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Introduction

Multiple sclerosis (MS) is one of the most important
debilitating diseases in which the myelin sheaths of
nerve cells in the brain and spinal cord are damaged. In
this review, we aimed to review the pathophysiology
of MS. This impairment causes ability disorder of the
parts of the nervous system which are responsible for
communication, leading to different symptoms
including physical and psychological problems. This
study was conducted through a Narrative review using
keywords including Multiple Sclerosis, Epidemiology
through Search in International Scientific Databases,
including: PubMed, Web of Science, Google Scholar
and Scopus, and Persian scientific databases including:
Barakatkns Knowledge System, Academic Jihad
Database, Iranian Medical Library (Medlib), Magiran
Database, Knowledge Reference (Civilica), and a
search was done on the World Health organization
website. In this review study, using keywords such as
"pathophysiology" and "multiple sclerosis".

ultiple sclerosis (MS) is one of the
most important  debilitating
diseases in which the myelin
sheaths of nerve cells in the brain and spinal
cord are damaged. This impairment cause
ability disorder of the parts of the nervous
system responsible for communication that
can cause many symptoms, including
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physical, psychological and, in some cases,
psychiatric problems (1). The cause of MS is
unclear, although it is believed to be caused
by a combination of environmental factors
including microbial and genetic factors. MS
is usually diagnosed on the basis of signs,
symptoms, and results of medical tests (2).
Previously there was no specific treatment for
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MS until Canadian researchers succeeded in
treating it. Existing treatments are performed
to improve body function after each attack
and to prevent new attacks (3). Although the
medications prescribed for the treatment of
MS are slightly effective, they have side
effects and are difficult to tolerate. Although
there is no evidence of the efficacy of
alternative MS therapies, many people seek
these treatments (4). Predicting the long-term
outcome of treatment is very difficult, but the
most acceptable outcome is seen in women,
those who are younger, those who have
recurrences, and those who have experienced
fewer attacks in the early stages (5). Life
expectancy of people with MS is 5 to 10 years
lower than others (6). Since 2008, 2 to 2.5
million people around the world have been
got MS, while the rates of disease vary widely
in different parts of the world and across
communities. The disease typically occurs at
ages 20 to 50 years and in women it happens
twice as much as men (7). The name
"multiple sclerosis" is referred to ulcers
(staining or in other words plaque or ulcer)
that are found in the white matter of the brain
or spine. The three main features of MS are
lesions in the central nervous system (also
called plaques), swelling, and destruction of
the myelin sheath of neurons (8). These
features interact in a complex and yet not
fully understood way to cause nerve tissue
degradation and produce signs and symptoms
(9). In addition, people believe that MS is a
mediated immune disorder that develops as a
result of an individual's genetic interaction
with environmental factors that are still
unknown (2).

Studies show that at least part of the damage
is caused by an attack on the nervous system
by one's own immune system. MS is more
common in women than in men. The disorder
is most often diagnosed between the ages of
20 and 40, but can be seen at any age. MS is
caused by damage to the protective lining
around the nerve cells called the myelin
sheath. When this nerve covering is damaged,
the speed of the nerve signals decreases or
stops (10). The treatment and management of
MS is  mostly  performed  using
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immunosuppressive agents. The aim of this
study was to review the pathophysiology of
MS by identifying the factors and course of
the disease to improve treatment strategies.

Methods

This study was conducted through a Narrative
review using keywords including Multiple
Sclerosis, Epidemiology through Search in
International Scientific Databases, including:
PubMed, Web of Science, Google Scholar
and Scopus, and Persian scientific databases
including: Barakatkns Knowledge System,
Academic Jihad Database, Iranian Medical
Library (Medlib), Magiran Database,
Knowledge Reference (Civilica), and a
search was done on the World Health
organization website. Unrelated articles and
references were excluded and references
related to our review were studied.

