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Abstract: 

Multiple sclerosis (MS) is a chronic inflammatory disease affecting the central nervous system (CNS), 

characterized by immune-mediated assaults on the myelin sheath. This autoimmune disorder 

primarily impacts young individuals and can result in permanent axonal degeneration. The 

manifestations of MS vary, encompassing relapsing-remitting MS, primary-progressive MS, and 

secondary-progressive MS. The etiology of the disease stems from an immune system dysfunction, 

culminating in the obliteration of healthy nervous system cells. Therapeutic approaches for MS are 

geared towards averting exacerbations and protracted functional deterioration, with diverse FDA-

endorsed drugs stratified according to their efficacy in relapse mitigation. The precise origin of MS 

remains elusive; nonetheless, immunomodulated genetic predisposition and environmental factors are 

postulated to exert considerable influence on its onset. 

 

Introduction: 

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS) 

characterized by myelin degradation, axonal degeneration, and neuronal loss. [1]The pathophysiology 

of MS involves numerous cellular mechanisms related to autoimmunity, which contribute to the 

progression of the disease. Inflammatory processes in the brain and spinal cord destroy myelin, 

impairing nerve function. [2]. Besides, Risk factors for MS include age, sex, genetics, environment, 

smoking, injuries, and infections. [3]. The disease is more prevalent in women and commonly occurs 

in Europe and America. In addition, the immune system's adaptive and innate arms are implicated in 

developing MS lesions. CD4+ and CD8+ T cells and B cells are found in active MS lesions and 

contribute to the inflammatory response. Aberrant lymphocyte activity, particularly Th1 and Th17 
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populations, is associated with MS pathogenesis. B cells also produce antibodies against myelin basic 

protein, further contributing to neuronal damage. In addition, myeloid cells, such as macrophages and 

microglia, play a role in myelin and neuronal injury during MS. Also, Epigenetic changes, including 

DNA methylation, histone modifications, and microRNA-associated gene silencing, play a crucial 

role in MS development and progression. [4]. 

Nevertheless, compartmentalized inflammation and its effector mechanisms, such as pyroptosis, are 

strongly associated with MS severity [5]. In addition, DNA methylation, specifically at CpG 

dinucleotides, is a central epigenetic mechanism that can modulate gene expression in MS [6]. 

Furthermore, non-synonymous single-nucleotide polymorphisms (nsSNPs) in MS-related genes can 

affect protein structure and function, potentially contributing to disease pathogenesis [7]. Variants in 

the superoxide dismutase 1 (SOD1) gene, a known cause of ALS, exhibit structural and dynamic 

differences that influence ALS patients' clinical phenotype and survival time. Environmental risk 

factors such as infections, vaccinations, nutritional habits, hormonal factors, and physical and 

chemical agents have also been implicated in MS pathogenesis [8]. In addition, There is evidence of 

gene-environment interactions, with a high burden of autosomal genetic risk interacting with 

environmental risk factors such as childhood obesity and smoking to increase the risk of MS [9]. 

Additionally, certain environmental factors, such as tobacco smoking, low vitamin D levels, and 

Epstein Barr Virus (EBV) seropositivity, have been associated with an increased risk of developing 

MS [10]. In addition, Axonal damage is a key component of disease progression and disability in 

MS [11]. Extensive research has focused on quantifying neurofilament light chain (NfL), a biomarker 

of axonal damage, in MS patients [12]. Studies have shown that axonal damage is most pronounced 

in early, actively demyelinating MS lesions. Serum NfL levels have been found to correlate with acute 

signs of inflammation and can predict disease activity and severity [13]. Advanced technologies such 

as Single Molecular Array (Simoa) have improved the sensitivity and accuracy of NfL quantification, 

making it valuable in clinical settings. Besides, Axonal damage in MS is believed to be caused by a 

combination of immune reactions, oxidative stress, and mitochondrial dysfunction. Immune cells, 

