
368 Cesk Slov Ne urol N 2020; 83/ 116(4): 368– 374

REVIEW ARTICLE PŘEHLEDNÝ REFERÁT

doi: 10.14735/amcsnn2020368

Multiple sclerosis – behind the immunity curtains 

Roztroušená skleróza – odhalené tajemství 

imunity

Abstract
Multiple sclerosis is a CNS disorder that leads to an important disability and cognitive impairment 

among young adults worldwide, with a meaningful emotional and socioeconomical impact. There 

is growing evidence pointing to the immune mediated mechanisms involved in the initiation and 

progression of the disease. Recent studies have redefi ned the brain’s unique concept of immune 

privileged organ, with the remarkable discovery of the glymphatic system and the presence of 

meningeal lymphatic vessels required for the transport of metabolic interstitial waste. In this 

review, we take a brief look at the complex connection between the central nervous system and 

the peripheral immune system, in which the immune cells gain access through the brain blood 

barrier and mediate the disease development and to the brain’s peculiar lymphatic drainage, 

involved in the etiology of MS. The immune system, with its contrasting roles in neuronal damage 

and tissue regeneration, becomes a honorable partner in the eff orts of fi nding a well-suited 

treatment.

Souhrn
Roztroušená skleróza je porucha CNS, která u mladých dospělých po celém světě vede k závažné 

invaliditě a kognitivním poruchám, což má významný emoční a socioekonomický dopad. Je stále 

více důkazů o tom, že na iniciaci a progresi tohoto onemocnění se podílí mechanizmy související 

s imunitou. S významným objevem glymfatického systému a meningeálních lymfatických cév, 

které jsou nezbytné pro odvádění metabolického odpadu z intersticia, došlo v nejnovějších 

studiích k předefi nování jedinečného konceptu chápání mozku jako imunologicky privilegovaného 

orgánu. V tomto přehledném referátu se stručně věnujeme složitému spojení mezi CNS 

a periferním imunitním systémem, kdy buňky imunitního systému přestupují hematoencefalickou 

bariéru a jsou mediátory rozvoje tohoto onemocnění a rovněž mají přístup k zvláštnímu systému 

lymfatické drenáže mozku s podílem na etiologii RS. Imunitní systém, který má při poškození 

neuronů a regeneraci tkání kontrastní role, se tak v úsilí o nalezení vhodné léčby stává váženým 

partnerem. 
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Introduction
Multiple sclerosis is an immune-mediated 

disorder that targets the CNS, leading to the 

formation of demyelinated plaques, axonal 

injuries and astrocytic scars [1]. The infl am-

matory episodes occurring in the CNS lead 

to oligodendrocyte injury and death, inter-

rupting the axonal myelin sheet in the optic 

nerves, brainstem, periventricular white mat-

ter, cerebellum and spinal cord [2]. The oli-

godendrocyte death enhances the produc-

tion of autoreactive T cells oriented towards 

the epitope of the myelin oligodendrocyte 

glycoprotein [2]. The cervical lymph nodes 

appear to be the main site for autoreactive 

T cell homing and maturation; therefore, 

evaluating the connection between the CNS 

and the peripheral immune system is a mat-

ter of current interest [3]. 

Revolutionary findings in neuroimmu-

nology and MS pathogenicity were possi-

ble due to animal models, in which the my-

elin oligodendrocyte glycoprotein transfer 

resulted in experimental autoimmune en-
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cephalomyelitis (EAE), characterized by the 

infi ltration of perivascular mononuclear cells 

in the CNS [4]. 

Multiple sclerosis aff ects 2.5 million peo-

ple worldwide, with a female predominance 

and a high prevalence registered in North-

ern Europe and Canada [5]. The landmark of 

the disease is transient neurological defi cit 

lasting more than 24 h, which remits spon-

taneously, with a relapsing evolution, a hall-

mark of the relapsing-remitting form (RRMS), 

consisting of any of the following: dizziness, 

postural instability, visual loss, sensory dis-

turbances, weakness, spasticity, tiredness or 

bladder dysfunction [6,7]. 

