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Summary. The Post-ECTRIMS Meeting is an emblematic event in the field of multiple sclerosis in Spain. Its chief aim is
bring together the country’s leading specialised neurologists to analyse the main advances made in multiple sclerosis and
to review the most important topics addressed at the ECTRIMS Congress. The tenth Post-ECTRIMS Meeting was held in
November 2017. Over the years this event has firmly established itself as an important meeting point where experts from
all over the country get together to foster communication, establish synergies and promote and enhance research
ultimately aimed at improving the prognosis and quality of life of patients with multiple sclerosis. This first part reports on
the publication of the new European and American clinical guidelines on the use of disease-modifying treatments and the
new diagnostic criteria. It also discusses the strategies for following up patients treated with disease-modifying therapies,
reviews cerebral atrophy and biomarkers of neurodegeneration and neuroinflammation, and analyses the role of neuroglia
in pathogenesis and treatment. The study examines the natural history of the disease, with the evidence provided by
registers, and we anticipate the future thanks to the progress being made in genetics and immunology.

Key words. ECTRIMS. Multiple sclerosis. Post-ECTRIMS.

Diagnosis and differential diagnosis

The diagnostic criteria for multiple sclerosis (MS)
are defined for use in cases of patients with sus-
pected MS, but were not specifically developed to
differentiate MS from other diseases. The magnetic
resonance imaging (MRI) criteria were developed
in patients who begin with clinically isolated syn-
drome (CIS) and present the typical symptoms of
MS, and should not be applied in patients with
non-specific symptoms. MRI is often enough to
confirm the diagnosis, provided that the character-
istic lesions are accompanying a typical clinical
syndrome. In patients with atypical manifestations,
however, it is also necessary to conduct a laboratory
test despite the fact that its performance may be
low and could make it more difficult to interpret
the data [1]. In these patients oligoclonal band anal-
ysis is particularly valuable, especially in subjects
over the age of 50 who present vascular risk factors
or migraine. It should be noted that the predictive
positive value of the oligoclonal bands is higher
than that of MRI, but the predictive negative value
is also higher, which is to say that the risk of false
positives is lower [2]. This is important because
misinterpretation of the MRI often leads to the
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symptoms presented by a patient eventually being
attributed to MS.

When it comes to diagnosis, it is important to
take into account possible errors (some of the most
frequent being the so-called red flags [3]), but also
the fact that gadolinium-enhancing (Gd+) lesions
are not characteristic of the disease, while the same
can be said of meningeal enhancement or failure to
detect black holes. The work by MAGNIMS that
compared the McDonald-2010 criteria with those of
Filippi-2010 concluded that the specificity of the di-
agnostic criteria is still low [4]. Data published after
2012 showed that approximately 10% of patients pre-
sented misdiagnosis of MS [5]. This occurred in pa-
tients with comorbidities that were difficult to diag-
nose, such as fibromyalgia, or with somewhat un-
clear symptoms or psychiatric problems, but a large
percentage came from non-specific lesions of the
white matter or small-vessel ischaemic lesions. A sub-
sequent multicentre study with 110 patients showed
that the diagnoses that could be confused with MS
were not so different. The most notable finding was
that a third of the patients had been diagnosed with
MS for more than 10 years, 77% had received treat-
ment for MS and some have even participated in
clinical trials [6]. The atypical symptoms are the cause
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of misdiagnosis in up to two thirds of the patients, as
the criteria have not been evaluated in patients with
atypical presentations. Another factor to be taken
into account is that over 50% of the patients with
atypical symptoms present alterations in the MRI
The MRI criteria were not developed to distinguish
MS from other diseases and rates of misdiagnosis
reach 24% of all cases. Doubts regarding a possible
overdiagnosis of radiologically isolated syndrome in
clinical practice, given the importance of MRI in
reaching a misdiagnosis, are ruled out provided that
the diagnostic criteria are strictly fulfilled [7].

The differential diagnosis of neuromyelitis optica
is MS. Hypothalamic lesions and extensive lesions
or those involving three vertebral bodies are more
characteristic of neuromyelitis optica, but patients
with this disease can present brain lesions and pae-
diatric patients with MS can even have an extensive
spinal-cord lesion over three vertebral bodies.

Cases have been reported of encephalitis due to
N-methyl D-aspartate antibodies with white matter
lesions in MRI that can have anti-aquaporin-4
(AQP4+) or anti-myelin oligodendrocyte glycopro-
tein (MOG+) antibodies, and present a poorer
therapeutic response profile. A review study com-
pared two series of anti-MOG+ patients with very
similar characteristics. The results showed that
around 60% of patients begin with optic neuritis,
2% with clinical symptoms of the trunk, 15-20%
may meet criteria for neuromyelitis optica, and 70-
80% present a disease characterised by flare-ups
[8]. Theoretically, optic neuritis-MOGH+ is not very
different from optic neuritis-AQP4+, although a
great number of patients with MOG have anterior
compromise and perineuritis [9]. Supratentorial or
infratentorial lesions are different from MS and are
more similar to those of neuromyelitis optica. Nev-
ertheless, the percentage of false positives with
commercial anti-MOG tests can reach 20%.

