years after the beginning [6,30]. The
primary form of MS (PPMS) is the most difficult to diagnose. Over
95% of pediatric MS patients have an initial RRMS course, whereas
PPMS is exceptional in children and should prompt detailed
consideration of alternative diagnoses [25,26]. Therefore, the
appearance of the symptoms and signs is directly related to the affected
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area in the CNS. That is, MS lesions known as plaques can form in
brain and spinal cord white matter in any location and experience
anatomopathological stages of functional recovery (remission).

Moreover, several authors [13-15,17,31-33] report that in MS there
is hyperactivity of the HPA axis in stages of relapses. Suggesting
ischemia and hypoxia [34-36] in prefrontal lobes, anteromedial
temporal lobes (Figure 1) and/or hypothalamus at these stages
[19,20,37,38]. Because there is a direct relationship between
hypothalamic lesions and atrophy of the hippocampus with
hyperactivity of the HPA axis [16,19,39-43]. For example, in 173
patients with defined MS, all of them presented plasma levels of ACTH
and cortisol significantly higher than in controls [13]. Therefore,
chronic stress is directly related with periods of relapses in both
diseases, due to the blood increase of cortisol and catecholamines
[13,15,20,31,41]. In response to stress, corticotropin-releasing factor
(CRF) (released by the hypothalamus) initiates a cascade of events that
culminate in the release of cortisol from the adrenal cortex, and so it
reduce the production of natural killer cells (leukocytes and
macrophages), and increased blood markers of inflammation as
reactive C proteins, interleukins, and tumor necrosis factors. In the
whole blood of MS patients, the interleukins (IL-1, IL-2 and IL-4) and
Interferon gamma (IFN-gamma) levels are increased [14,15,40,44,45].
In conclusion, ischemic lesions in the limbic system and hypothalamus
may cause chronic stress [13,15,19,37,38] and then, deterioration of
the immune system, as well as hypotrophy of the thymus and lymph
nodes [15,17,31,33].
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Figure 1: Schematic representation of the hippocampus. DG,
dentate gyrus. BC, basket cells. PN, Pyramidal neuron. EN,
encephalinergic neuron. RN, raphe nuclei. SA, septal area. LC, locus
coeruleus. BZ, benzodiazepine. The cortical impulses through the
entorhinal cortex (area 28) end in the hippocampus and then,
through the fimbria and fornix end in the hypothalamus [38].

The diagnosis of MS is essentially clinical based on the analysis of
symptoms and signs, alongside evident of dissemination of CNS
lesions in space and time. The diagnosis of MS in children is somewhat
more difficult than in adults. But not so, if we fear that in children
there may also be diencephalic ischemia [34,35]. MRI images is often
sufficient to confirm the diagnosis when characteristic lesions
accompay a typical clinical syndrome [26,27]. A MRI scan will show
different things based on the type of MS involved. So much so that
some authors argue that the use of MRI is revolutionizing the
investigation, diagnosis, and even the treatment of MS.

Normal and Injured Blood-Brain Barrier

Normally the blood-brain barrier (BBB) is formed by 1) endothelial
cells, 2) basement membrane, 3) astrocytes end-feet and 4) pericytes
[46-49]. Endothelial cells are connected by tight junction around the
capillaries that do not exist in general circulation. That is, in the
general circulation there is no BBB. This normal BBB allows the
passage of water, some gases (oxygen and carbon dioxide), and lipid-
soluble molecules by passive diffusion, as well as the selective transport
of molecules such as glucose and amino acids that are crucial to neural
function. In both diseases, NMO and MS, the BBB is affected. Some
hypothalamic and monoaminergic nuclei of the brainstem do not have
BBB [48,50,51].