Initially, 85% of patients present RRMS 

with relapses and limited capacity of the 

CNS to repair the demyelinating plaques, 

leading to gradual neurological dysfunc-

tion and evolving into a secondary progres-

sive form, characterized by cortical atrophy, 

limited ambulation and cognitive impair-

ment [8,9]. Focal infl ammation, demyelinat-

ing plaque formation in the white and gray 

matter, oxidative stress and mitochondrial 

dysfunction are specifi c features of RRMS, 

while secondary progressive multiple scle-

rosis is associated with axonal loss and neu-

rodegeneration as main causes of progres-

sion, inducing permanent disability [8,10]. 

In other 15% of cases, neurological defi cits 

are progressive from the onset, represent-

ing a distinct form of MS known as primary 

progressive [10].

Multiple sclerosis is considered a mul-

tifactorial disease, with a complex inter-

play between genetic and environmental 

factors, such as viral infections with Ep-

stein-Barr virus, herpes simplex virus types 

1, 2 and 6, varicella-zoster virus, smok-

ing, obesity and a lack of sun exposure 

and vitamin D defi ciency, causing immune 

dysregulation [7,11].

Regarding genetic risk factors, genome-

wide association studies revealed that in-

dividuals with MS have an overrepresenta-

tion of genes responsible for T helper (Th) 

cell activation, diff erentiation, and prolifer-

ation [12]. More than 100 genetic variants, 

known as single nucleotide polymorphisms, 

were associated with MS risk with most of 

these genetic loci being related to adaptive 

immunity [13,14].

Innate immunity
The human immune response to diff erent 

stimuli develops through an innate compo-

nent and an adaptive component.

Roles

The innate immune system is a fundamen-

tal system of human protection against 

patho gens, with a central role in modeling 

the adaptive immune response and removal 

of antigens, clearance of cellular debris and 

apo ptotic cells, and tissue repair [13]. 

The main feature of the innate immune 

system is a quick response, needed for self-

-protection, but lacking memory and spec-

ifi city [14]. The innate immune system has 

the capacity to recognize the molecular 

patterns expressed on the surface of nor-

mal cells, as indicators of regular homeosta-

sis, protecting against an autoimmune re-

sponse [15]. The CNS innate immune cells 

have an important role in maintaining an ac-

tive tolerogenic environment [14]. 

Cells of the innate immune system

The innate immune system cells are den-

dritic cells (DCs), mast cells, natural killer (NK) 

cells, granulocytes, macrophages and micro-

glia in the CNS [13].

Dendritic cells

Dendritic cells are antigen-presenting cells 

(APCs) derived from myeloid cells activated 

by the antigen binding on their surface that 

determine CD4+ T lymphocyte activation, 

bridging the connection between innate 

and adaptive immunity [8].

Dendritic cells guide the diff erentiation 

process of T cells into eff ector T cells or reg-

ulatory T cells (Tregs), tailoring the adaptive 

immune response [16].

In the CNS, DCs were described in the 

choroid plexus and lymphatic vessels of the 

meninges, exerting their functions as im-

mune sentinels, suggesting that these ves-

sels might be an important route for DC mi-

gration from the bloodstream [17]. 

In MS, DCs present CD83 surface marker 

expression with an activated phenotype, 

which might facilitate their migration from 

the bloodstream through the blood-brain 

barrier (BBB) [8]. It is noteworthy that in 

MS, the altered expression of the activa-

tion markers on the surface of DCs and their 

role in controlling Treg diff erentiation are 

modified [16].