Some examples of infrequent clinical presenta-
tions include paralysis of the hypoglossal nerve, the
presence of hemiageusia and itching or a myopathy.
Infrequently, however, 3% of the patients with anti-
AQP4 antibodies can present paraneoplastic syn-
dromes, most of them males and with symptoms
involving the trunk or patients with an extensive
myelitis once over the age of 45 [10].

The aim of reviewing the new diagnostic criteria is
to simplify and optimise the use of the McDonald-
2010 criteria, facilitate the early diagnosis of MS,

preserve the specificity of these criteria and reduce
the rate of false diagnoses. Table I shows the main
incorporations, proposals that require more evi-
dence and areas for future research.

As support for these new criteria, the 2017 re-
view confirms the value of including oligoclonal
bands in the diagnosis of MS in patients who met
dissemination in space criteria, as the risk of MS
and specificity of the diagnosis increase significant-
ly [11,12]. To establish dissemination in space, the
2016 MAGNIMS MRI criteria [13] recommend
confirmation of at least three periventricular le-
sions, involvement of the optic nerve, and the pres-
ence of juxtacortical and cortical lesions. These cri-
teria are easy to implement and increase the diag-
nostic capacity if both symptomatic and asymp-
tomatic lesions are taken into account. Including
cortical lesions, however, does not provide much
information about the juxtacortical lesions, al-
though including three periventricular lesions in-
stead of one single lesion reduces the sensitivity
and increases the specificity of the diagnosis of MS.
Nevertheless, in the McDonald-2017 criteria, dis-
semination in space with a periventricular lesion
was finally accepted if there was another cortical or
juxtacortical, infratentorial or spinal lesion. The
role played by the compromise of the optic nerve in
the diagnostic criteria for MS remains unclear.

The search for biomarkers in MS is one of the aims
of the research currently being conducted in this
field, as they will allow faster progress to be made
in the prognosis and treatment of patients, and in
their tailored management. In this edition of the
congress a number of aspects were reviewed rang-
ing from general considerations concerning their
development, validation and use (Figure) to the
biomarkers identified to date in patients with MS
(Tables IT and III).

Data from the large Genome Wide Association
Studies and the International Multiple Sclerosis
Genetics Consortium have been grouped in 15 case
(n = 14,802) and control (# = 26,703) datasets and a
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Table I. New diagnostic criteria for multiple sclerosis.

Considerations for
avoiding misdiagnosis

Perform an MRI scan of the spinal cord
or examination of the cerebrospinal fluid
when faced with:

— Insufficient clinical and radiological
evidence supporting the diagnosis of MS

— Atypical presentations of MS, such
as isolated radiological syndrome

— Atypical forms of clinical presentation

— Populations with a low prevalence
and incidence of the disease

Main
incorporations

If a patient with typical clinically isolated syndrome
and MRI criteria or DIS has oligoclonal bands, meets
DIT criteria and, therefore, can be diagnosed with MS

The symptomatic and asymptomatic lesions must be
taken into account in the assessment of DIS and DIT
criteria by MRI. In the 2010 criteria, symptomatic lesions
were not taken into consideration when a patient
presented attacks involving the trunk or the spinal cord

Unlike the 2010 criteria, cortical lesions must be
taken into account together with the juxtacortical
lesions in order to fulfil the DIS by MRI

The diagnostic criteria for primary progressive MS do

not vary with respect to 2010, although the symptomatic
+ asymptomatic and cortical + juxtacortical lesions can
be taken into consideration for the diagnosis

The diagnosis of the clinical phenotype of the disease,
according to Lublin’s 2014 criteria, should be reassessed
on the basis of new information obtained as the patient
progresses
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Key proposals that
require further evidence

Value or relevance of the
confirmation of more than one
periventricular lesion (e.g. three)

Role of the involvement
of the optic nerve

Management of atypical
presentations, such as isolated
radiological syndrome and
solitary inflammatory lesions

Further areas
of research

Validation of the McDonald-2017
criteria in diverse populations

Validation of the MAGNIMS-2016 criteria
Different MS characteristics

Utility of anti-MOG antibodies

Utility of evoked potentials
Diagnostic biomarkers (not imaging)

DIS: dissemination in space; DIT: dissemination in time; MOG: myelin oligodendrocyte glycoprotein; MRI: magnetic resonance imaging; MS: multiple sclerosis.

total of 8.6 million single nucleotide polymorphisms.
A meta-analysis of these 15 sets showed 26,395 sin-
gle nucleotide polymorphisms with genome-wide
statistical significance.