such as T and B cells, can cause demyelination or axonal/neuronal damage [14]. Chronic 

inflammation and microglial cell activation contribute to axonal and neuronal damage [12]. Oxidative 

stress, which leads to tissue injury, is a key factor in neurodegenerative disorders like MS [15]. Axonal 

mitochondria, which provide energy for axons and neurons, are particularly vulnerable to oxidative 

injury [16]. Impaired axo-glial communication, resulting from axonal mitochondrial dysfunction, can 

affect axonal integrity and signaling [17]. These mechanisms and a variably primed immune system 

may lead to the development of MS and its different subtypes. Nevertheless, Blood-brain barrier 

(BBB) dysfunction in (MS) is caused by various mechanisms. One mechanism involves the alteration 

of tight junction proteins, such as claudin-5, responsible for sealing the intercellular space of 

endothelial cells in the BBB [18]. Another mechanism involves the role of repulsive guidance 

molecule-a (RGMa) in regulating BBB permeability. RGMa, along with its signaling counterpart bone 

morphogenetic protein 2 (BMP2)/bone morphogenetic protein receptor type II (BMPRII), is increased 

in MS and leads to the breakdown of the BBB [19]. Additionally, intrinsic impairments in BBB 

function have been observed in MS patients, including impaired junctional integrity, barrier 

properties, and efflux pump activity [20]. Activation of Wnt/β-catenin signaling has been shown to 

enhance barrier characteristics and reduce the inflammatory phenotype in MS-derived endothelial 

progenitor cells [21]. In addition, Endothelial-to-mesenchymal transition (EndMT) is associated with 

BBB dysfunction in MS, contributing to vessel instability and barrier disruption [22]. 

 

Manifestations: 

MS can have physical and psychological manifestations. That includes numbness, facial paralysis, 

difficulty chewing, and blurred vision. [23]. MS can also lead to cranial nerve paralysis, affecting 

facial and extremities nerves. [24]. Psychiatric manifestations of MS can include major depression, 

bipolar disorder, psychosis, anxiety, insomnia, personality changes, cognitive impairment, 

pseudobulbar affect, and substance use disorders. [25]. Also, Hypoxia and inflammation have been 

identified as key factors in the progression of MS, suggesting a "hypoxia-inflammation cycle" that 
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plays a role in disease progression. [26]. Nevertheless, Bladder and bowel dysfunction are common 

symptoms in people with MS and can significantly impact their quality of life. Studies have shown 

that these symptoms are more prevalent in MS patients with higher disability levels and longer disease 

duration. [27]. Besides, Speech and swallowing difficulties are common in individuals with MS. 

Cognitive-linguistic symptoms, such as word-finding difficulties and getting off-topic, are frequently 

reported about communication [28]. Regarding specific speech-related symptoms, self-reported 

problems include speech-related fatigue and imprecise articulation. In addition, Dysphagia in MS 

patients is associated with increased symptoms of psychological stress and decreased use of cognitive 

reappraisal strategies. Additionally, dysphagia is more common in progressive MS courses and is 

related to cerebellar impairment and motor dysfunction. Overall, dysphagia and speech difficulties in 

MS highlight the need for improved access to speech and language pathology services to address these 

symptoms and improve overall functioning and quality of life. Also, Heat sensitivity in (MS) may be 

related to central nervous system conduction deficits and autonomic dysfunction [29]. However, 

objective measurement of autonomic and corticospinal integrity did not contribute to heat sensitivity 

in MS. [30]. In addition, Lack of disease-modifying therapy (DMT) use and self-reported difficulty 

using hands in everyday tasks were strongly associated with heat sensitivity in MS. [31]. 

Nevertheless, Thermoregulatory responses to exercise seem to be preserved in MS, suggesting that 

altered thermoregulation is unlikely to be the cause of reduced distance achieved during exercise tests. 

Heat-sensitive individuals with MS may exhibit thermosensory abnormalities, including threshold 

variations and sensitivity to temperature stimuli. Anomalously warm weather is associated with an 

increased risk of emergency department and inpatient visits for MS-related issues. 