Mast cells

Mast cells, considered the innate immune 

system’s fi rst line of defense, are most com-

monly found in the skin, respiratory tract 

and gut, as well as in the CNS: choroid 

plexus, tissue, perivascular space, brain lin-

ing and meninges, acting as supervisors of 

cerebral homeostasis [17,18]. Mast cells con-

tain neuroactive prestored mediators, such 

as histamine, serotonin, tryptase, chymase, 

prostaglandin D2 and leukotriene B4, and 

newly synthesized matrix metalloprotein-

ases, cytokines and chemokines mediat-

ing the interaction between neurons, blood 

vessels and diff erent hematopoietic cells in 

the CNS [16]. 

In the CNS, the activated microglia trigger 

the activation of mast cells that release neu-

roactive mediators, establishing a sustained 

infl ammatory cycle, opening the BBB and 

stimulating the recruitment, adhesion and 

extravasation of leukocytes in the CNS, lead-

ing to the destruction of oligodendrocytes 

and neurons [15,19]. 

In MS patients, mast cells were detected 

in the normal-appearing white matter and 

in demyelinated plaques, with high levels 

of tryptase and histamine in the cerebro-

spinal fl uid (CSF) [20,21], with an assigned 

role in the initiation and progression of the 

disease [17,22].

Natural killer cells

Natural killer cells are bone marrow-derived 

lymphocytes, functioning as innate immune 

cells [23]. Their protective role is strength-

ened by their secretory nature, which clas-

sifies them into NK1, secreting interferon  
(IFN-) and interleukin (IL) 10, acting as 

phagocyte activators, and NK2, secreting 

IL-5 and IL-13 [24]. 

The diff erent functional roles divide NK 

into other distinct types: CD56 dim NK cells, 

which are highly cytotoxic, and CD56 bright 

NK, with immunomodulatory functions con-

trolling cytokine production and T cell prolif-

eration and activity [21,25].

In MS, the role of NK is still controversial 

due to their opposite functions in patho-

genesis at diff erent levels. High numbers of 

immunomodulatory NK are found in the re-

mission phase of MS, suggesting that these 

cells ameliorate the disease evolution. In 

contrast to healthy individuals, in MS, im-

munomodulatory NK have a lower abil-

ity to suppress T cell functions; highly cy-

totoxic NK cells at fi rst remove pathogenic 

autoreactive T cells and activated microglial 

cells, but in the process alter the repairing 

mechanisms [16]. 

Enhancing the expression of immu-

nomodulatory NK cells in the fi rst stage of 

the infl ammatory process and decreasing 

the activity of cytotoxic NK cells before alter-
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ing the regeneration process could be a key 

to infl uence MS degeneration.

Granulocytes

Meningeal spaces harbor granulocytes with 

a primary role in facing pathogen intrusions 

and tissue damage, with a special enzymatic 

equipment capable of generating harmful 

reactive oxygen species (ROS) and reactive 

nitrogen oxide (NO) species with a strong 

antimicrobial eff ect [17,26].

In MS, microglial and mast cells enhance 

the recruitment of neutrophils in the CNS 

through the disrupted BBB [19]. In EAE, the 

number of neutrophils is increased in the 

peripheral blood and CNS before the onset 

of symptoms; the inhibition of ROS produc-

tion demonstrated a clear reduction of clini-

cal severity [27].

The precise contribution of neutrophils 

in the MS onset and evolution is still under 

investigation.

Macrophages and microglia

Monocytes are mononuclear cells circu-

lating in the blood, derived from progen-

itor cells in the bone marrow, which once 

activated, gain the capacity to pass into 

tissues and transform into phagocyting 

macrophages [19].

A microglial cell is a brain specialized type 

of macrophage that originates from yolk sac 

macrophages seeding the CNS, early during 

embryonic development [28]. 

In the healthy brain, macrophages are har-

bored in the meninges, perivascular spaces 

and choroid plexus controlling the brain bar-

riers [29]. Their unique localization at the junc-

tion between the brain interstitial fl uid and 

blood might suggest a special role in mon-

itoring CNS activity and homeostasis [17]. 