The aim was to study the genes unrelated to the
human leukocyte antigens (HLA). The strategy
chosen for use in this case was to exclude a wide
region around the major histocompatibility com-
plex, isolate the non-relevant regions of the genome
and repeat the procedure until the polymorphisms
were isolated with a value p < 0.05, which were des-
ignated ‘effects’ (a total of 4,842 single nucleotide
polymorphisms). Of these, the genome-wide ones
showed higher statistical significance (# = 200) and
the rest, i.e. the non genome-wide ones, were di-
vided into suggestive genes, which could be highly
or weakly suggestive, non-replicated, and with no
data for replication. Finally there were a percentage
of genes that provide heritability, some being relat-
ed and unrelated to HLA [14].

These genes express proteins, above all in the
immune system, with a fundamentally regulating
action, and the pathways involved are those for de-
velopment, maturation and terminal differentiation
of cells in the immune system. The architecture of
the genetic map of MS shows genes that are in-
volved in the retroviral integration of the genome,
intron splicing and co-activation of transcription
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factors. In sum, the genes have a regulatory poten-
tial, basically in the immune system and not so
much so in the nervous system, which explains why
MS is an immune-mediated disease, with a genetic
predisposition linked to immunity.

Today the relationship between HLA and autotol-
erance is not fully understood. In Goodpasture dis-
ease, an autoimmune disease that attacks the a,
subunit of type IV collagen, HLA-DR15 confers a
greater risk, while HLA-DR1 provides resistance to
the disease in transgenic mice by increasing the
production of tolerogenic cells [15].

Modulation of the tyrosine kinase 2 gene could
represent a new therapeutic approach for the treat-
ment of autoimmune diseases. There is a variant of
this gene, whose protective C allele would favour a
decrease in the activity of the protein, fundamen-
tally mediated by Th2 cytokines [16].

The BAFF and APRIL cytokines play mediating
roles in the survival and differentiation of B cells; a
variant in TNFSF13B (a gene that codes for BAFF)
is associated with MS and systemic lupus erythe-
matosus. This risk allele, resulting from GCTGT—A
deletion-insertion, is also associated with an over-
regulation of humoral immunity through the in-
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Figure. General considerations for the development and use of biomarkers in multiple sclerosis.

Type of sample

Blood (DNA, serum, plasma, peripheral blood and RNA)
Cerebrospinal fluid (liquid itself and cells)

Faeces, urine, tears

Processing

Process the samples within 1hour and aliquote them

Errors: Delayed processing

Storage

Very important phase

Errors: Prolonged storage, repeated freezing/thawing, different tubes of blood with

different coagulants

Study design

To be kept in mind: Commercial availability, sample requirements, intra- and

inter-trial variability, and the complexity of the trial.

Selection of a suitable control group is essential. Considering the increase in false positives only as
being due to chance as a result of the numerous determinations

Errors: Small sample size, mixing treated and untreated patients in the same study, false positives,
inadequate selection of control group, obtaining samples from different centres with

different protocols, and failure to match samples by age or gender

18

Validation

Important: Internal validation in an independent cohort. External validation, which may consist
in transferring our trial to another laboratory, or testing the same samples from different
laboratories in order to calculate the variation between laboratories or testing new samples to
evaluate the robustness of the trial.

crease in soluble BAFF, B lymphocytes and immu-
noglobulins. This area plays a role in protecting
against malaria [17].

Granulocyte-macrophage colony-stimulating fac-
tor is necessary in the in vivo induction of experi-
mental autoimmune encephalitis (EAE). It has re-
cently been shown that the expression of Foxo3
plays a specific role in the polarisation of CD4+ T
cells towards Thl Eomes+ pathogens, such as CD8,
which produce interferon-y and granulocyte-mac-
rophage colony-stimulating factor [18]. Unlike T-bet,
Eomes+ increases expression as regards the differ-
entiation of B lymphocytes, which is a very inter-
esting result because the cells are increased in the
peripheral blood and the CSF of patients with pro-
gressive forms of the disease [19].

Follicular helper T lymphocytes also seem to
play a role in MS. In comparison to healthy con-
trols, follicular helper cells, and more especially
those with the cell surface markers CCR7+ ICOS+,
increase the production of B cells and interleukins.
Their possible role as a therapeutic target is reflect-
ed in the fact that mitoxantrone lowers the number
of these cells and the production of interleukin (IL)-
21 [20]. The follicular Th17 cells are overrepresent-
ed in the progressive forms, unlike the follicular
Thl cells, which are observed in smaller propor-
tions. These data point to them as a possible pro-
gression marker [21].

