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Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease that
primarily affects the central nervous system (CNS). The disease
occurs when the immune system mistakenly attacks and damages
the myelin sheath, a layer of lipid substance that surrounds and
protects nerve fibers in the CNS'. Myelin acts as an insulator,
facilitating the transmission of nerve impulses between the brain
and the rest of the body. As a result of this immune response,
the myelin sheath becomes damaged and forms scar tissue, or
sclerosis, which disrupts the transmission of nerve impulses along
the affected nerve fibers. This can lead to a range of neurological
symptoms, including muscle weakness, lack of coordination,
blurred vision, fatigue, and cognitive impairment?.

With over 2.8 million people worldwide affected by MS,

Pharmacology Discovery Services (PDS) offers efficacy

testing for MS research that includes a deepening
understanding of the disease and developing treatments.

MS is a complex disease that can progress in different ways,
depending on the pattern of relapse and remission. Relapsing-
remitting MS (RRMS) is the most common form, characterized by
periods of symptom exacerbation followed by periods of recovery.
Primary progressive MS (PPMS) is less common and typically
progresses steadily over time without remissions. Secondary
progressive MS (SPMS) follows an initial relapsing-remitting
course but later transitions to a more progressive phase, with

or without relapses®.

Adults in their late twenties and early thirties are most prone to
the disease, with an average global age of diagnosis at 32. Women
are more likely to develop the disease than men, by a 2:1 ratio.

Molecular Events in MS

MS also appears to be more common in regions located at higher
latitudes, such as northern Europe and Canada, suggesting a
potential role for Vitamin D deficiency in disease development®.

While the exact cause of MS is unknown, it is believed to be a
combination of genetic and environmental factors that trigger an
autoimmune response. Genetic factors appear to contribute to MS
susceptibility, as the disease tends to cluster in families. Several
genes, including the human leukocyte antigen (HLA) genes, have
been identified as potentially involved in MS development, and
variations in these genes have been associated with an increased
risk of developing the disease?. However, genetic factors alone
do not explain the development of MS, as the disease is not
directly inherited in a simple pattern. Environmental factors also
appear to play a crucial role in MS development. Factors such as
geographic location*, exposure to infectious agents® and toxins,
including cigarette smoke and solvents, have been implicated

as potential triggers of MS Lifestyle factors, such as diet and
stress, may also influence MS development and progression®. A
better understanding of the complex interplay of genetic and
environmental factors that are involved in the development of
MS may lead to improved prevention and treatment strategies
for this challenging disease.

Currently, there is no cure for MS, but there are several disease-
modifying therapies available that can help slow the progression
of the disease and manage symptoms. Treatment options
include corticosteroids to reduce inflammation during relapses,
immunomodulatory drugs to modify the immune response, and
symptom-specific medications to manage individual symptoms’.
Ongoing research into the causes and treatments of MS offers
hope for better outcomes and improved quality of life for those
affected by this challenging disease.

At the molecular level, MS is characterized by inflammation,
demyelination, and axonal damage in the CNS.

The inflammation in MS is characterized by the infiltration of the
CNS parenchyma with immune cells, particularly T cells and B
cells, which recognize self-antigens, including myelin antigens,
as foreign. This leads to the activation of these immune cells,

as well as parenchymal elements, including astrocytes and
microglia, and the production of pro-inflammatory cytokines,
such as interleukin-1 (IL-1), interleukin-6 (IL-6), interferon (IFN)-y,

! ]

IL-23, and IL-17. These cytokines contribute to the activation
and recruitment of more immune cells to the CNS and further
exacerbate the inflammatory response®.

The recruitment of immune cells to the CNS is also mediated
by chemokines, such as CCL2, CXCL10, and CXCL12, which act
as chemoattractants for immune cells. These chemokines are
produced by immune cells, glial cells, and endothelial cells and
are uprequlated in MS lesions®.




Demyelination in MS involves the breakdown of the myelin sheath
that surrounds axons, leading to axonal damage and dysfunction.
This process is mediated by the activation of immune cells,
particularly T cells and macrophages, and the release of toxic
molecules, such as nitric oxide and reactive oxygen species, which
damage the myelin sheath and axons®.

