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Abstract

Multiple sclerosis (MS) is the most common chronic demyelinating disease of the central nervous system (CNS), with an autoimmune

inflammatory mechanism, but the immunological analysis, described in the pathogenesis of the disease, is not attributed or significantly placed
in the universally used criteria. In this regard, this literature review aims to highlight immunological aspects that can be attributed both to the
diagnosis and treatment of MS. In this sense, this review compiled and interpreted 41 articles found published between 2010 and 2020, indexed
on the platforms: PubMed, Scielo and LILACS. Of these only 6 articles contained the proposed inclusion criteria. It was possible to show that CD4 T
lymphocytes are activated by antigen presenting cells (microglia and B lymphocytes), adopting Th1 profiles (producing IFN-y and TNF-a) and Th17
(producing IL-17 and IL-22); from the activation of B lymphocytes, they are differentiated into plasmocytes that will produce IgG4; due to the action
of autoreactive lymphocytes, there is an inflammation at the neuronal level that triggers demyelination. In this sense, it is concluded that there is
a need to encourage more research regarding the reduction of the inflammatory response in relation to MS and also the encouragement of clinical
studies that are already being followed up, given the positive results presented by them and an improvement in the quality of life of their patients.
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Introduction

Multiple sclerosis (MS) is the most common chronic
demyelinating disease of the central nervous system (CNS), with
an autoimmune inflammatory mechanism, affecting in the form of
characteristic lesions called “plaques”, the white substance of the
brain stem, cerebellum, spinal cord and optic nerve [1,2]. The tissue

damage in MS results from a complex and dynamic interaction
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between the immune system, glial cells and neurons. However,
this autoimmune inflammatory aggression, characterized by a
lymphocytic infiltrate that crosses the blood-brain barrier, over the
myelin sheath of the CNS axons, leads to the loss of trophic factors
produced by this protective layer, promoting a permanent axonal

degeneration, resulting in a series of motor and sensory signs and
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symptoms [3,4]. Worldwide, it affects about 2.5 million people and
within that amount, 35 thousand are Brazilian [5]. Among those
affected, most of them are young adults between 20 and 40 years
of age. In Europe and North America, MS is considered a highly
prevalent disease, since for every 100,000 inhabitants, 60 to 200
sick individuals are found [6]. This reality does not correspond to
South America, which has a rate of less than 5 cases per 100,000

inhabitants, that is a low prevalence [7].

In Brazil, the incidence is about 5-30 cases per 100,000
inhabitants, but varies according to the region [6]. In addition,
there are studies that show that the disease predominates in white
women with the outbreak-remissive form in the national and
international context. However, in a study in Rio de Janeiro, 31.8%
of black patients were found. In general, MS is a rare disease among
blacks, it is believed that the largest number of blacks in Brazilian
studies is due to a change in genetic susceptibility as less favored
socioeconomic conditions and to the racial mixture present in the
Brazilian people [8].

Regarding the etiology of MS, this remains unknown, however,
it is believed to be caused by immune dysregulation triggered
by genetic and environmental factors [9]. Although MS is not an
inherited disease, there is a strong genetic componentin its etiology,
as evidenced by the grouping of MS cases in families. The risk of
MS among first-degree relatives with MS is 10 to 50 times higher
than the general population (absolute risk 2 to 5%); the agreement
rate in monigotic twins is about one third [10,11]. Linkage analysis
studies have revealed several genetic sites as risk factors, with the
HLA DR15/DQ6 allele being the main histocompatibility complex
(MHC) the strongest [12,13]. Alleles of the interleukin-2 receptor
alpha gene (IL2RA) and the interleukin-7 receptor alpha gene
(IL7RA) have also been identified as inheritable risk factors [13,14].
However, most of the genetic factors underlying susceptibility have
yet to be defined. In addition, in the autoimmune hypothesis, the
demyelization process begins with activation of peripheral CD4
+ T cells with reactivity to myelin. However, in this hypothesis,
unlike the viral infectious hypothesis, the cause of activation is
unknown. Activated CD4 + T cells cross the blood-brain barrier,
genetically altered, towards the Central Nervous System, aided
by an increase in the number of adhesion molecule receptors
expressed by endothelial cells [15]. According to Dos Santos et al.
(2005) [16], myelin autoantigens, especially Basic Myelin Protein
and Myelodendritic Glycoprotein, are presented by macrophages to
these CD4 + T cells, triggering a cascade that releases inflammatory
mediators and culminates in the injury, or even destruction, the
myelin sheath. In addition to the action of T cells, we observed the
participation of B cells in the infiltrate and the action of antibodies
on the surface of the myelin that acts in the demyelination
process, in addition to molecules of the Complement System
[17]. Currently, early treatment of MS is expected to be related to
preventing the patient’s long-term disability. These treatments can
be immunosuppressive or immunomodulatory, which implies that
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it is necessary to control inflammation and, consequently, disease
activity. The closest that has ever come to a potential cure has been
immune reconstitution therapies [18]. A concept in treatment has
recently been developed that suggests that clinical recurrences of
the disease are a small part of the disease, which is “no evidence
of disease activity” or NEDA. This fact arose from the perception
that scholars had about continuous inflammatory activity. It was
observed that even cerebral atrophy occurred even at times when

the disease was not clearly active [18].

