


Multiple Sclerosis- Chronic Neurodegenerative Disease

• Multiple 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. 

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

• With lymphocytes entering the brain in the course of 
immune surveillance, 

• Lymphocyte recognition of their cognate-antigen within the 
central nervous system, 

• Re-activation of these lymphocytes, 

• Production of a variety of pro-inflammatory mediators, 
activation of microglia and 

• Recruitment of additional cells and serum components 
through the impaired blood-brain barrier. 

NEJM 2000;343:938-952

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 blood–brain 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, whereas the 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 follicles where clearly separated T-cell, B-cell, 
and plasma cell areas can be seen.

• 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

• Multiple 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: 1132–1140

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 Virchow–Robin spaces. They are typically found in 40–70% 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 Immunology volume 18, pages1353–1374 (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 antigens to T cells, to the inflamed CNS might contribute 

to the immunopathology of MS. 

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

ΠΕΡΙΒΑΛΛΟΝΤΙΚΟΙ ΠΑΡΑΓΟΝΤΕΣ ΚΑΙ ΠΟΛΛΑΠΛΗ ΣΚΛΗΡΥΝΣΗ

Ιός 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)





ΠΡΟΒΛΗΜΑΤΙΣΜΟΙ (Ι)
ΠΟΙΑ Η ΣΗΜΜΑΣΙΑ ΤΗΣ 

PIRA/ Αργής 
Επιδείνωσης(?)





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







ΠΡΟΒΛΗΜΑΤΙΣΜΟΙ ΙΙ 
ΒΙΟΔΕΙΚΤΕΣ- PIRA/ 
Αργής Επιδείνωσης 



s-GFAP was significantly higher in PIRA at baseline (median [IQR] 73.9 [60.9–110.1] vs. 60.3 [45.2–79.9], 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.











The presence of ≥41% CVS-positive 
lesions/≥1 CL/≥1 PRL (optimal cut-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: 2.1–138.5; 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



ΠΡΟΒΛΗΜΑΤΙΣΜΟΙ (ΙV)  
ΘΕΡΑΠΕΙΑ- ΕΝΑΡΞΗ



Φυσική Πορεία 
Νόσου 

Καθυστερημένη 
Παρέμβαση

Καθυστερημένη 
Θεραπεία

Έναρξη Θεραπείας
στη Διάγνωση Παρέμβαση στη

Διάγνωση

Χρόνος
Έναρξη 
Νόσου

J Manag Care Pharm. 2004;10(3)(suppl S-b):S4-S11

Έγκαιρη έναρξη της θεραπείας 







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), new MRI 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.

















Category 1 (dimethyl fumarate, Diroximel fumarate, glatiramer acetate, 
teriflunomide, and interferons),

Category 2 (cladribine, S1P-modulators) and 

Category 3 (alemtuzumab, natalizumab, ocrelizumab, ofatumumab and 
rituximab).







< 6 months



ΠΡΟΒΛΗΜΑΤΙΣΜΟΙ (V)  
ΘΕΡΑΠΕΙΑ- ΕΝ ΕΞΕΛΙΞΗ 

ΘΕΡΑΠΕΙΕΣ



6 months

Extended 

Relapse

Disability

Severe infection









ΠΡΟΒΛΗΜΑΤΙΣΜΟΙ (VΙ)  
ΘΕΡΑΠΕΙΑ-

ΑΝΟΣΟΓΗΡΑΝΣΗ/ 
ΔΙΑΚΟΠΗ ΘΕΡΑΠΕΙΑΣ
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ΠΡΟΒΛΗΜΑΤΙΣΜΟΙ (V)  
ΝΕΩΤΕΡΕΣ ΘΕΡΑΠΕΙΕΣ



ΑΥΤΟΛΟΓΗ 
ΜΕΤΑΜΟΣΧΕΥΣΗ 
ΑΙΜΟΠΟΙΗΤΙΚΩΝ 

ΒΛΑΣΤΟΚΥΤΤΑΡΩΝ







CAR T-cells



CAR T cell - Wikipedia

Chimeric Antigen Receptor

https://en.wikipedia.org/wiki/CAR_T_cell


CAR-driven expansion of pathogenic T cells could theoretically lead to severe worsening of MS symptoms and ICANS, 
which would be expected to occur during the expansion phase of the CAR-T cells. However, we did not observe CAR-T 

cell-related neurological toxicity, which is especially notable given the substantial expansion of CAR-T cells in the CSF of 
the patients. This finding is particularly noteworthy since CAR-T cell expansion in the CSF has only been reported 

concurrently with the clinical presentation of Immune effector cell-associated
neurotoxicity syndrome (ICANS ) in patients with lymphoma.

The presence of CAR-T cells in CSF 
underlines the benefit of CAR-T cell 
therapy in penetrating immune 
compartments, which have not been 
accessible to systemic application of B-
cell-depleting monoclonal antibodies.