In NMO the astrocytes are damaged, whereas in MS is the
oligodendrocytes-myelin complex. The target antigen of autoimmunity
in NMO is the water channel aquaporin-4 (AQP4), while in MS seems
to be related with myelin oligodendrocyte glycoprotein (MOG).
However, to date the etiological agents for each disease are not known.
Many researchers believe that external and internal agents of origin or
a combination of them(within the bloodstream) are the cause of
damage to the intima of the arteries and the BBB [52-55]. But we know
that the harmful agent produce non-specific antibodies (AQP4-IgG)
for AQP4 in the NMO, and antibodies against the MOG antigen,
within the bloodstream. These antibodies selectively affect the CNS
myelin, but not PNS myelin [52]. In other words, these agents affect the
astrocytes and oligodendrocytes, but not the Schwann’s cells; still
circulating in the bloodstream.

Etiological agents [35,53,56-59] in the bloodstream injure the intima
of the arteries in general, which cause the release of inflammatory
cytokines such as tumor necrosis factor (TNF)-alpha, Ikappa-B Kinase
beta (IKK-beta), nuclear factor kappa-B(NF-kB), interferon(IFN)-
gamma, interleukins and matrix metalloproteinases (MMPs). Thus, on
the one hand, they cause different degrees of atherosclerosis
[34,35,56,60-62], and on the other hand, these same agents can also
damage the BBB [46,49,61], especially the TNF-alpha and MMPs
which facilitate transendothelial migration of the active leukocytes and
cause a localized inflammatory process [24,55]. In the whole blood of
patients with MS the IFN-gamma, interleukin (IL)-1, IL-2, IL-4 and
IL-6, they are all increased [14,44,63].

Astrocytes and Neuromyelitis Optica

Astrocytes are the most numerous glial type of the CNS, in which 4
cell types are distinguished: 1) protoplasmatic astrocytes, located in the
gray matter; 2) fibrous astrocyte, located in the white matter (axons)
and covering the nodes of Ranvier; 3) radial astrocytes, located in a
perpendicular direction to the ependymal cells of the ventricles, and 4)
modified astrocytes, such as Bergmann glial cells in the cerebellum and
Miiller cells in the retina [23,64-66]. Astrocytes, especially
protoplasmatic and fibrous types, both nourish neurons and
oligodendrocytes, as well as synthesize and recapture
neurotransmitters [55,65].

NMO (also known as Devic’'s disease) is a rare autoimmune
disorder, distinct from MS, causing inflammatory lesions in the optic
nerves and spinal cord [9,24,67,68]. However, it is not known with
certainty, which is the etiological agent that circulates through the
bloodstream and causes the release of antibodies against the AQP4.
Aquaporins (AQPs) that are present in the membranes of the
biological cells [1,2,69]. There are 13 known mammalian AQPs
(AQP-0 to AQP-12) in the biological cells for the transport of water
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forward and backward through the cellular membranes [1,2,70,]. Of 13
different AQPs, aquaporin-4 is the predominant type found in brain
and spinal cord [68,71,72], which plays the critical role in regulating
the water transportation, and participating in the CNS physiological
processes. In CNS, AQP4 is prefentially expressed in the retina, optic
nerve, hypothalamus, cerebellum, perivascular and ependymal cells,
anteromedial temporal lobe and the spinal cord, and low levels are
observed in the cerebral cortex [1,4,10,24,73]. In the astrocytes of the
CNS, AQP4 are distributed throughout the cell membrane, especially
in the astrocyte end-feet on the BBB [1,2,55]. Besides, AQP4 are also
located in the ear, skeletal muscle, stomach parietal cells, and kidney
collecting ducts [4,10]. In this way, AQP4 prevents us from dying of
dehydration by reabsorption of the water in the kidneys. On the other
hand, the AQP1 present in choroidal plexus, contributes to production
of cerebrospinal fluid [1]. By contrast, many AQP4 inhibitors have
been discovered, including acetazolamide, sumatriptan and rizatriptan,
among others [72,73].