Results

MS is a common disease of the central
nervous system in humans and an
autoimmune disease. The disease is chronic.
MS often affects young adults and occurs two
to three times more in females. In MS myelin
of the nervous system is damaged. The
disease is characterized by multiple lesions in
different regions at different time and
recurrent symptoms. That is, one neurological
symptom improves after a while and at the
other time same symptom or other symptoms
occur again. Symptoms of any attack are
partially remedied, but recurrent disease may
result in a gradual disability (11).

In MS, the clinical symptoms depend on the
location and extent of the lesion, and myelin
degradation usually results in certain areas
such as the optic nerve, brainstem,
cerebellum and white matter of the brain
hemispheres leading to a series of clinical
symptoms in the form of sudden blurred
vision, inability to move limbs, lack of
balance, duplicity, sensory disturbances are
characterized by a feeling of numbness in
limbs and other various symptoms (12). The
course of the clinical signs of MS differs in
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each patient and can occur as a completely
benign disease and the patient is free of
neurological symptoms for many years or a
rapid progressive state occurs in clinical
symptoms associated with disability (13).

Causes

The cause of this fatal disease is not known
yet. Researchers believe that hereditary,
nutritional and environmental factors may be
involved. But some theories have emerged for
the emergence of MS. The most accepted
theory of the cause of MS is considered an
autoimmune  mechanism, in that an
environmental factor such as viral infections
stimulates the immune system and forms
antibodies against the myelin of the nervous
tissue, thereby destroying the nerve myelin
and leading to nervous symptoms (14). MS is
a disease with purported environmental
causes. Consistent correlations have been
found in various settings for latitude, smoking
exposure, sunlight, and vitamin D deficiency.
Genetic factors can influence a person's
susceptibility to the disease. The highest
incidence of MS is in the white population,
and the disease is less common in the yellow
and black. Although genetic susceptibility
explains the clustering of MS cases within
families and the sharp decline in risk with
increasing genetic distance, it cannot fully
explain the geographic variations in MS
frequency and the changes in risk that occur
with migration. Epidemiological data provide
some support for the “hygiene hypothesis,”
The disease is rarely seen in residents of the
equator, but with increasing distance from the
equator and in temperate regions of the North
and South, such as the US, Canada, Northern
Europe and Australia, the disease is more
prevalent. Migration to low-prevalence areas
before age 15 reduces the risk of developing
MS (15).

Outbreak of MS

The occurrence of MS is rare in childhood,
but subsequently increases rapidly until it
reaches its maximum by the age of 30 years
old and remains prevalent until the fourth
decade of life and then rapidly declines, so

10 Tabari Bio Stu Res J - Volume 2 - Issue 2

that MS rarely occurs after 60 years. Due to
hormonal and immune factors, the incidence
of MS in women is 2 to 3 times higher than
that of men. MS is commonly seen in the
upper socioeconomic classes (16, 17).

Clinical symptoms

Initially, the patient has almost no medical
symptoms, but after a few years, the disease
develops. Neurologic symptoms in MS are
various due to different parts of the central
nervous system (CNS) that involved. Due to
the nature of the disease and the different
parts of the nervous system involved as well
as the involvement of geographical factors in
how the disease manifests itself, the
symptoms and especially the first sign of the
onset of the disease and its severity will vary,
so in MS disease a classical, fixed form can
never be found. Since in MS, the optic nerve,
brainstem, cerebellum, and spinal cord are
most ~ commonly  involved, clinical
manifestations of lesions are in these areas
(18, 19).

The most common symptoms at the onset of
the disease are motor weakness, tingling,
vision impairment, sudden blurred vision in
one eye (optic neuritis), diplopia, involuntary
eye movement, impaired word
understanding,  tremor, deep  sensory
impairment and loss of balance, partial
paralysis of the lower limbs and changes in
emotional responses, feeling cramped or
unbalanced, imbalance in the bladder
function as a matter of urgency or delayed
onset of urination. These symptoms are often
transient and resolve within days to weeks,
but over time these symptoms may become
established and the patient may sometimes
have speech, cognitive, mood, and memory
problems (20, 21).