Anti-BCMA CART T-cells: T-cells to target the B-cell 
maturation antigen (BCMA) protein found on myeloma cells







BTK Inhibitors



CD 20
Bruton’s tyrosine kinase (BTK) is a critical 

molecule in intracellular signalling from the 
receptor of B cells and receptors expressed 

in the cells of the innate immune system



Bruton’s tyrosine kinase inhibitors, which are 
very small molecules, address not only the 

adaptive but also the innate immune system 
and can reach the CNS easily



HERCULES (NCT04411641) was a double-blind randomized phase 3 clinical study evaluating the efficacy and 
safety of tolebrutinib in participants with nrSPMS, defined at baseline as:
• having a SPMS diagnosis with an expanded disability status scale (EDSS) between 3.0 and 6.5,
• no clinical relapses for the previous 24 months and
• documented evidence of disability accumulation in the previous 12 months. 
Participants were randomized (2:1) to receive either an oral daily dose of tolebrutinib or a matching placebo 
for up to approximately 48 months.

The primary endpoint was 6-month CDP defined as the increase of ≥1.0 point from the baseline 
EDSS score when the baseline score is ≤5.0, or the increase of ≥0.5 point when the baseline EDSS 
score was >5.0.



In participants with non-relapsing secondary progressive multiple sclerosis, the risk of disability progression was lower among those who 
received treatment with tolebrutinib than among those who received placebo.

31% reduction of CDP

1.9 times more chance 
to present  CDI



EMA: 1st 2026 Trimester







FREXALIMAB









ΑΛΛΕΣ ΠΡΟΣΠΑΘΕΙΕΣ



Effects of complement 
inhibition in MS animal 

models.

Major difficulty: poor penetration of closed BBB- Techniques to overcome this obstacle









LL-341070 increases the number of oligodendrocytes, boosts myelin production or repair, and 

improves nerve cell function. - Remyelination

PIPE-307 is an investigational, first-in-class oral therapy in development for relapsing-
remitting multiple sclerosis (RRMS) by promoting the production of myelin in the brain. 

Remyelination

A combination of metformin and clemastine, an antihistamine, helps repair myelin-

2025. (previous studies with clemastine alone- worsening disability!). Remyelination

Neuroprotection



Chronic active lesions in MS white matter are 
characterized by the presence of classically activated 
pro-inflammatory phenotype microglia/macrophage, 
with the occurrence of partial remyelination, which is 
observed as shadow plaques (B). Regenerative milieu 
through MS plaques may be possible as a result of a 
novel cellular delivery of NgR(310)ecto-Fc protein to 
the site of inflammatory lesions. The modification of 
the diseased tissue milieu may shift the phenotype of 
microglia/macrophages from a classically active pro-
inflammatory to an alternatively activated anti-
inflammatory phenotype (C). Anti-inflammatory 
microglia/macrophages may increase phagocytosis of 
NgR(310)ecto-Fc-bound myelin debris to expedite 
neural repair (D,E). The events favour differentiation 
and mobilization of OPCs to the site of lesions and 

the enhancement of remyelination (F).



ΜΕΤΑΜΟΣΧΕΥΣΗ 
ΜΕΣΕΓΧΥΜΑΤΙΚΩΝ 
ΒΛΑΣΤΟΚΥΤΤΑΡΩΝ-

Secretome



Paracrine Function

• MSCs are highly secretory. Neurotrophic growth factors increase neuronal proliferation, survival (MSCs neuroprotective 
capacity), and endogenous neurogenesis. 

• The paracrine functions of the MSCs are mediated through secreted molecules (cytokines, chemokines, growth factors, 
extracellular vesicles), collectively named the Secretome. The secretome effectively inhibits T-cell proliferation and reduces 
the production of pro-inflammatory cytokines. Macrophages are shifted from a pro-inflammatory phenotype to a pro-
regenerative phenotype. Finally, it enhances oligodendrogenesis and neurogenesis. 

Remyelination

• The secreted factors of MSCs can activate oligodendrogenesis in postmitotic neural progenitor cells by boosting 
oligodendroglial differentiation and maturation leading to Remyelination.

Immunomodulation of the Adaptive Immune System in MS

• MSCs offer a potential avenue for immunomodulation in MS fostering regenerative processes. This is done through induction 
of regulatory T and B cells as well as regulation and suppression of T cell activation   



Immunomodulation of Microglia in MS

• MSCs significantly inhibit the expression of pro-inflammatory mediators in M1 microglia promoting in that way the release of 
anti-inflammatory factors and helps for neural cells regeneration through the secretion of neurotrophic factors

Migration

• MSCs have the impressing ability to migrate toward areas of damage or inflammation within the CNS. The initial step 
involves MSCs tethering and rolling on the endothelial cell surface, mediated by interactions between endothelial cell 
selectins and MSC-expressed ligands. MSCs are directed toward the injury site by chemotactic signals.

