


Multiple Sclerosis- Chronic Neurodegenerative Disease

ÅMultiple Sclerosis (MS) is a chronic, immune-mediated, 
inflammatory demyelinating and degenerative disease of the 
Central Nervous System (CNS) affecting both the Brain and 

the Spinal Cord.  



The first pattern, 

which is associated with: the focal bulk invasion of inflammatory cells into 
the brain and the formation of new focal lesions mainly in the white 
matter. 

ÅDue to a major disturbance and opening of the blood-brain 
barrier.

ÅWith lymphocytes entering the brain in the course of 
immune surveillance, 

ÅLymphocyte recognition of their cognate-antigenwithin the 
central nervous system, 

ÅRe-activationof these lymphocytes, 

ÅProduction of a variety of pro-inflammatory mediators, 
activation of microglia and 

ÅRecruitment of additional cells and serum components 
through the impaired blood-brain barrier. 
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There are two different types of inflammation in MS patients:



A major hypothesis in multiple sclerosis 
pathology is that a CNS antigen-specific 

immune activation occurs first in the 
periphery and is then transferred to the 

previously unaffected CNS. 
After migration to the lymph nodes, a few of 
these antigen-specific T cells and B cells will 
invade the CNS compartment during the pre-

phagocytic phase of lesion development.
The release of inflammatory mediators will 

open the bloodςbrain barrier and attract the 
influx of monocytes and additional 

lymphocytes and other serum components, 
leading to the formation of the phagocytic 

lesion.

Outside-in Model



In an alternative hypothesis, an 
initiating event within the CNS causes 
the subsequent activation of resident 
microglia and an amplification of the 
immune reaction, with a secondary 
recruitment of adaptive and innate 

immune cells. 
In this hypothesis, a primary defect of 

oligodendrocytes (eg, a genetic 
mutation/ viral/ toxic agent) leads to 

spontaneous oligodendrocyte death and 
consecutive activation of microglial cells, 

which would account for the changes 
noted in pre-phagocytic lesions

In this proposed hypothesis, antigens 
drain out of the CNS into deep cervical 

lymph nodes to induce a secondary 
adaptive immune response in the 

periphery.

Inside-out ModelRole of EBV in immune-
intolerance and epitope 

mimicry



Multiple Sclerosis- First Pattern of Inflammation



The Second Pattern, 

of inflammation in the MS brain is an inflammatory reaction, that accumulates in the 
large connective tissue spaces of the brain and spinal cord, dominantly affecting the 
meninges and the large periventricular Virchow-Robin spaces. In the B-cell lineage, CD20-
positive cells are most frequent in active lesions, whereasthe majority of cells present in 
chronic lesions are plasma blasts and plasma cells. In the meninges and perivascular 
space, this inflammatory reaction is present diffusely or can form focal aggregates or 
structures, which resemble tertiary lymph follicleswhereclearly separated T-cell, B-cell, 
and plasma cell areas can be seen.

Å In contrast to the inflammatory reaction in classical active white matter lesions,blood-
brain barrier damage is minor or absent in this compartmentalized inflammatory 
reaction in chronic progressive MS. The meningeal and perivascular infiltrates are 
associated with slow expansion into the white and gray matter. Tissue injury may be 
partly mediated by a cascade involving microglia and macrophage activation, oxidative 
injury, and mitochondrial damage. Soluble factors, produced by the inflammatory cells, 
may exert tissue damage either directly or indirectly through activation of microglia or 
macrophages as well as astrocytes.

There are two different types of inflammation in MS patients:



Multiple Sclerosis- Chronic Neurodegenerative Disease

ÅMultiple Sclerosis (MS) is a chronic inflammatory 
demyelinating and degenerative disease of the Central 

Nervous System (CNS) affecting both the Brain and the Spinal 
Cord.  



A large proportion of people with multiple sclerosis (MS) continue to 
experience clinical deterioration despite a lack of overt ongoing 
inflammatory disease activity. To this end, such patients exhibit 
disability progression despite being relapse-free and exhibiting neither 
contrast-enhancing T1-weighted (T1w) lesions nor new or enlarging T2-
weighted (T2w) lesions on magnetic resonance imaging (MRI). This is 
often referred to as progression independent of relapse activity (PIRA) 
or smouldering MS. 