The rapid progression of the disease is rarely
seen, and in most patients the course of the
disease is benign and the symptoms are so
mild that they do not even go to the doctor.

Course of the disease

MS is associated with complete or near-
complete remission in the early stages of
relapse. The time between the first attack and
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subsequent neurological symptoms may be
months to years, after this duration new
symptoms appearing or recurring. The risk of
recurrence after infection and in women
about the first three months after delivery
increases (22). In some patients, over time
and after several relapses and incomplete
recovery, the patient may progress to varying
degrees of limb weakness, muscle stiffness,
sensory impairment, gait imbalance, and
urinary problems. Usually the patient
survives for up to 30 years after the onset of
the disease, and few die at the outset (23).
The course of the disease has many forms,
and most patients suffer from exacerbated
and relieved symptoms and no symptoms
between attacks. Others develop a chronic,
progressive form of MS, and their symptoms
increase over time. Accordingly, MS has
three types of course: 1- recurrent - remedial
that disease does not progress between
attacks, = 2-  Secondary  progressive:
characterized by gradual progression after a
period of recurrence and primary recovery,
and 3- Primary progressive in which the
disability progresses gradually from the
beginning (24).

Methods of diagnosis

The diagnosis may be unclear at the onset of
MS but gradually, the myelin disappears or
the disease recurs, diagnosis will complete.
Brain loss and atrophy can be detected by
MRI. The main cause of delay in diagnosis is
the long hidden period of the disease, which
lasts about 1 to 10 years or more (20).

The diagnosis of MS is made on the basis of
clinical signs and course of the disease and a
history of exacerbation and alleviation of
symptoms, neurological examination
findings, and laboratory studies such as
cerebrospinal fluid (CSF), Visual evoked
potentials (VEP) and central nervous system
imaging (MRI). In patients with MS,
electrophoretic examination of cerebrospinal
fluid (CSF) proteins indicates the presence of
specific bands in the 1gG immunoglobulin
region under the name oligoclonal band.
Visual evoked potential (VEP) is prolonged
and MRIs show lesions of myelin injury in
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the brain, brainstem, cerebellum or spinal
cord that are round lesions with a defined size
ranging from a few millimeters to a few
centimeters (25).