There are two different subsets of mac-

rophages: M1, strongly associated with an in-

fl ammatory response producing high quan-

tities of IL-1, IL-6, IL-12, IL-23, tumor necrosis 

factor  (TNF-), ROS and NO [18]; M2, with an 

anti-infl ammatory action linked to myelin de-

bris cleaning and oligodendrocyte diff eren-

tiation during the remyelination process me-

diated by IL-10, brain-derived neurotrophic 

factor and insulin-like growth factor-1 [12,22]. 

In MS, monocytes are constantly recruited 

from the periphery, becoming macrophages, 

increasing infl ammatory reactions in the CNS, 

where they act as APCs for T cells, enhancing 

their traffi  c through the BBB [19].

Microglia have an important role in brain 

development, homeostatic and regenera-

tive functions [28]. Microglia as highly spe-

cialized cells can induce the acute phase 

of infl ammation, through ROS, NO, IL-1,IL-6, 

TNF- and IFN- production, determining 

axonal loss and demyelination in a constant 

oxidative stress state [30,31], contrasting 

with their capacity to remove the dam-

aged tissues and cellular debris, which favors 

the resolution of the infl ammatory process 

and remyelination, through the production 

of growth factors that infl uence axonal re-

generation and oligodendrocyte precursor 

proliferation [18,19,32].

Macrophages and microglia produce IL-27, 

a heterodimeric cytokine, involved in infl am-

mation resolution [33].

Switching the functions of microglial 

cells from neurodestructive to neuropro-

tective and stimulating their production 

of IL-27 would be a signifi cant therapeutic 

achievement, slowing down the evolution 

of neurodegeneration.

Adaptive immunity
Roles

The constant exposure of the human body to 

pathogens requires a specifi c answer known 

as adaptive immunity, provided by lympho-

cyte cells that develop into memory cells al-

lowing future responses to already known 

pathogens [34,35]. The adaptive immune 

system interactions with diff erent antigens 

require a large repertoire of antibodies, ca-

pable of distinguishing self-antibodies that 

should be driven away from harmless anti-

gens and alarming ones [36].

Cells of the adaptive immune system

B CELLS

B cells originate in the long bone marrow, 

being derived from multipotent hemato-

poietic stem cells [36]. B cell maturation takes 

place in the peripheral lymphoid organs, lead-

ing to the mature form of B cells, plasma cells, 

which, through antibody production, mediate 

the humoral immune response [37]. 

B cells present a unique type of surface re-

ceptor (BCR) specialized in antigen recogni-

tion, which, throughout its assembly process, 

can give rise to altered receptors that can in-

teract with the body’s proteins, leading to the 

development of autoimmune diseases [36]. 

Two barriers were proposed as controllers for 

B cell autoreactivity: a central one in the bone 

marrow, eliminating more than 75% of auto-

reactive B cells, and a peripheral one, in the 

secondary lymphoid organs controlled by 

T regulatory cells [38]. The diversity of our im-

mune system tolerates small amounts of au-

toreactive cells that in a healthy immune en-

vironment will be removed by changing the 

expression of BCR, or through B cell clonal 

deletion, or by inactivation in the bone mar-

row through a process of switching off  the 

B cell receptor to antigen stimulation, a toler-

ance mechanism known as anergy [36]. Using 

B cell receptor tracing studies, the cervical 

lymph nodes were shown to be an important 

station for B cell traffi  c between the blood-

-stream and CNS [39]. 

The deep cervical lymph nodes have 

a major role in helping the immune cells 

to gain antigen tolerance, host the matura-

tion of B cells before entering the brain and 

suppressing T cell functions [40]. In MS pa-

tients, myelin antigens have been found in 

the deep cervical lymph nodes [40]. 

The question that arises is whether there is 

a way to infl uence the cervical lymph nodes 

in order to tailor the disease onset, evolution 

and severity.