The Th17 lymphocytes are increased in active
MS, and IL-17 is present in the active lesions from
lymphocytes and glial cells [22]. Sodium chloride
increases the proportion of Th17 cells and, in fact,
the disease is seen to be more severe in animal
models with EAE that follow a diet rich in salt. Salt-
sensitive kinase plays a critical role in differentiat-
ing pathogenic Th17 cells and in the development
of autoimmunity, as well as in the mechanism by
which an environmental factor like a high-salt diet
promotes inflammation [23].

Melatonin levels are negatively correlated with
activity in MS. Treatment with melatonin improves
the disease in an experimental model by directly in-
terfering with the differentiation between human
and murine T cells [24]. In humans, Thl and Th17
have melatonin receptors that, by activating cellular
signalling pathways, would inhibit the mechanisms
that are set in motion due to the activation of these
cells.

As regards the microbiota, one study conducted
on monozygotic twins discordant for MS (n = 34
pairs) showed that the microbiota from twins with
MS, and not that from their healthy siblings, con-
tained factors that precipitate the development of
an MS-type autoimmune disease in a transgenic
murine model, such as lowered levels of IL-10 and a
lower percentage of bacteria of the genus Sutterella
with a protective immunoregulatory profile [25].

The generalised belief that the blood brain barrier
(BBB) prevents the entry of immune cells to the cen-
tral nervous system (CNS) changed when it was dis-
covered that activated T cells could cross the barri-
ers of the CNS safeguarding the immune system.

Inflammation of the BBB precedes the passage
of activated cells. The analysis of autopsies carried
out within four hours in spontaneous relapsing-re-
mitting EAE shows an early increase in Thl and
Th17 cytokines in the periphery of EAE before any
neuropathological evidence [26]. In the following
we describe other substances related to the passage
of activated cells across the BBB that have been
identified in experimental models or by means of
proteomic and transcriptomic techniques.

The adhesion molecule DICAM (previously de-
scribed as limitrin) is a new member of the super-
family of immunoglobulins that interacts with avp3
integrin expressed in the endothelial cells of the
BBB. DICAM is typically expressed on the surface
of potentially encephalitogenic Th17 lymphocytes,
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Table Il. Neuroinflammation biomarkers identified in patients with multiple sclerosis

Biomarkers Patients (n) Outcome
. . ) Doubles the risk of a second episode,
Tintoré et al [64] 0CBgG (CSF) 415 with €IS regardless of the findings in the MRI scan
OCB IgM (CSF) S Shortens the time until a second episode
Villar et al [65] )
0CB LS-IgM (CSF) as Advances the development of a second episode even more/strong

relationship with the early appearance of a second relapse in MS

Villar et al [66] KFLC (CSF)

25 with NIND, 78 with CIS

Advances conversion to MS

Brettschneider et al [67] CXCL13 (CSF)

45 with CIS, 30 controls

High levels in patients with CIS that convert to MS

Khademi et al [68] CXCL13 (LCR)

387 with MS, 79 with CIS,
357 with other neurological diseases,
14 healthy controls

High levels that predict conversion to CIS
CXCL13 is associated with exacerbations of MS and unfavourable prognosis
Does not appear to be MS specific

Piccio et al [69] CXCL13 (CSF)

26

Levels in CSF diminish with rituximab

Sellebjerg et al [70] CXCL13 (CSF)

15 with CIS, 27 with RRMS, 10 controls with NIND

Levels in CSF diminish with methylprednisolone and natalizumab

Romme Christensen et al [71]  MMP9 (CSF)

40 with PSMS, 21 with PPMS,
36 with RRMS, 21 with NIND

Increased levels in all the forms of MS, particularly during attacks

Fainardi et al [72] MMP9 (CSF)

30 with Gd+ MS, 31 with Gd— MS

High levels in patients with Gd+ lesions

Szalardy et al [73] Osteopontin (CSF) 75 with MS Increased levels at the time of the attack, and correlates with the EDSS
Romme Christensen et al [74]  Osteopontin (CSF) 17 with progressive MS Natalizumab reduces intrathecal levels
Van der Vuurst High levels in CIS versus symptomatic controls,
de Vries et al [75] Soluble CD27 (CSF) 77 with CIS particularly in patients with conversion to MS
Higher levels are associated with a shorter time until MS

. Higher levels are associated with conversion
Cantd et al [76] cxcns (Gsh 800 to MS and a quicker development of disability
Burman et al [77] CXCL13 (CSF) 62 with MS Increased levels in attacks and in patients with more Gd+ lesions