Discussion and Conclusion

Myelin is made up of fat and protein and is
used to cover and aid in nerve fiber
conduction. In MS, plaques (sclerosis) form
on the nerve fibers of the central nervous
system (CNS). When myelin destroys as a
result of plaque formation, nerve fiber
conductance reduces or absent. This
phenomenon, demyelination, causes nerve
messages not sent from the brain. Some nerve
fibers, or axons, never recover from the
effects of demyelination and are damaged
resulting in axonal destruction (2).
Demyelination and axonal degradation can
affect multiple organs and cause symptoms of
the disease. B lymphocyte cells synthesize
antibodies that are involved in myelin
degradation by differentiating into plasma
cells. These protein factors can be seen in the
cerebrospinal fluid of MS patients. In
addition, these cells are involved in the
development of inflammation in the central
nervous system by secreting proinflammatory
agents such as TNFB and lymphotoxin (26).
In addition to inflammation in the CNS, the
myelin regeneration process is also impaired
in patients with MS. By binding the Fas
ligand synthesized by the lymphocytes to the
Fas receptor on the oligodendrocyte cells, the
apoptosis program of these cells is activated
and the population of these cells is reduced
and thus demyelination will also face
problems (27). In many cases, after the
destruction of the myelin, re-myelination
occurs, which is a spontaneous healing
process during which new myelin is made. In
most patients, this healing process ultimately
fails, and subsequent demyelination and
subsequent axonal loss results in progressive
and irreversible defects in the molecular
mechanisms involved in myelin injury and its
repair (28). Environmental factors such as
viral infections, active metabolites, and
metabolic stresses by damaging the blood-
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brain barrier facilitate the entry of
autoreactive lymphocytes and anti-myelin
antibodies from the peripheral circulation into
the nervous tissue (29). In the central nervous
system, local factors such as metabolic
stresses cause overexpression of endothelial
adhesion molecules. Following the increased
expression level of intracellular adhesion
molecules type | (ICAM-1) and vascular
adhesion molecules type 1 (VCAM-1) and E-
selectin, excessive entry of T lymphocytes
into the central nervous system occurs. In
addition, matrix metalloproteinase activity
facilitates the migration of immune cells by
destroying extracellular matrix
macromolecules  (30).  Pro-inflammatory
cytokines such as TNF and interferon-gamma
are synthesized by T lymphocytes, which lead
to express specific surface molecules on
lymphocytes and antigen-presenting cells
including astrocytes, microglia, and adjacent
macrophages (31). Binding of antigenic
agents such as myelin basic protein, myelin-
associated glycoproteins, oligodendrocytic
glycoproteins, protein proteolipid,
phosphodiesterases, S100 protein, and alpha
and beta-crystalline to specific lymphocytic
receptors (TCR) and MHC molecules present
on antigen presenting cells (APCs) cause the
relevant immune responses (32). The type of
response created depends on the type of
binding between surface molecules with
ligands B7-2, B7-1 (33). If anti-inflammatory
factors such as IL4 and IL10 are secreted
from TCD4 + cells, they can proliferate the
Th2 cells. CD4 + T lymphocytes exert their
effect on B lymphocyte by interleukin
secretion and also stimulate immune
responses by stimulating the synthesis of
interfering antibodies in myelin repair.
Activating of antigen presenting cells, the
secretion of interleukins 12 and interferon-
gamma activates T helper cells type 1. These
cells and interferon-gamma cause damage to
myelin,  oligodendrocytes and  TNF-
producing (34). With the destruction of
myelin, axons become sensitive to soluble
agents such as cytokines and proteases and
axonal damage occurs.
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Several mechanisms are involved in
promoting the repair of damaged myelin.
These mechanisms include spontaneous
suppression of immune responses and myelin
regeneration, increased number of sodium
channels in the node of Ranvier and covering
myelin-deficient fragments, secretion of
antibodies against myelin sheath, and
proliferation, migration, and differentiation
of oligodendrocyte precursor cells (35, 36).
Negative selection in the thymus is an
incomplete process and some autoreactive T-
cell clones escape central tolerance. To
overcome the potential danger of these cells,
there are strategies in environmental
tolerance that will be a major strategy for
maintaining immune tolerance. Reports and
research indicate that MS patients have
functional deficits. This potential role in the
control of autoimmunity in the central
nervous system of animal models has been
well established (37, 38).

The vast majority of CD4 + CD25 + Treg
cells contain FOXP3 transcription factor,
which plays a major role in the development
and function of these cells. CD4 + CD25 +
FOXP3 + Treg cells comprise two major
classes known as iTreg and nTreg. nTreg
cells in the thymus produce and evolve,
which inherently express FOXP3. iTreg cells
arise from naive T cells due to antigen
stimulation and the presence of TGF-p.
Induction of FOXP3 expression by TGF-p
depends on activation of SMAD3
transcription factor, which in conjunction
with TCR-induced NFAT binds to the
FOXP3 Enhancer region and induces the
chromatin remodeling required for POXP3
transcription. Signaling through Akt-mTOR
can inhibit SMAD3 activity (39, 40).