The involvement of B cells in MS immuno-

pathology was demonstrated by the pres-

ence of intrathecal synthesized antibodies 

(in the CSF or within the CNS) in more than 

90% of the dia gnosed cases, the discovery 

of meningeal lymphoid aggregates (tertiary 

lymphoid organs) containing B cells and 

plasma cells, and by the improvement of the 

disease evolution and disabilities under spe-

cifi c therapies targeting B cells [16,41]. In MS, 

B cell autoreactivity is linked to abnormalities 

of the secondary lymphoid organs [41–43].

T cells

T cells derive from lymphoid hematopoietic 

stem cells [44]. After thymic development, 

the maturation process ends when the re-

leased T cells arrive to the secondary lym-

phoid organs including the spleen, lymph 

nodes and mucosa-associated lymphoid tis-

sue, where they fi rst encounter the antigen 

and undergo changes in surface phenotype 

and function [44,45]. Studies showed that 

in MS, only under specifi c genetic and en-

vironmental infl uences and with a particu-

lar threshold of CNS antigens that reach the 

deep cervical lymph nodes are T cells able 

to escape from the thymic controlled self-

-tolerance mechanism and gain a high avid-

ity for myelin antigens, which, under nor-

mal circumstances, can be found within the 

cervical lymph nodes of healthy individuals 

without developing autoimmunity [3,30]. 

The meningeal vessels and choroid plexus 

were proposed as “security” checks that vali-
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date the entrance of immune cells into the 

CNS and as main routes for their traffi  c into 

the tissue [4]. The choroid plexus is unique 

due to its fenestrated endothelium which 

may allow a free passage of the immune 

cells to the CSF, its CSF secreting function, 

T and B cell hosting [3,46]. Under normal cir-

cumstances, between CSF and the blood 

from the choroid plexus, there is a restrictive 

barrier, the blood-CSF barrier (BCSFB), which 

hinders the immune cells from entering the 

CSF and the brain tissue [3].

In MS, T cells represented by CD4+ 

T helper cells are fi rst activated in the deep 

cervical lymph nodes after they encoun-

ter APC bearing myelin antigens [30]. Re-

leased in the bloodstream as eff ector cells, 

they gain a migratory phenotype and ex-

travasate through the choroid plexus and 

through the pia mater of leptomeningeal 

vessels, through the modified BBB and 

BCSFB, into the brain tissue, where they 

reactivate in the presence of local perivenu-

lar APC surrounding periventricular spaces 

and macrophage cells in the subarachnoid 

spaces [47], releasing high levels of IFN- and 

TNF-, triggering the occurrence of the fi rst 

neurological relapse, followed by the acti-

vation of resident immune cells and the re-

cruitment of leukocytes from the blood-

stream, in a cytokine-dependent manner, 

resulting in a pro-infl ammatory milieu that 

mediates myelin damage and neuronal 

dysfunction [3,4,30]. 

The presence of tertiary lymph nodes 

in the meninges with germinal centers for 

B cells and lymphatic vasculature reinforces 

the assumption that infl ammation occurs 

in the meninges long before the tissue is 

aff ected [3,48]. 

The glymphatic system
Introduction

The concept of “brain as an immune privi-

leged organ” has changed signifi cantly over 

the past few years. For a long period of time, 

the brain was considered to be segregated 

from the peripheral immune system due 

to the presence of the BBB that restricted 

the entry of immune cells into the CNS and 

due to the lack of lymphatic vessels [47]. 

The classic hypothesis was challenged by 

extensive studies using special MRI pro-

tocols and contrast agents that detected 

Fig. 1. Cerebrospinal fl uid circulates from the subarachnoid space to the periarterial space and then into the tissue, through the as-
trocyte aquaporin 4 channels surrounding the cerebral vessels, blending with the interstitial fl uid. The interstitial solutes and cellular 
wastes are transported from the tissue to the perivenous spaces.
AQP4 – aquaporin 4; CSF – cerebrospinal fl uid  

Obr. 1. Mozkomíšní mok cirkuluje ze subarachnoidálního do periarteriálního prostoru a poté do tkáně přes kanály akvaporinu 4 pro as-
trocyty, které obklopují mozkové cévy, a při tom se smíchá s intersticiální tekutinou. Intersticiální soluty a buněčné odpadní látky jsou 
transportovány z tkáně do perivenózních prostor.  
AQP4 – aquaporin 4; CSF – mozkomíšní mok 
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the meningeal lymphatic vessels involved 

in CSF drainage, opening novel research 

routes [49].