A significant hurdle is the pulmonary first-pass effect, where most intravenously 
administered MSCs become entrapped in the lungs!

Alleviation of Ferroptosis

In MS, iron accumulation progressively increases from RRMS to progressive MS. A hallmark of slowly expanding lesions that are
more common in progressive MS is a rim of activated iron-containing microglia. Ferroptosis in microglia could be suppressed and 
symptoms alleviated by treating animals with MSC-derived exosomes containing the microRNA, miR-367-3p.





The primary aim of this systematic review and meta-
analysis (SRMA) was to comprehensively assess the 
effectiveness and safety of MSC therapy in individuals 
diagnosed with MS.

Eligibility Criteria: We only included studies in this SRMA 
that reported the efficacy and safety of MSC therapy in 
human patients with MS based on the changes in the 
Expanded Disability Status Scale (EDSS) score from the 
baseline to the follow-up period.



Subjects were stratified according to baseline Expanded Disability Scale (EDSS) (3.0-
6.5) and disease subtype (secondary or primary progressive MS) and randomized into 
either treatment or placebo group to receive six IT injections of autologous MSC-NPs 

or saline every two months.

The study population consisted of ambulatory, non-
relapsing SPMS and PPMS patients who did not have 

MRI evidence of active disease.



Discussion 1

• Although MSCs have shown beneficial results in in vitro and in vivo models of demyelination and axonal injury, this does not 
necessarily mean the same applies to the human CNS.

• Several clinical trials have been performed testing MSCs transplantation in MS. Although most studies have shown safety and 
clinical improvement in a subset of patients, the studies differ in inclusion criteria, endpoints, MSC administration, type of 
MSCs, method of culturing, and study design, which makes the results hard to combine or compare. Trials showing the most 
promising results have a small number of participants and lack a control group! 

Why do we have this discrepancy?
• First, as MS is a disease only occurring in humans, there is no completely satisfactory in vivo MS model.
• Secondly, MSCs represent a heterogeneous population with minor variations from person to person, which may affect 

therapeutic efficacy. BM-derived MSCs from MS patients have also shown a reduced proliferative capacity and accelerated 
cellular aging compared to BM-MSCs from healthy persons. Similarly, cryopreservation can also impact the MSCs, which can 
lead to altered clinical effects. Most clinical trials have used cryopreserved MSCs.

• Third, in many rodent studies showing beneficial results, the number of administered MSCs has proportionally been far 
higher than in clinical trials. One million MSCs per mouse have been injected intravenously or intraperitoneally. As mice weigh 
20 g, the equivalent dose for a 70 kg human would be 3.5 billion MSCs! It may not be surprising that a trial with an 
intravenous dose of 1–2 million MSCs/kg body weight in humans has failed to show the same positive effects!



Discussion 2

• Small numbers of MSCs can migrate into the CNS following systemic administration since most MSCs become trapped in the 
lungs shortly after injection. Trials assessing intrathecally delivered MSCs have generally shown more promising results than 
those applying the intravenous route.

• Recently, the results of the first placebo-controlled trial using intrathecal administration were published and showed that 
more patients treated with MSCs exhibited no evidence of disease activity and improved disability scores compared to the 
sham-treated group. 

• Despite these promising results, more data from randomized trials are needed, especially in patients with progressive MS 
without active disease, for which there is no treatment available to prevent neural degeneration.

• We cannot answer simple questions, like what happens to the cells once they are infused into the patient. How long do they 
survive and exert their function? If the MSCs are not integrated within the CNS tissue, which most pre-clinical studies suggest, 
the effect will likely be transient. Consequently, the transplantation must be repeated, decreasing its therapeutic value as the 
production of MSCs for clinical use is expensive and resource-demanding. Recent trials have also shown that inflammatory 
reactions in the form of arachnoiditis can appear as a complication after intrathecal transplantation.

• Because MSCs are highly secretory, the repeated administration of a cell-free secretome may be an alternative, as studies 
have indicated in pre-clinical models. A cell-free product may also be injected in less invasive ways, such as intranasal.







• BMSCs- Exos were isolated and characterized. An EAE model was then established, and these 
exosomes were administered intranasally to the mice.

• Intranasal delivery of BMSCs-Exos ameliorates the severity of EAE disease, reducing inflammatory 
infiltration in the CNS and demyelination in the spinal cord.

• Our study suggests that intranasal administration of BMSCs-Exos significantly reduces inflammatory 
infiltration and demyelination in the CNS of EAE mice. Furthermore, this treatment does not 
influence the differentiation of T cells in the spleen.



ΣΑΣ ΕΥΧΑΡΙΣΤΩ ΠΟΛΥ ΓΙΑ ΤΗΝ ΥΠΟΜΟΝΗ ΣΑΣ