Recent studies have shown that in MS
patients CD4 + CD25 + FOXP3 + Treg cells
are normal in number but impaired in
function. The discovery of a new protein
called GARP or LRRC32 revealed that
FoxP3 is not a fully specific marker for CD +
CD25 + FOXP3 + Treg cells, and that CD4 +
CD25-Treg cells express FOXP3 by TCR-
mediated antigen stimulation. Thus, a more
specific marker needs for CD4 + CD25 +
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Treg cells or an adaptive system to investigate
the quantitative and qualitative differences in
FOXP3 expression in CD4 + CD25 + Treg
cells compared to normal T cells (41). GARP
protein mediates the expression of FOXP3
and is highly expressed in activated Treg
cells, and enables Treg cells to inhibit the
activity of activated T cells. GARP + Treg
cells have greater inhibitory potency than
GARP-Treg cells and inhibition of GARP
expression by SIRNA decreases the
inhibitory potency of Treg. Therefore, this
molecule can be used to specifically identify
CD4 + CD25 + Treg cells, especially
activated CD4 + CD25 + Treg cells, and to
investigate the inhibitory potency of these
cells. Since Akt-mTor pathway by inhibiting
of SMAD3, can decrease FOXP3 expression
and subsequently GARP expression, and
according to studies on the effect of mTOR
on Treg cells, by mTOR inhibition, the
number of Treg cell as well as inhibitory
potency of these cells Increased (42). Despite
modern studies, the true cause of the disease
has not yet been determined and therefore
there is no definitive cure for the disease (27,
43). But developing and following a specific
treatment plan and using new therapies and
rehabilitation techniques can alleviate the
symptoms, slow down the progress, preserve
and enhance one's ability with support the
current situation.

Acknowledgments

Special thanks Babol University of
Medical Sciences to support this project.

Conflicts of interest

The authors declare that there is no
conflict of interest regarding the publication
of this article.

Authors’ contributions
Study design: AK.A,, SM.M.H., AAA.

Writing: H.N., P.S.
Final revision: All authors

13 Tabari Bio Stu Res J - Volume 2 - Issue 2

References

1. Smith KJ, McDonald W. The
pathophysiology of multiple sclerosis: the
mechanisms underlying the production of
symptoms and the natural history of the
disease. Philosophical Transactions of the
Royal Society of London Series B: Biological
Sciences. 1999;354(1390):1649-73.

2. Gold R, Wolinsky J. Pathophysiology
of multiple sclerosis and the place of
teriflunomide. Acta neurologica
Scandinavica. 2011;124(2):75-84.

3. Sospedra M, Martin R. Immunology
of multiple sclerosis. Annu Rev Immunol.
2005;23:683-747.

4. Dyment DA, Ebers GC, Sadovnick
AD. Genetics of multiple sclerosis. The
Lancet Neurology. 2004;3(2):104-10.

5. Munger KL, Zhang S, O’reilly E,
Hernan M, Olek M, Willett W, et al. Vitamin
D intake and incidence of multiple sclerosis.
Neurology. 2004;62(1):60-5.

6. Eskandarieh S, Allahabadi NS,
Sadeghi M, Sahraian MA. Increasing
prevalence of familial recurrence of multiple
sclerosis in Iran: a population based study of
Tehran registry 1999-2015. BMC neurology.
2018;18(1):15.

7. Steinman L. Multiple sclerosis: a two-
stage  disease.  Nature  immunology.
2001;2(9):762.

8. Lassmann H, Brick W, Lucchinetti
CF. The immunopathology of multiple
sclerosis: an overview. Brain pathology.
2007;17(2):210-8.

9. Kidd T, Carey N, Mold F, Westwood
S, Miklaucich M, Konstantara E, et al. A
systematic review of the effectiveness of self-
management interventions in people with
multiple sclerosis at improving depression,
anxiety and quality of life. PloS one.
2017;12(10):e0185931.

10.  Goldenberg MM. Multiple sclerosis
review. Pharmacy and Therapeutics.
2012;37(3):175.

11. Mahajan KR, Mahad DJ. Pathology
and Pathophysiology of Multiple Sclerosis.
Multiple Sclerosis and Related Disorders:
Clinical Guide to Diagnosis, Medical


http://dx.doi.org/10.18502/TBSRJ.v2i2.3757
http://tbsrj.mazums.ac.ir/article-1-3696-en.html

[ Downloaded from tbsrj.mazums.ac.ir on 2025-07-16 ]

[ DOI: 10.18502/TBSRJ.v2i2.3757 ]

MS and its Pathophysiology | Alizadeh Khatir et al.

Management, and Rehabilitation.
2018;47(6):115.