In relapsing-remitting MS (RRMS), the effective therapeutic suppression of relapses does not 
always correlate with the prevention of long-term disability accumulation, thus highlighting a 
disconnect between mechanisms underlying inflammatory attacks and those responsible for 

disease progression.

JAMA Neurol 2020; 77: 1132ς1140

PIRA(progression independent of relapse activity)



Lymphoid follicles, which are associated with more severe microglia activation and cortical demyelination, are found in large 
aggregates in the meninges and the perivascular VirchowςRobin spaces. They are typically found in 40ς70% of people with SPMS, 
but not in people with PPMS; however, increased meningeal inflammation associated with more extensive cortical demyelination 

and neurite loss is present in PPMS, but without lymphoid follicles

Cellular & Molecular Immunologyvolume 18, pages1353ς1374 (2021) Trends in Molecular Medicine, June 2018, Vol. 24, No. 6



Compared with healthy individuals, patients with MS show higher frequencies 
and activation states of self-reactive B lymphocytes (cells with red nuclei), in 

addition to impaired functions of regulatory immune compartments, indicating 
a lower threshold for breakdown of self-tolerance to CNS antigens. Strong 

innate immune activation during primary EBV infection could facilitate 
activation and expansion of autoreactive and polyspecific (that is, both 

autoantigen-specific and viral-antigen-specific [cells with blue nuclei]) T and B 
cells. These cells could be maintained in the presence of continuous antigen 

exposure. In addition, latent EBV infection confers B-cell (anti-EBNA-1-
producing plasma cells) survival advantages and could rescue autoreactive B 
cells from apoptotic deletion during B-cell development and differentiation. 

Homing of these rescued autoreactive lymphocytes, which can immuno-
modulate and present antigensto T cells, to the inflamed CNS might contribute 

to the immunopathology of MS. 

Nature Reviews Neurology 8, 602-612 (November 2012)

ʃɳʄɹɰɮɽɽʁɿʆɹɼʁɹ ʃɮʄɮɱʁɿʆɳʅ ɼɮɹ ʃʁɽɽɮʃɽɶ ʅɼɽɶʄʇɿʅɶ

ɹˈˌ EBV



CING study on EBV genetic profile



(A) Active cortical lesions are associated with inflammatory infiltrates in 
the meninges, which are composed of CD8+ T-cells (red), CD20+ B-cells 

(green) and plasma cells (blue). Active demyelination occurs at a distance 

of the inflammatory infiltrates and is associated with activated microglia 

(blue lesion rim). The lesions gradually expand from the pial surface of 

the cortex toward the depth of the gray matter. Lymphocyte infiltrates 

are rare or completely absent in the cortical tissue and in particular at the 

zone of active demyelination. It is suggested that the inflammatory 

infiltrates in the meninges produce a soluble factor, which induces 

demyelination and neurodegeneration either directly or indirectly through 
microglia activation (arrows).

(B) In slowly expanding lesions in the white matter T-cell, B-cell 

and plasma cell infiltrates are present in the large perivascular 

Virchow Robin spaces. Active demyelination and 

neurodegeneration occurs at a distance and is associated with 

microglia activation. Also in these lesions it is suggested that 

demyelination and neurodegeneration is driven by a soluble factor, 
produced by the perivascular lymphocytes or plasma cells (arrows).

Slowly expanding lesions in progression of MS in the cortex and the white matter.

Activated microglial cells, 
which are full of Iron deposits



(A) Acute MS exacerbation: 
1. Complement factors leak through a compromised BBB. T 
and B cells infiltrate the parenchyma and are activated by 
myeloid APCs. 
2. Activated C3b and C3d deposit on myelin promoting its 
opsonization. C1q binds resting microglia and modulates its 
phenotype switch to disease-associated microglia (DAM). 
3. Downstream activation of complement leads to the 
formation of membrane attack complex ( MAC) and damage 
to the myelin membrane.

(B) Progressive MS: 
1. Complement and other factors are secreted by DAM and by 
the tertiary lymphoid tissue (TLT) and diffuse into the brain 
parenchyma. 
2. C3-bound myelin products are opsonized by myeloid cells 
and activated microglia. 
3. In this stage, MAC formation exerts protective effects 
through the apoptosis of inflammatory cells and prevention of 
OLG apoptosis



Activated microglial cells, 
which are full of Iron 

deposits (paramagnetic rim)





ʃʄʁɰɽɶɾɮʆɹʅɾʁɹ όɹύ
ʃʁɹɮ ɶ ʅɶɾɾɮʅɹɮ ʆɶʅ 

PIRA/ ɮˊʴʺˌ 
ɳˉʽʵʶʾ˄˖ˋʹˌ(?)