Similar to the insulin receptor located in the cell membrane of the
cells of the body [60]; AQP4 are typically composed of subunit
proteins, which form pores in the membranes of cells [2] and
selectively conduct water molecules through the membrane, while
preventig the passage of ions (such as sodium and potassium) and
other small molecules [1-3]. The structural analysis of the AQP4
molecules has revealed the presence of a pore in the center of each
molecule (Figure 2). Therefore, AQP4 is widely expressed in the
astrocyte cell plasma membrane, and primarily localized in specific
regions such as astrocyte foot processes [5,47,48,55]. Most authors
[3-5,24,52,55,67] believe that AQP4-IgG antibodies against AQP4, at
the level of the astrocyte end-feet, is the primary cause of NMO,
however they do not point out the harmful effect of these antibodies, in
others AQP4 located in other organs of the body as for example in the
kidneys.

H20 H20 Outside of Cell

Astrocytic
Membrane
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Cellular Cytoplasm w6

Figure 2: Normal AQP4 (blue color) located in the astrocytic
membrane. Each AQP4 molecule has a pore in the center, which
selectively conducts water molecules.

Autopsy findings have shown evidence that abrupt astrocyte
destruction precedes demyelination in NMO [46,62,74]. That is, the
astrocyte is damaged first, followed by the oligodendrocyte and finally
the axons (demyelination and neuronal loss). AQP4 antibody (or
AQP4-AD) is positive in a high percentage (about 73%) of NMO
patients and it is directed against this water channel richly expressed
on foot processes of astrocytes [3,9,12,22,46,55]. That is, AQP4
antibodies are not specific for AQP4 antigens. In conclusion, there is
evidence that AQP4-IgG antibodies produced by leukocytes (T and B

lymphocytes and plasma cells) in the blood stream, they cross the
injured BBB to act on the AQP4 antigen distributed throughout the
astrocyte membrane, especially on the astrocyte end-feet.

Medical treatment of NMO is directed to the management of acute
attacks and prevent future exacerbations [9,11,18,52]. Six medications
are used: azathioprine, rituximab, prednisone, methotrexate,
mycophenolate mofetil and mitoxantrone. Moreover, recently I
reported to a 45-year-old woman who suffered advanced NMO [21].
She received omental tissue on the prechiasmatic space, optic chiasma
and anteromedial surface of the left temporal lobe. One day after
surgery, she experienced neurological improvement in recent memory,
motor on her limbs and days later, visual improvement. Results similar
to previous experiences with omental transplantation on the optic
chiasma and surrounding areas [19,20,50,75]. Neurological
improvement observed in this patient indicates that the disease is
associated with ischemia, hypoxia and inflammation in the optic
chiasma and surrounding structures, especially the pyramidal
pathways at the level of the internal capsules. Because the omentum
causes revascularization (neoformation of blood vessels) in underlying
and adajacent zones to the omental tissue, and through these
neovessels, the affected nervous tissue receives an increase in blood
flow, oxygen, neurotransmitters, neurotrophic factors, adipocytokines
and omental stem cells [20,50,76].

Oligodendrocytes and Multiple Sclerosis

The subventricular zone (SVZ) of the lateral ventricles, especially
from the sphenoidal horn, is the origin of the neurons and glial cells
[36,80]. Oligodendrocytes precursor cells, which appear in the late
embryonic and postnatal periods, mature into oligodendrocytes (from
the bipolar form, proliferation, migration and differentiation) [77,78]
and form myelin in the postnatal brain [54,66,79,80]. In the
cerebellum, the majority of oligodendrocytes are originated from
ventral rhombencephalon and to a lesser extent from the cerebellar
SVZ [81,82]; meanwhile in the spinal cord, the oligodendrocytes are
originated from the ventral regions of the embryonic cord several
weeks before myelination [81,83]. Therefore, infants born prematurely
are at high risk to develop white matter injury due to exposure to
ischemia and hypoxia insults [36,78]. Such perinatal insults negatively
impact the maturation of oligodendrocytes, thereby causing deficits in
myelination [75,78].