In Vivo Models of MS

Axonal damage in MS can lead to neuronal degeneration and
permanent neurological deficits. The loss of axons also leads

to the activation of glial cells, which further contributes to the
inflammatory response and can exacerbate disease progression.
Astrocytes can release pro-inflammatory cytokines and
chemokines, while microglia can phagocytose myelin debris and
release pro-inflammatory cytokines and reactive oxygen species®.

There are several different animal models of MS that have been
used in research, each with its strengths and limitations. These
models include experimental autoimmune encephalomyelitis (EAE),
Theiler's murine encephalomyelitis virus-induced demyelinating
disease (TMEV-IDD), toxin-induced demyelination, and genetically
engineered mouse models'.

TMEV-IDD is another animal model of MS that uses a viral
infection to induce CNS inflammation and demyelination. The
model involves the injection of Theiler's murine encephalomyelitis
virus, which infects and damages oligodendrocytes, the cells that
produce myelin in the CNS. The immune system then responds

to the viral infection and attacks the infected oligodendrocytes,
leading to inflammation and demyelination in the CNS™.

Toxic models of MS involve the administration of chemicals or
toxins that induce demyelination in the CNS. One such model

is the cuprizone-induced demyelination model, which involves
the administration of cuprizone, a copper chelator, to mice

in their diet, resulting in cell death of oligodendrocytes and
subsequent demyelination in the CNS, as well as activation of
astrocytes and microglia™. Another toxic model of MS is induced
by lysolecithin, an activator of phospholipase A2. Upon local
injection of lysolecithin, demyelination at the focal area arises
from the primary toxic effects of detergent on the myelin sheaths
and not from the secondary effects on oligodendrocytes'™. Toxic
models of MS have provided valuable insights into the process
of demyelination and remyelination processes in the disease and
have been used to test the efficacy of potential remyelinating
agents. However, these models have limitations, including a lack
of immune system involvement, which is a key feature of MS
pathogenesis.

Genetically engineered mouse models involve the manipulation of
specific genes involved in MS development and progression. One
common transgenic mouse model of MS involves the manipulation
of the myelin oligodendrocyte glycoprotein (MOG) gene. Mice that
express MOG develop an autoimmune response against MOG and
exhibit inflammation and demyelination in the CNS™. Transgenic
mouse models can provide insights into the role of individual genes
in the disease process and can be used to test the efficacy of new
therapies targeted at specific pathways.

Experimental autoimmune encephalomyelitis (EAE) is the most

widely used animal model of MS. It involves the injection of
myelin antigens along with adjuvants to induce an autoimmune

response in the animal, leading to inflammation and demyelination

in the CNS". The model has provided valuable insights into the
pathogenesis of MS and has been used to test the efficacy of
potential therapies that have been approved by the FDA, such as
natalizumab, fingolimod, glatiramer acetate, alemtuzumab, and
dimethyl fumarate'.

Among these models, EAE is the most widely used due to
several advantages:

1) EAE is a highly reliable and reproducible model that can be
induced consistently in various animal species and strains,
which makes it easier to study and compare results across
different experiments.

2) Itis relatively simple to induce and monitor, requiring the
injection of myelin antigens along with adjuvants to
induce an autoimmune response in the animal, leading to
inflammation and demyelination in the CNS.

3) EAE can replicate some aspects of the human MS disease
course, including the relapsing-remitting pattern or the
progressive form of the disease, which allows researchers to
study the underlying mechanisms and test the efficacy of
new therapies.

4) Additionally, EAE models involve an autoimmune response,
which makes it easier to study the immune system's role in
MS development and progression.

5) EAE has also been shown to be a valuable predictor of
the efficacy of therapies in human clinical trials, making
it a valuable tool for drug development. While other animal
models of MS have their own advantages, EAE's reliability,
reproducibility, and ability to replicate some aspects of
human MS have made it a popular choice for MS research.