Within 5 years











Remember NEDA??

D/D Enlarging T2 Vs Slowly expanding T1/T2 lesions



T 1 Black Holes/ T2 Lesions





Our results indicate progressive focal and global demyelination in SEL+ participants, and that the presence of SELs might be 
a biomarker for ongoing diffuse or smouldering inflammation within the brain.



EVEN MORE COMPLICATED THINGS







ʃʄʁɰɽɶɾɮʆɹʅɾʁɹ ɹɹ 
ɰɹʁɲɳɹɼʆɳʅ- PIRA/ 
ɮˊʴʺˌ ɳˉʽʵʶʾ˄˖ˋʹˌ 



s-GFAP was significantly higher in PIRA at baseline (median [IQR] 73.9 [60.9ς110.1] vs. 60.3 [45.2ς79.9], p = 0.01).

Repeated measures of s-GFAP levels showed that patients with PIRA during follow-up had higher levels of s-GFAP 
throughout the follow-up when compared to stable patients (p < 0.001).

Glial fibrillary acidic protein (GFAP) constitutes the major 
component of astrocytic intermediate filaments implicated in 

the control of cell motility and morphology, providing structural 
stability to astrocyte processes.











¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ җпм҈ /±{-positive 
ƭŜǎƛƻƴǎκҗм /[κҗм tw[ όƻǇǘƛƳŀƭ Ŏǳǘ-offs) had 
96%/90%/ 93% specificity, 97%/84%/60% 

sensitivity in diagnosis of Multiple Sclerosis

Longitudinal analysis (n = 61) showed that MS cases with >4 PRL at 
baseline were more likely to experience PIRA at 2-year follow-up 
(odds ratio 17.0, 95% confidence interval: 2.1ς138.5; p = 0.008), 

whereas no association was observed between other baseline MRI 
measures and PIRA, including the number of CL.



TSPO: Translocator Protein located in the outer surface of mitochondria



Microglia density in the thalamus is highest in patients with progressive multiple sclerosis and is associated with 
imaging biomarkers of neurodegeneration and clinical disease severity. As a signature imaging biomarker of 
progression in multiple sclerosis, effectively reflecting the global disease burden, 11C-ER176 PET may aid 

development and efficacy evaluation of therapeutics targeting microglia.







Treatment Effectiveness Evaluation



ʃʄʁɰɽɶɾɮʆɹʅɾʁɹ όɹV)  
ɸɳʄɮʃɳɹɮ-ɳɿɮʄʀɶ



ʊˎˋʽˁʺ ʃˇˊʶʾʰ 
ɿˈˋˇˎ 

ɼʰʻˎˋˍʶˊʹ˃ʷ˄ʹ 
ʃʰˊʷ˃ʲʰˋʹ

ɼʰʻˎˋˍʶˊʹ˃ʷ˄ʹ 
ɸʶˊʰˉʶʾʰ

ɴ˄ʰˊ˅ʹ ɸʶˊʰˉʶʾʰˌ
ˋˍʹ ɲʽʱʴ˄˖ˋʹ ʃʰˊʷ˃ʲʰˋʹ ˋˍʹ

ɲʽʱʴ˄˖ˋʹ

ʋˊˈ˄ˇˌ
ɴ˄ʰˊ˅ʹ 
ɿˈˋˇˎ

J ManagCare Pharm. 2004;10(3)(supplS-b):S4-S11

ɴʴˁʰʽˊʹ ʷ˄ʰˊ˅ʹ ˍʹˌ ʻʶˊʰˉʶʾʰˌ 







We recruited patients from the MSBase Registry covering the period between 1996 and 2022. All patients were diagnosed with RRMS and actively followed up for 
at least 5 years to explore the following outcomes: clinical relapses, confirmed disability worsening (CDW) and improvement (CDI), EDSS 3.0, EDSS 6.0, conversion 

to secondary progressive MS (SPMS), newMRI lesions, Progression Independent of Relapse Activity (PIRA). Predictors included demographic, clinical, and 
radiological data, as well as sub-optimal response (SR) within the first year of treatment.