Novakova et al [78] CXCL13 (CSF)

43 with RRMS treated with fingolimod

Levels are modified with fingolimod

Komori et al [79] CXCL13 (CSF)

40 with MS treated with daclizumab

Levels are modified with daclizumab

Stoop et al [80] CHI3LT (LCR)

28

Levels are modified with natalizumab

CIS: clinically isolated syndrome; CSF: cerebrospinal fluid; CXCL13: chemokine (C-X-C motif) ligand 13; EDSS: Expanded Disability Status Scale; KFLC: kappa free light chains; LS: lipid-specific;
MMP9: matrix metallopeptidase-9; MRI: magnetic resonance imaging; MS: multiple sclerosis; NIND: non-inflammatory neurological disease; OCB: oligoclonal bands; PPMS: primary progressive

multiple sclerosis; RRMS: relapsing-remitting multiple sclerosis; SPMS: primary progressive multiple sclerosis.

and this expression is regulated by IL-23, IL-1b and
IL-6, which are cytokines involved in autoimmune
diseases of the CNS. It also responds to monoclo-
nal antibodies and the Fab domain of the anti-DI-
CAM antibody is currently undergoing humanisa-
tion for clinical trials [27].

Epidermal growth factor-like protein 7 (EGFL7)
is a growth factor of the extracellular matrix that is

www.neurologia.com  Rev Neurol 2018; 67 (1): 15-27

expressed in the endothelium of the BBB, and pro-
tects its integrity. Knock-out EAE models for EGFL7
show a poorer progression, higher permeability of
the BBB and greater cell infiltration. Treatment with
recombinant EGFL7 promotes integrity of the BBB
by anchoring CD4+ to the endothelium. This is yet
another example of the complexity of the BBB that
regulates the passage of cells to the CNS [28].
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Table lll. Neurodegeneration biomarkers identified in patients with multiple sclerosis.

Biomarker Patients (n) Outcome
Rojas et al [81] NfL 15 with PSP, 12 healthy controls Increased levels in patients with the disease both
) (peripheral blood)  Validation cohort: 147 with PSP at the baseline level and at one year of follow-up

Steinacker et al [82]  NfL (blood)

42 with CJD, 55 controls

Steinacker et al [83]  NfL (blood) with/without dementia

Weydt et al [84] NfL (blood and CSF) 76 with ALS

Disanto et al [85] NfL (blood)

Sormani [86] NfL (blood)

Patients from the FREEDOMS study

99 with primary progressive aphasias  The levels discriminate among different variants of aphasia

Increased levels in both sporadic
and genetic CJD versus controls

Significantly increased levels in symptomatic ALS
versus mutation-carrying but asymptomatic relatives

and versus non-carrier first-degree relatives

Increased levels in MS, particularly in progressive forms

388 with MS, 254 healthy controls Association regardless of levels of disability

Gradation in relation to the number of T, and Gd+ lesions

Correlation at 24 months in T, (r = 0.45), cerebral atrophy
(r=0.41), in attacks (r = 0.25) and disability (HR =1.7)
Correlation with disability similar to the correlation with MRI
Levels are reduced with fingolimod

Candidate for use as an assessment

variable in future phase Il studies

ALS: amyotrophic lateral sclerosis; CJD: Creutzfeldt-Jakob disease; CSF: cerebrospinal fluid; HR: hazard ratio; MRI: magnetic resonance imaging; MS: multi-
ple sclerosis; NfL: neurofilament light chain; PSP: progressive supranuclear palsy.

Integrin-oy is a new mediator of the migration of
proinflammatory T lymphocytes across the BBB. Its
main ligand, nephronectin, is a protein in the extra-
cellular membrane that is expressed in endothelial
cells in the BBB. Blockage of the binding site of o di-
minishes Th1 and Th17, but not the migration of Th2
cells in an in vitro model of the BBB. Furthermore,
injections of ag-blocking peptide reduce the clinical
severity and limit the infiltration of proinflammatory
T lymphocytes in the CNS of EAE models [29].

In a murine model, the specific expression of the
autoantigen haemagglutinin by the endothelial cells
of the BBB activates antigen non-specific naive
TCD8 cells in vitro and in vivo, and induces their
proliferation in vivo. The endothelial cells induce
migration of antigen-specific cytotoxic TCD8 cells
towards the CNS [30]. These findings underline the
fact that the endothelial cells act as a sort of anti-
gen-presenting cell and that they could be involved
in infectious or inflammatory diseases of the CNS.