 

Diagnosis: 

The current diagnostic criteria for MS are the MacDonald 2017 criteria, which allow for a safer and 

earlier diagnosis and minimize the risk of overdiagnosis [32]. Besides, Techniques such as spectral-

domain optical coherence tomography (OCT) have been used to identify new biomarkers for the early 

diagnosis of MS [33]. Also,  Image pre-processing steps, including skull stripping and lesion 

segmentation, are critical in the development of computer-aided differential diagnosis tools for 

MS [34]. Additionally, blood and cerebrospinal fluid (CSF) oxidative stress markers have been 

evaluated in subjects with MS, but non-invasive imaging techniques offer real-time assessment within 

the brain. Overall, the use of imaging techniques, along with clinical and biological findings, plays a 

crucial role in the diagnostic process for MS. Nevertheless, Evoked potentials, specifically visual 

evoked potentials (VEPs) and motor evoked potentials (MEPs), can provide insights into the 

underlying neural mechanisms of MS and guide the development of new therapies. VEPs can assess 

neurophysiological dysfunction in the visual pathway, which is important for MS diagnosis and 

preclinical models. [35]. MEPs, on the other hand, can serve as a biomarker to assess pathological 

processes in MS patients that are unseen with conventional imaging. [36].  

 

Treatment: 

The current treatment options for (MS) include disease-modifying therapies (DMTs) that target the 

inflammatory component of the disease and aim to reduce relapse frequency and disability 

progression [37]. There are 19 FDA-approved immunotherapies available in 2021, each with different 

mechanisms of action, routes of administration, efficacy, safety, and tolerability profiles [38]. These 

therapies have shown effectiveness in reducing relapse frequency and accumulation of neurologic 

disability in MS patients [39]. In addition to DMTs, emerging therapies such as CNS-penetrant 

Bruton's tyrosine kinase inhibitors and autologous hematopoietic stem cell transplantation are being 

explored. The management of MS also involves a multidisciplinary approach to address symptoms 

and disability, requiring the participation of various healthcare professionals and the active 

involvement of the patient. It is important to comprehensively understand the available therapies' 

characteristics, indications, safety, and efficacy profiles to tailor the treatment strategy to individual 

patient characteristics. In addition, The most effective treatments for MS in terms of disease 

progression include monoclonal antibody (mAb) therapies such as alemtuzumab, ofatumumab, and 
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rituximab [40]. Other effective treatments include natalizumab and fingolimod [41]. These therapies 

have shown superior efficacy in reducing relapses and disability worsening compared to other disease-

modifying therapies (DMTs) like dimethyl fumarate, teriflunomide, glatiramer acetate, and interferon 

beta [42]. Additionally, newer therapies like ozanimod, ponesimod, and rituximab have also shown 

promise in reducing relapse rates. It is important to note that the effectiveness of DMTs can vary 

depending on the specific outcome measure used, such as annualized relapse rate or disability 

progression [43]. Also, High-dosage corticosteroids, such as methylprednisolone (MP), are often used 

to manage acute MS relapses [44].  Corticosteroids can also be used in combination with other MS 

treatments and during pregnancy and lactation [45]. Nevertheless, Different management approaches 

for (MS) relapses can have potential side effects and risks. Disease-modifying therapies (DMTs) are 

commonly used to reduce the frequency of relapses and the risk of disability progression. However, 

DMTs can have side effects, and their effectiveness may vary depending on the type and stage of MS. 

High-dose immunosuppressive therapy with autologous hematopoietic stem cell transplantation 

(HDIT/AHSCT) is a promising method for treating MS. Still, it carries the risk of serious 

complications. The frequency and severity of adverse effects from HDIT/AHSCT have decreased over 

time due to improvements in treatment protocols and patient selection. Thorough monitoring and 

patient education are essential for managing the potential side effects of MS therapies [46]. 
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