This literature review aims to highlight immunological aspects
that can be attributed both to the diagnosis and treatment of MS.

Methodology

Itis an integrative literature review, which allows the evaluation
and synthesis of evidence and knowledge about the phenomenon
studied, by understanding its current state, as well as proposing
effective interventions in health care. For this, six methodological
steps of the review were carried out. The first stage consisted in
the elaboration of the hypothesis starting from a guiding question
of the research, that is, identification of the problem, search engine
to be adopted and the descriptors or keywords. The second step
was the establishment of inclusion and exclusion criteria for the
articles to be selected to compose the sample. The third stage was
an exploratory reading of the abstracts, making a pre-selection
of the studies. In the fourth stage, an analytical reading of the
studies was carried out in order to gather, analyze and categorize
the information pertinent to the investigated problem. In the fifth
stage, the results were interpreted. In the sixth and final stage, the
synthesis and presentation of the identified results was promoted,
as well as recommendations for further studies.

Once the theme was defined, the following guiding question
was elaborated: what is the evidence in the evolution of scientific
production on approaches that can modify the immune response
in patients with multiple sclerosis? The research on scientific
production was carried out in 2020, through a bibliographic
survey in the databases of the National Institutes of Health -
PubMed, Electronic Scientific Online Library - Scielo and Latin
American and Caribbean Health Sciences Information System
- LILACS , in order to map articles relevant to the theme. For this
purpose, the keywords multiple sclerosis, encephalopathies,
encephalomyelitis, immunology, macrophages, lymphocytes,
interleukins, autoimmunity, isolated and in association, were used
in order to find similar themes published until today. Altogether,
with the association of keywords, 41 articles were found. These
were filtered with respect to Portuguese, English and Spanish,
publications from January 2010 to June 2020, full texts online,
being case reports, case series, original articles, retrospective,
prospective and observational studies, with themes related to
mechanisms related to multiple sclerosis immunopathogenesis and
the main check points as immunotherapeutic targets (figure 01).

Literature review articles, publications before January 2010 and
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after December 2020, languages other than English, Portuguese or
Spanish, and articles do not complete in full or with themes that did

not resemble the proposal in the work were also excluded (Figure
1).
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Figure 1: Flowchart of the selection process of articles found and included in the review, in Lilacs and PubMed / Medline - Uberaba / MG,
2020.
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Results and Discussion

In the time frame established for this study (2010-2020), 6
publications were found and analyzed. In 2014, 2015 and 2017 1
article (50%) was published each year respectively, in 2018 there
are 2 publications (33.3%) and in 2019 only 1 publication in the
year (16.7%). The publications resulted from different journals:
Acta Medica Iranica, MAbs, Multiple Sclerosis Journal, Frontiers
in immunology, JCI insight and Proceedings of the National
Academy of Sciences (PNAS). Analyzing the study places of the
articles, each one was carried out in a different location, being:
Iran (16.6%), Switzerland (16.6%), USA (16.6%), Canada (16.6%),
Australia (16.6%) and Spain (16.6%). Multiple Sclerosis (MS) is an
autoimmune and neurodegenerative disease of the Central Nervous
System (CNS) The pathophysiological process basically consists of
an intense inflammatory process that evolves with demyelination
and axonal loss [19]. This autoimmunity that evolves with
inflammation is due to the imbalance of different subsets of T cells,
especially those of the Th1 and Th17 profiles [20], associated with
antibodies (IgG4) against myelin peptides [21].

Thus, different that this

pathophysiology from infectious processes, autoimmune processes

currently, aspects explain
and genetic mutations. Based on these understandings, therapeutic
measures have been developed, even if experimental, that can
be used effectively for the clinical improvement of patients. An
example of this is the clinical trial carried out with 13 patients, in
which 10 received a complete therapeutic plan with specific T cells
for the Epstein Barr virus (EBV), 4 with T cells with weak reactivity

to the virus and 6 with high reactivity to the virus. Among those who

Citation: Ana Karina Marques Salge, George Kemil Abdalla, Douglas Reis Abdalla. Immunological Aspects Related to the Pathophysiology of
Multiple Sclerosis and the Possible Checkpoints for Target Therapy: An Integrative Literature Review. Arch Neurol & Neurosci. 10(2): 2021.