The factors secreted by the reactive astrocytes
open the BBB by altering the endothelial tight junc-
tions, but the mechanisms that control access across
the glia limitans remain unknown. In inflammatory
lesions a second barrier is induced in the glia limi-
tans, consisting of reactive astrocytes that express
claudin-1, claudin-4 and junctional adhesion mole-

cule-A. In human co-cultures, the claudin-4 defi-
cient astrocytes are unable to regulate the segrega-
tion of lymphocytes. In inflammatory models and
models with MS, mice with deletion of the claudin-4
gene show exacerbated humoral and leukocytic in-
filtration [31]. For the first time, a second barrier in-
ducible to the entrance of CNS at the level of the
glia limitans is identified, which can be a therapeu-
tic target in inflammatory diseases of the CNS.

The increase in CD4+ Th17 lymphocytes in the pe-
ripheral blood of patients with relapsing-remitting
MS treated with natalizumab confirms the mecha-
nism of action of the drug, that is, it blocks migra-
tion to the CNS [32]. This increase, however, does not
appear to be related to disease relapse. Moreover, the
CD11c+ antigen-presenting cells seem to play a safe-
guarding role in neuroinflammation; these CD11c+
cells are organised in perivascular groups and are a
target for the T cells and strongly express proinflam-
matory cytokines. CD11c+ participate in the attrac-
tion of pathogenic T cells towards the CNS and in
their survival; their depletion reduces the severity of
the disease to a notable extent [33].

www.neurologia.com  Rev Neurol 2018; 67 (1): 15-27



The direct action of Th17 on the neurons through
the VCAM integrin activates potassium and calcium
channels with the subsequent release of glutamate. In
fact, the Th17 cells induce severe, localised and par-
tially reversible fluctuations in the neuronal intracel-
lular Ca2* concentration as an early sign of neuronal
damage. These results highlight the key role of the ef-
fector phenotype of the Th17 cell in the neuronal
dysfunction in chronic neuroinflammation [34].

Oxidative stress begins by means of the activated
macrophages and microglial cells and augments
through mitochondrial damage. In the very early
stages of the inflammation changes are produced in
the gene expression of the mitochondria towards
an increase in the genes related to the production
of oxygen reactive species. When mitochondrial
damage occurs due to oxidative stress, the phenom-
enon expands and the number of mitochondria af-
fected increases, which leads the cell to a state of
greater vulnerability and the activation of apoptosis
[35]. The neurons with mitochondrial deficiency
are mainly found in cortical lesions and regions of
the normal appearing grey matter, which is corre-
lated with meningeal inflammation in MS [35].

As the individual gets older, the iron and ferritin
deposits in the oligodendrocytes increase. In active
lesions, the damaged oligodendrocytes release the
iron deposits, cause microglial activation and per-
petuate the cycle of the lesion by producing and
stimulating more free radicals. Further knowledge
of each stage of the cycle is helping in the design of
new drugs.

Astrocytes are the most abundant cells in the CNS
and are what provide the structural support for the
grey matter. They also participate in the cohesion of
the BBB and in intra- and extracellular homeosta-
sis, as well as lending trophic support to neurons
and oligodendrocytes, and playing a part in synap-
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togenesis, myelination and neurogenesis. There are
differences in the patterns of expression of micro-
RNA from one area of the brain to another, and also
between the adult and the foetal brain [36]. The
proinflammatory phenotype is especially harmful
and is located in the innermost layers of the cortex
and the white matter. The reactive astrocyte is acti-
vated by means of microglial cells through IL-1-«,
tumour necrosis factor-a and Clq, which are cur-
rently being researched as possible therapeutic tar-
gets. The activated astrocyte loses its capacity to
promote neuronal survival and takes on a neuro-
toxic function that will end up triggering neuronal
death and that of the mature oligodendrocyte. Pre-
clinical studies have shown that blockade of the ac-
tivated astrocyte prevents neuronal death [37].

Microglial cells form a resident group of cells in the
CNS that, on becoming active, take on a mac-
rophagic phenotype. In healthy controls, activated
microglial cells in the normal appearing white mat-
ter increase with age. Inflammation and degenera-
tion are also related to an increase in the activated
microglial cells of the predominantly proinflamma-
tory phenotype and to oxidative stress markers.
They are also involved in the co-stimulation of T
and B cells, in phagocytosis and in the presentation
of antigens [38]. Many microglial cells with the in-
flammatory phenotype are present in active lesions
while the number of those of the homeostatic phe-
notype diminishes. There is a steeply downward
regulation of the genes associated with a homeo-
static function of the microglial cells on the edge of
the lesion and in the active centre of the lesion [38].