12.  Cadavid D, Mellion M, Hupperts R,
Edwards KR, Calabresi PA, Drulovi¢ J, et al.
Safety and efficacy of opicinumab in patients
with relapsing multiple sclerosis
(SYNERGY): a randomised, placebo-
controlled, phase 2 trial. The Lancet
Neurology. 2019;18(9):845-56.

13. Buscarinu MC, Fornasiero A,
Romano S, Ferraldeschi M, Mechelli R,
Renié R, et al. The contribution of gut barrier
changes to multiple sclerosis
pathophysiology. Frontiers in immunology.
2019;10:1916.

14. O’Loughlin E, Madore C, Lassmann
H, Butovsky O. Microglial phenotypes and
functions in multiple sclerosis. Cold Spring
Harbor perspectives in medicine.
2018;8(2):a028993.

15.  Waubant EL, Oksenberg JR, Goodkin
DE. Pathophysiology of multiple sclerosis
lesions. Science & Medicine. 1997;4(6):32.
16. Korn T. Pathophysiology of multiple
sclerosis. Journal of neurology.
2008;255(6):2-6.

17. Hojati S, Zarghami A, Yousefzad T,
Hojati S, Baes M. Epidemiological Features
of 263 Patients with Multiple Sclerosis
Residing in Babol, Iran. J Babol Univ Med
Sci. 2016;18(1):52-6.

18. Di Benedetto P, Giorgini T, Delneri
C, Biasutti E. Pathophysiology of urinary
dysfunction in multiple  sclerosis.
Neurological Sciences. 2006;27(4):5320-s2.
19. Hojjati SM, Hojjati SA, Baes M,
Bijani A. Relation between EDSS and
monosymptomatic or polysymptomatic onset
in clinical manifestations of multiple sclerosis
in Babol, northern Iran. Caspian J Intern Med.
2014;5(1):5-8.

20. Niino M. Recent prognosis on
etiology and pathophysiology of multiple
sclerosis. Nihon rinsho Japanese journal of
clinical medicine. 2013;71(5):807-10.

21. Hojjati SM, Zarghami A, Hojjati SA,
Baes M. Optic neuritis, the most common
initial presenting manifestation of multiple
sclerosis in northern Iran. Caspian J Intern
Med. 2015;6(3):151-5.

14 Tabari Bio Stu Res J - Volume 2 - Issue 2

22. Faissner S, Gold R. Oral therapies for
multiple sclerosis. Cold Spring Harbor
perspectives in medicine.
2019;9(1):a032011.

23. Miller DH, Leary SM. Primary-
progressive multiple sclerosis. The Lancet
Neurology. 2007;6(10):903-12.

24, Crayton H, Heyman RA, Rossman
HS. A multimodal approach to managing the
symptoms of multiple sclerosis. Neurology.
2004;63(11 suppl 5):S12-S8.

25. Nicholas R, Young C, Friede T.
Bladder symptoms in multiple sclerosis: a
review of pathophysiology and management.
Expert  opinion on drug  safety.
2010;9(6):905-15.

26.  Weller RO, Galea I, Carare RO,
Minagar A. Pathophysiology of the lymphatic
drainage of the central nervous system:
Implications for pathogenesis and therapy of
multiple sclerosis. Pathophysiology.
2010;17(4):295-306.

27. De Keyser J, Zeinstra E, Frohman E.
Are astrocytes central players in the
pathophysiology of multiple sclerosis?
Archives of neurology. 2003;60(1):132-6.
28.  Song B, Sun G, Herszfeld D, Sylvain
A, Campanale NV, Hirst CE, et al. Neural
differentiation of patient specific iPS cells as
a novel approach to study the
pathophysiology of multiple sclerosis. Stem
cell research. 2012;8(2):259-73.

29.  Georgiou AM. Therapeutic strategies
for multiple sclerosis: Current data.
International Journal of Health & Allied
Sciences. 2015;4(1):3.

30.  Wiesel PH, Norton C, Glickman S,
Kamm MA. Pathophysiology ~ and
management of bowel dysfunction in
multiple sclerosis. European journal of
gastroenterology & hepatology.
2001;13(4):441-8.