ANN.MS.ID.000731. DOI: 10.33552/ANN.2021.10.000731.

received the dose of high reactivity, all had objective symptomatic
neurological improvement, associated with reduction and fatigue.
As for those who received low reactivity, only 25% showed
improvement similar to the other group [22]. This is explained
because in other studies it has been shown that EBV-specific T cell
therapy should kill EBV-infected B cells in the CNS and thus prevent
disease progression and lead to clinical improvement. And the
relationship with MS is that EBV infection may be the precursor
to the inflammatory process in the CNS [22]. In this perspective of
devising a method of symptom improvement and even reaching the
cure of MS, a Canadian clinical study, in phase 2, with 24 individuals,
evaluated the autologous transplantation of hematopoietic stem
cells to treat the aggressive form of MS. The researchers found that
there was an increase in Natural Killers (NK) cells providing initial
co-stimulation that supports the induction of a Th17 response,
but followed by cytotoxicity which limits these cells. Thus,
these data suggest that the rapid reconstitution of NK cells after
transplantation contributes to suppressing the resurgence of Th17
cells and thus reducing the inflammatory process, which is at the
heart of MS [20]. In this sense of suppression of T cells for remission
and treatment of MS, a North American study, randomized double
blind clinical study, with 123 individuals, evaluated the efficacy and
safety of the co-stimulatory block made by the CTLA4-Ig fusion
protein abatacept, when associated with T lymphocyte in MS. In
general, there was neither clinical improvement nor reduction in
the number of classic lesions on magnetic resonance imaging of
the skull. However, since there was no worsening of the patients’
condition or the appearance of new lesions, these antibodies are
potentially effective and there is a need for further studies [23].
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As regarding to the use of monoclonal antibodies in the
treatment and clinical improvement of patients with MS, a clinical
study in phase 1, first developed on animals and already tested on
2 volunteers, showed that GNbAC1, a humanized 1gG4 monoclonal
antibody, targets the retrovirus envelope protein associated with
MS, is promising and both animals and humans beyond its safety
[24]. This specific study demonstrates the need for investment
in research with monoclonal antibodies, mainly for safety and
efficiency. Finally, it is worth mentioning that there are measures
beyond direct therapy with the introduction of antibodies or
transplants to improve the patient with MS. Randomized clinical
trial, Iranian, carried out with 101 participants, of middle age, of
both sexes, evaluated the effect of vitamin supplementation with
the levels of cytokines and the genetic expression of patients
already diagnosed with MS. It was concluded that 100% of the
participants had a response to treatment, this being partial or total.
Thus, evidencing that retinol and its metabolites have a promising
possibility of preventing inflammatory processes in the CNS, in
addition to the neurodegenerative process. This, therefore, shows

regression of the disease [19].

In this sense, figure 02 summarizes the pathophysiological
process of multiple sclerosis in terms of immunological aspects
and possible checkpoints for the target therapy. The numbers 1 to
4 represent the etiopathogenesis of multiple sclerosis (MS). The
letters A to C are the factors that modulate the immune response
of MS. 1) In the presence of viral infections by Epstein-Barr (EBV)
and multiple sclerosis-associated retrovirus (MSRV), an immune
response is initiated. 2) LTCD4 are activated by antigen presenting
cells (APC), such as microglia and B lymphocytes. They adopt a
Th1 profile, producing IFN and TNF, and a Th17 profile, producing
IL-17 and IL-22. 3) LB differentiate into plasmocytes, which will
produce IgG4. 4) Neuronal inflammation occurs, which triggers
demyelination due to the action of autoreactive lymphocytes. A)
The IgG4 monoclonal antibody, GNbAC1, acts on the MSRV envelope
protein. B) Abatacept CTLA4-Ig fusion protein performing co-
stimulatory block when associated with LT. C) Retinol acting against
inflammatory and neurodegenerative processes (Figure 2).
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Figure 2: Representation of the pathophysiological process of multiple sclerosis: immunological aspects and possible checkpoints for the target

therapy. Created with BioRender.com.
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Final Considerations

MS is the most common chronic demyelinating disease of the
central nervous system, resulting from a complex and dynamic
interaction between the immune system, glial cells and neurons.
However, it was evident that the criteria commonly used for
the pathogenesis of MS lack immunological aspects that assist
in the diagnosis and treatment of the disease. Therefore, it is
concluded that there is a need for further research related to the
immunological aspects attributed to the diagnosis and treatment of
MS, which are linked to the reduction of the inflammatory response.
Notwithstanding, clinical studies already underway lack incentive,

given their promising results and the improvement in the quality of
life of the patients involved.
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