Types of EAE Model

EAE can be achieved by two different procedures:

® A passive transfer, in which the myelin-specific T cells from
a donor animal are transplanted into a recipient animal

® An active immunization, which could be induced by injecting
myelin basic protein (MBP), proteolipid protein (PLP), and
myelin oligodendrocyte glycoprotein (MOG)

MBP-induced EAE models have been widely used in rodents to
study the disease. However, the disease course in these models can
be variable, and they may not replicate the clinical or histological
features of human MS. PLP-induced EAE models, which have also
been used in rodents, are characterized by a relapsing-remitting

disease course that more closely resembles the clinical course of
human RRMS than other EAE models. MOG-induced EAE models are
characterized by a monophasic or chronic disease course that can
mimic the clinical and pathological features of human PPMS'>'&,

The type of adjuvant used in EAE models can also affect the disease
course and severity. For example, complete Freund's adjuvant (CFA)
is a potent adjuvant that can induce severe EAE, while incomplete
Freund's adjuvant (IFA) is a milder adjuvant that can induce a less
severe disease course. Other adjuvants, such as pertussis toxin,

can also be used to enhance disease severity and accelerate

disease onset'.

PDS offers efficacy testing using the MOG-induced EAE model,

which has several applications in MS research, including

studying the underlying mechanisms of the disease, identifying

biomarkers, studying genetic and environmental factors, and

developing and testing new therapies.

Procedure Summary

The animals, groups of 10 female 8- to 12-week-old C57BL/6 mice,
will be immunized with MOG,, ,,/CFA emulsion subcutaneously (SC)
at two sites per animal (0.1 mL/site) on Day O, as well as pertussis
toxin (PTX, 0.1 mL) intraperitoneally (IP) on Day O and Day 1.

Following immunization, animals will develop a clinical disease that
mimics many aspects of MS, including inflammation, demyelination,
and axonal damage. The clinical signs of EAE typically include

limb paralysis, ataxia, and loss of body weight. Disease severity is
assessed using a standardized scoring system, such as the 0-5 scale
developed by the National Multiple Sclerosis Society®.

For efficacy testing, the vehicle, the test articles, and the positive
control, fingolimod at 3 mg/kg, will each be administered orally
once daily starting on Day O for a total of 21 days. Body weight
and clinical score will be recorded daily during the study period
(Figure 1). On Day 29, animals will be sacrificed after disease
scoring and body weight measurement, and the blood sample will
be collected for hematology analysis. Immediately after the blood
collection, the brain and spinal cord samples will also be harvested
for histopathological evaluation. Other measurements that can also
be requested include behavioral testing, flow cytometric analyses
of immune cells in the spleen, lymph nodes, or CNS tissues, and
immunohistochemistry (IHC) etc.
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Figure 1. MOG-indued EAE model. In the EAE-vehicle control group, the disease onsets at around Day 12, and peaks at about Day 19.
The repeated administrations of fingolimod dose-dependently and significantly relieves the disease progression.

Summary

Multiple Sclerosis (MS) is an autoimmune disease that affects the most widely used, replicating some aspects of the human disease
central nervous system, caused by the immune system attacking course, allowing researchers to study the underlying mechanisms
the myelin sheath surrounding nerve fibers, resulting in neurological ~ of relapses and remissions, and test the efficacy of new therapies.
symptoms such as muscle weakness, blurred vision, and cognitive Among EAE models, MOG-induced EAE has several applications in
impairment. MS has different progression patterns, with relapsing- MS research, including studying the underlying mechanisms of the
remitting MS (RRMS) being the most common form. While the disease, developing, and testing new therapies, studying genetic
exact cause of MS is unknown, genetic and environmental factors and environmental factors, and identifying biomarkers. Ongoing
are believed to trigger an autoimmune response. Treatment research into the causes and treatments of MS offers hope for better
options include corticosteroids, immunomodulatory drugs, and outcomes and improved quality of life for those affected by this
symptom-specific medications. In animal models of MS, EAE is the challenging disease.
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