The theory that the brain, as a unique 

organ, uses a lymphatic network to elimi-

nate interstitial metabolic products has re-

cently changed. The newly described route, 

known as glymphatic network, involves glial 

cells, represented by astrocytes with an im-

portant role in mediating metabolic clear-

ance through the presence of distal end-

feet aquaporin 4 (AQP4) water channel, and 

shares common features with the lymphatic 

system [50,51].

Three diff erent routes contribute to the 

glymphatic system, in an AQP4-depen-

dent manner: a paraarterial CSF infl ux route, 

a transparenchymal route, and a paravenous 

interstitial fl uid clearance route [18].

The glymphatic system is a well organ-

ized perivascular network that mimics the 

activity of a lymphatic pathway in the brain, 

which allows CSF transport from the sub-

arachnoid space to the periarterial spaces 

of the large leptomeningeal arteries, the Vir-

chow-Robin spaces, and into the brain tis-

sue in an AQP4-dependent manner, where 

it blends with the interstitial fl uid surround-

ing the parenchymal cells, moving to the ve-

nous perivascular spaces to exit along the 

perineural sheaths of peripheral nerves and 

to the meningeal lymphatic vessels to drain 

into the deep cervical lymph nodes [52–54], 

as illustrated in Fig. 1.

Lymphatic vessels of CNS 

Many eff orts have been made to describe 

the brain’s lymphatic vessels represented by 

nasal lymphatics, traveling through the dura 

mater of the cribriform plate, along the olfac-

tory bulb, and dural lymphatics, both drain-

ing into the deep cervical lymph nodes [46]. 

The dural lymphatics have a parallel distri-

bution along the superior sagittal and trans-

verse sinuses, with a similar structure to that 

of peripheral lymphatic vessels [50].

Lymphatic vessels act as immune sen-

tinels of the CNS, contributors to immune 

reactions and fluid transporters from the 

subarachnoid space into the deep cervical 

lymph nodes and hosts for T lymphocytes, 

B lymphocytes and dendritic cells [49].

The CSF draining through the nasal lym-

phatics carries antigen-presenting cells and 

large molecular weight molecules to the 

cervical lymph nodes, while the rest of CSF 

drains through a vacuolar mediated system, 

from the subarachnoid space to the lym-

phatic vessels located along the dural si-

nuses [49,50], as illustrated in Fig. 2. 

Roles 

The glymphatic pathway drains CSF, nu-

trients and neurotrophic factors in a uniform 

manner to the entire brain tissue. Experi-

mental mice studies have revealed an en-

hanced activity of the glymphatic pathway 

during sleep, eliminating neurotoxic meta-

bolic products from the extracellular space, 

where they accumulate during wakefulness, 

and an important role in lactate clearance, in 

order to stimulate the transition from wake-

fulness to sleep [53,55]. 

The glymphatic system in MS

The EAE model of MS revealed that clinical 

progression is dependent on the infl ux of 

immune cells from the perivenous spaces to 

the tissue [51].

Another hypothesis regarding the suc-

cession of pathological events in MS is that 

a glymphatic pathway dysfunction induces 

a cerebral perfusion disorder with axonal 

suff ering, which leads to a chronic hypoxic 

Fig. 2. Meningeal lymphatic vessels and nasal lymphatics absorb interstitial solutes and 
cellular wastes transported by the glymphatic system and drain them to the deep cervi-
cal lymph nodes.
Obr. 2. Meningeální lymfatické cévy a nosní lymfatické uzliny absorbují intersticiální so-
luty a buněčné odpadní látky transportované glymfatickým systémem a odvádí je do 
mízních uzlin hluboko v krku.  
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