Imaging studies that combine positron emission
tomography and 7T MRI show a greater enhance-
ment of markers related to the activated microglial
cells in areas where there is a lesion. Nevertheless,
enhancement is diffuse in comparison to healthy
controls and in different regions of the brain regard-
less of whether there are lesions present or not [39].
On comparing the number of immune cells from ce-
rebrospinal fluid and their respective specific cellular
soluble biomarkers between the progressive and re-
curring forms, surprisingly the number of intrathecal
B and T cells is similar, although in the progressive
forms they are preferably integrated within the tissue
of the CNS [40]. The weak correlation between the
active lesions in the MRI scan and the soluble mark-
ers of the cell surface suggests the absence of any rup-
ture of the BBB and provides support for the phe-
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nomenon of inflammation compartmentalisation.
While such perivascular inflammation is infrequent,
infiltration of T cells in brain tissue is usually present
in progressive MS [40]. Meningeal inflammation also
plays a role in the pathology of the progressive dis-
ease [41]. Cases of primary progressive MS with ex-
tensive meningeal lymphocyte infiltration display a
more severe clinical course, with a shorter duration
of the disease and death at an earlier age. Generalised
diffuse inflammation of the meninges and the associ-
ated inflammatory medium in the subarachnoid
compartment are involved in the pathogenesis of the
cortical lesions of the grey matter [41].

Oligodendrocytes and oligodendrocyte precur-
sor cells also exist in chronic lesions, although the
number decreases with the time of disease progres-
sion. However, remyelination often fails, probably
due to a lack of receptive axons [42]. The remyeli-
nation process is very heterogeneous depending on
the patient and the form, although the general con-
cept is that the primary progressive forms, and es-
pecially in the regions of the grey matter, are the
ones that remyelinate the most.

With the development of drugs that are capable
of crossing through to the CNS, of controlling acti-
vated microglial cells and free radicals, of promoting
remyelination, and of reducing the T and B cells it
would become possible to control the disease. Pre-
clinical studies have shown that drugs that are po-
tentially capable of inhibiting the microglial cells
lower the severity of EAE, as is the case of laquini-
mod, hydroxychloroquine, dipyridamole or minocy-
cline. The latest trial with minocycline in clinically
isolated syndrome met the main objective of reduc-
ing the risk of conversion at six months versus pla-
cebo, but not at 24 months, although the assignation
of patients to the different groups is questionable
[43]. In EAE, the combination of minocycline with
hydroxychloroquine shows synergic effects in the in-
hibition of microglial cells [44]. Remyelinating thera-
pies represent a new direction and challenge in MS
[45]. Domperidone, as a stimulant of the secretion of
prolactin, and biotin with dual effects on remyelina-
tion or an increase in ATP synthesis in demyelinated
axons are drugs currently under research [46].

Cerebral atrophy occurs in MS from onset and pro-
gresses in a similar proportion in the different forms

of the disease. Structures that are more susceptible
to early atrophy, such as the thalamus, could be
used to follow up disease progression; additionally,
this could be considered a predictive factor of pro-
gression of the Expanded Disability Status Scale
(EDSS) in the medium term, together with the vol-
ume of lesions in T,. It should be remembered that
measurements of brain volume are related to cog-
nitive impairment in any of its domains, that is,
both cortical atrophy and that of the deep struc-
tures of the grey matter.

Spinal atrophy, measured in 3 T MRI via the area
of the upper cervical spinal cord, has proved to be
useful for monitoring the progression of disability
[47]. It can be measured in MRI scans of the cervi-
cal spinal cord and in the portion of the cervical
spinal cord that is visible in MRI brain scans, with
an excellent agreement between the two (absolute
intraclass correlation index: 0.987) [48], which would
result in reductions in the time needed to study a
patient and the costs.

Most of the drugs that have been approved in the
last decade for the treatment of MS reduce cerebral
atrophy, but in clinical trials. This measurement,
however, may not be useful in the first year of treat-
ment due to the pseudoatrophy effect, since many
drugs, some of which have a strong anti-inflamma-
tory effect such as natalizumab, give rise to a great-
er loss of brain volume in the first year of treatment.
In clinical trials with natalizumab, this measure-
ment does not reflect its protective effect in the de-
velopment of cerebral atrophy until the third year
[49]. A meta-analysis of 13 clinical trials with 13,500
patients evaluated whether the effect of drugs like
fingolimod, cladribine, alemtuzumab and dimethyl
fumarate in the progression of disability can be ex-
plained by their effect on cerebral atrophy [50]. The
results show that 50% of the effect on disability can
be explained by changes in brain volume and the
figure rises to 75% if measurements of the lesions
are added. That is, changes in brain volume improve
the prediction of new lesions.