31. Bose G, Thebault SD, Atkins HL,
Freedman MS. Does Resetting the Immune
System Fix Multiple Sclerosis? Canadian
Journal of Neurological Sciences. 2019:1-10.
32. Mohr DC, Goodkin DE. Treatment of
depression in multiple sclerosis: review and
meta-analysis. Clinical Psychology: Science
and Practice. 1999;6(1):1-9.


http://dx.doi.org/10.18502/TBSRJ.v2i2.3757
http://tbsrj.mazums.ac.ir/article-1-3696-en.html

[ Downloaded from tbsrj.mazums.ac.ir on 2025-07-16 ]

[ DOI: 10.18502/TBSRJ.v2i2.3757 ]

MS and its Pathophysiology | Alizadeh Khatir et al.

33.  Greenstein JI. Current concepts of the
cellular and molecular pathophysiology of
multiple sclerosis. Developmental
neurobiology. 2007;67(9):1248-65.

34.  Seifar F, Khalili M, Khaledyan H,
Amiri Moghadam S, Izadi A, Azimi A, et al.
a-Lipoic acid, functional fatty acid, as a novel
therapeutic alternative for central nervous
system diseases: A review. Nutritional
neuroscience. 2019;22(5):306-16.

35. Filippi M, Rocca M. MR imaging of
gray matter involvement in multiple sclerosis:
implications for understanding disease
pathophysiology and monitoring treatment
efficacy. American Journal of
Neuroradiology. 2010;31(7):1171-7.

36. Wang Y-L, Xue P, Xu C-Y, Wang Z,
Liu X-S, Hua L-L, et al. SPK1-transfected
UCMSC has better therapeutic activity than
UCMSC in the treatment of experimental
autoimmune encephalomyelitis model of
Multiple  sclerosis.  Scientific  reports.
2018;8(1):1756.

37.  Simone |, Tortorella C, Federico F.
The contribution of 1 H-magnetic resonance
spectroscopy in defining the pathophysiology
of multiple sclerosis. The Italian Journal of
Neurological Sciences. 1999;20(2):S241-S5.
38.  Junker A. Pathophysiology of
translational regulation by microRNAS in
multiple sclerosis. FEBS letters.
2011;585(23):3738-46.

39.  Vaziringjad R, Ahmadi Z, Arababadi
MK, Hassanshahi G, Kennedy D. The
biological functions, structure and sources of
CXCL10 and its outstanding part in the
pathophysiology of multiple sclerosis.
Neuroimmunomodulation. 2014;21(6):322-
30.

40. von Essen MR, Ammitzbgll C,
Hansen RH, Petersen ER, McWilliam O,
Marquart HV, et al. Proinflammatory CD20+
T cells in the pathogenesis of multiple
sclerosis. Brain. 2018;142(1):120-32.

41. Khorramdelazad H, Bagheri V,
Hassanshahi G, Zeinali M, Vakilian A. New
insights into the role of stromal cell-derived
factor 1 (SDF-1/CXCL12) in the
pathophysiology of multiple sclerosis.

15 Tabari Bio Stu Res J - Volume 2 - Issue 2

Journal of neuroimmunology. 2016;290:70-
5.

42. Kuerten S, Jackson LJ, Kaye J,
Vollmer TL. Impact of Glatiramer Acetate on
B Cell-Mediated Pathogenesis of Multiple
Sclerosis. CNS drugs. 2018;32(11):1039-51.
43. Langeskov-Christensen M, Bisson
EJ, Finlayson ML, Dalgas U. Potential
pathophysiological pathways that can explain
the positive effects of exercise on fatigue in
multiple sclerosis: a scoping review. Journal
of the neurological sciences. 2017;373:307-
20.


http://dx.doi.org/10.18502/TBSRJ.v2i2.3757
http://tbsrj.mazums.ac.ir/article-1-3696-en.html
http://www.tcpdf.org