In adults, three types of oligodendrocytes have been described in
the CNS [77,78, 80,81,84]: 1) interfascicular oligodendrocytes (i-OLs),
2) satellite oligodendrocytes (s-OLs) and, 3) perivascular
oligodendrocytes(p-OLs). The first, the i-OLs are responsible for the
myelination of axons of the CNS and are located in rows parallel to the
nerve fibers. An oligodendrocyte have many extensions that are
wrapped around axons of several neurons, so that a single
oligodendrocyte can extend its processes to 50 axons, wrapping
approximately 1 um of myelin sheath around each axon; while a
Schwann cells in the PNS can wrap only one axon [81,85]. The second,
mostly s-LOs are closely opposed to the soma of neocortical layer 5
pyramidal neurons [86] and are the most metabolically active of the
neuroglia [87]. In smaller quantity, other s-LOs are located in the
periventricular gray matter were clearly seen to be remyelinating axons
and other cells seem to play ejector function on the muscles of the
cavernous tissue of the male sex organ. That is, these cells are related
with remyelinating and causing the exit of sperm [81,86,87]. The third,
the p-OLs are associated with the capillary complex of the cerebrum
and little is known about their function [84,87].
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Myelination occurs primarily in the postnatal period [79,85,88,89].
Each interfascicular oligodendrocyte send several processes that cause
rolling in successive turns around the axon, but separated by the node
of Ranvier (or myelin-sheath gaps). Besides, several studies have
demonstrated the presence of perinodal astrocyte processes at nodes of
Ranvier in the CNS, suggesting that astrocyte participate in the
formation of mature central nodes [64]. So that, each axon is
surrounded by spiral sheets of double membranes, from a few up to
100 or more depending on the diameter of the fiber [85,88,89].

Myelin is a lipid-rich membrane and in situ, the water represents
about 40%. The dry mass of both CNS and PNS myelin is characterized
by a high proportion of lipids (about 70 to 85%); of which the main
lipids present in the myelin sheath are cerebrosides, cholesterol,
lecithin’s, phospholipids and, to a lesser extent, sphingomyelins, and
consequently, a low proportion of proteins (15 to 30 %) [85,88]. The
main proteins of the CNS myelin include: proteolipidic protein, basic
proteins and glycoproteins These myelin proteins of the CNS are
different from those of the PNS, in variety and proportion. The myelin
in the human CNS have more proteins than in monkey [89,90]. Myelin
oligodendrocyte glycoprotein (MOG), is a myelin protein solely
expressed at the outermost surface of myelin sheaths and
oligodendrocyte membranes [54]. This makes MOG as a target auto
antigen of MOG antibodies, and cellular and humoral response in
demyelinating diseases [8,54,65]. MOG antibodies are also detected in
other demyelinating diseases.

Currently the objective of MS treatment is aimed at preventing
disability and reducing the course of the disease. Interferon beta (IFN-
beta) was first approved by the FDA for MS treatment [28,30]. Other
medications are used for the same purpose, such as glatiramer acetate,
monoclonal antibodies, natalizumab, rituximab and methotrexate
among others [28]. In my opinién, I think clonazepam can also be
used to decrease chronic stress by its action on GABA-ergic receptor in
the hippocampus [38]. From the surgical point of view, they have been
used rhizolysis for neuralgia and rhizotomy for spasticity and deep
brain stimulation, among other neurosurgical techniques in the
treatment of symptoms of MS [91]. However, based on neurosurgical
experiences with omental transplantation on the optic chiasma,
anterior perforated space and anteromedial temporal lobes
[19-21,50,75], I think that the same surgical technique can decrease
chronic stress and thus prevent relapses. Because in this way we
revascularize the hypothalamus, temporal lobes and surrounding
structures and thus, we normalize the function of the HPA axis.

Etiological Agents of NMO and MS

The etiological agents that cause the production of antibodies
(autoimmune reaction) against of AQP4 and MOG in the bloodstream
are not known. But based on the onset of the clinical data and
associated with chronic stress, I believe that both diseases (NMO and
MS) are initiated in the limbic system and hypothalamus caused by
ischemia [21,34,75], which causes hyperactivity of the HPA axis,
among other axes [20,32,33,37,38]. Thus, during chronic stress,
continuous exposure to cortisol induces desensitization of
glucocorticoid receptors in lymphocytes, monocytes and macrophages
and on the other hand, high levels of catecholamines cause the
synthesis of proinflammatory proteins.

Whatever the etiological agent, what we know is that the AQP4-
antibodies and MOG-antibodies, both cross the injured BBB to affect
the astrocytes and oligodendrocytes, respectively. The majority of

investigators believe that exogenous and/or endogenous harmful
agents of origin are the etiological agents that they damage to the
intima of the arteries, BBB and to the blood cells (leukocytes and
plasma cells) [35,56,58,59,62,63].

In addition to the inflammatory cytokines secreted by adipose tissue
[60,76], the intima and blood cells also release a series of antibodies
and cytokines such as IFN-gamma, MMPs, TNF-alpha, NF-kB, IKK-
beta, and Interleukins, among others [35,45,55,61,63]. It seems that
MMP-9, IFN-gamma, TNF-alpha and IL-6 are the main cytokines
causing damage to the BBB [53,58,63] and thus, the antibodies against
the AQP4 or MOG cross the injured BBB and then, the activated
leukocytes(neutrophils, monocytes and eosinophils) migrate to the
perivascular space, where they cause different degrees of temporary
inflammation. In my opinion, the onset and clinical course (periods of
relapses and remissions) of both diseases is related to vascular
anomalies of the circle of Willis [75,92,93], atherosclerosis [21,34,94]
and stress [32,39,41,48]. In this way, vascular anomalies and
atherosclerosis can cause varying degrees of ischemia and hypoxia ,and
cause hyperexcitability of the HPA axis. Thus we would explain the
temporal and changing location of the damage within the CNS, due to
circulating antibodies in the bloodstream. So the damage to AQP4
molecule causes destruction of the astrocytes, followed by
demyelination, and the injury to MOG molecules would cause damage
to the oligodendrocyte-myelin complex. Therefore, pathologically in
the affected zone of NMO or MS there are loss of astrocytes and
oligodendrocytes, inflammation, demyelination, neurodegeneration
and atrophy.

Conclusion

To date, the specific etiological agents that cause NMO or MS are
not unknown. But we do know that these harmful agents cause the
production of antibodies (autoimmune reaction) in the bloodstream,
which (AQP4 and MOG antibodies) in company of inflammatory
cytokines cross the injured BBB to affect the astrocytes and
oligodendrocytes; followed by perivascular inflammatory reaction due
to activated leukocytes. Thus the AQP4 antibodies act on the AQP4
antigens of astrocytes and cause NMO, while the MOG antibodies will
act on MOG antigens to cause MS. However, the antibodies are not
totally specific for NMO and MS. As a result of this, there is a
perivascular pathological change characterized by loss of astrocytes
and oligodendrocytes, demyelination, inflammation,
neurodegeneration and atrophy.

As the etiological agents are not known, the treatment is aimed at
reducing the symptoms and signs through drug therapy and some
surgical procedures. Relapses in both diseases are directly related to
chronic stress and, however, there is almost no treatment to decrease
hyperexcitability of the HPA axis. For these reasons, I think that an
omental transplantation on the optic chiasm and anteromedial
temporal lobes can normalize the function of the HPA axis and thus
reduce chronic stress as well as activate the immune system. Because
the omentum causes revascularization, provides omental stem cells,
and favors the proliferation of neural stem cells from the SVZ of the
sphenoid horn.
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