There is no clinically relevant threshold in clini-
cal practice or at the individual level that allows its
routine use. One study analysed the association be-
tween the loss of brain volume during the first year
of treatment with interferon and the clinical out-
comes at four years. The threshold identified and
associated with greater EDSS progression in the
fourth year was a loss of volume above 86%, with a
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specificity of 65%, but with a low predictive positive
value. As a result, many patients who lost brain vol-
ume above that figure remained stable. One of the
explanations for this is the effect of pseudoatrophy,
since the change in volume was measured in the
first year of treatment [51]. Another study investi-
gated the volume loss threshold that was useful in
clinical practice by comparing the losses of volume
among patients with MS and healthy controls dur-
ing an average follow-up of seven years. A loss of
volume above 0.4% up to 0.52% was shown to dis-
criminate between patients and controls, with a
specificity of 80-95% [52]. Whether or not this is
useful in clinical practice has still to be determined.

Heterogeneity in the measurement of brain volume,
as a result of physiological variations, image acqui-
sition or errors in readings, cannot be ruled out, as
the changes that are measured in MS are not very
large. For instance, variations in the level of hydra-
tion can lead to changes in the measurement of vol-
ume of up to 0.3% [53] and of 0.2% depending on
the time of day at which the MRI scan was per-
formed [54].

This variability could be resolved at the experi-
mental and practical level. In sum, it is necessary to
optimise image acquisition and interpretation, and
to find standardised rates of atrophy that allow the
use of this measurement in clinical practice.

Normal myelination of the CNS requires the for-
mation of functionally mature oligodendrocytes
from oligodendrocyte precursor cells. It is accept-
ed, although the mechanisms are not fully under-
stood, that oligodendrocytes preferably myelinate
electrically active axons, that is to say, physiological
myelination is dependent upon activity [55,56]. To
evaluate whether remyelination is also a process
dependent upon activity, an in vivo technique
known as optogenetics is being used in murine
models. This technique is a combination of optical
and genetic methods for transferring the DNA that
codes for several light-sensitive proteins of bacterial
origin, called opsins, to a specific group of neurons.
Their activation allows ions to cross the membrane,
thereby producing activation or inhibition. This
technique, which was considered technique of the
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year by the journal Nature in 2010 [57], entails the
development of proteins and strategies for intro-
ducing the genes into target cells or tissues, thus
resulting in their expression in some neurons but
not in others.

The first step is to use a promoter to achieve the
expression of the gene that codes for opsin, which
uses a virus as a vehicle, and is introduced into a
mouse. A fibre-optic cable is then attached to the
animal to stimulate it with the appropriate wave-
length; when stimulated, this ion channel opens, the
ions flow and the cell is activated. In this murine
model [58], a lesion is generated in the corpus callo-
sum by injecting lysophosphatidylcholine to elimi-
nate the myelin, but the axons are still alive and con-
tinue to express opsin within the lesion itself. In the
mouse that is stimulated for three hours the number
of oligodendrocyte precursor cells is significantly
higher than in the control. Some days later, the num-
ber of differentiated oligodendrocytes and myelinat-
ed axons is also significantly higher. That is to say,
neuronal activity induces proliferation and differen-
tiation of oligodendrocyte precursor cells, as well as
restoration of myelin during remyelination.

With a similar approach, another study evaluat-
ed whether there is evidence of adaptive myelina-
tion when a subgroup of axons in the CNS of
healthy adults is stimulated, and whether it is limit-
ed to stimulated axons or also affects neighbouring
axons. By means of a pharmacological model previ-
ously described elsewhere [59], a selective group of
axons were stimulated to respond to clozapine-N-
oxide instead of acetylcholine, resulting in a greater
density of differentiated oligodendrocytes and a
70% increase in myelinated axons with respect to
controls. The thickness of the myelin thus formed
was greater in the active axons. This effect did not
spread to the neighbouring axons but was, instead,
specific to the stimulated axons. The authors con-
cluded that the pharmacogenetic promotion of
neuronal activity increases the proliferation of oli-
godendrocyte precursor cells, doubles the baseline
rate of oligodendrocyte differentiation and con-
firms the preference for active axons in myelina-
tion, and that the myelin is thicker in active axons.
Furthermore, the degree of activity and conduction
blockade can have an impact upon remyelination in
demyelinating diseases.

A damaged CNS modifies its structure and function
by means of changes in behaviour, including chang-
es in rehabilitation or motor patterns. The question
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therefore arises as to whether non-invasive brain
stimulation, by means of simple repetitive magnetic
stimulation or direct transcranial stimulation, could
serve as an adjunct to rehabilitation. Although there
are different techniques, they both have effects on
the induction of synaptic plasticity, the production
of neurotrophic factors, mainly brain-derived neu-
rotrophic factor, gene expression and the modula-
tion of levels of neurotransmitters [60]. Both of
them have been approved by the US FDA for the
treatment or other pathologies, but in MS the data
published to date on their benefits in spasticity,
working memory, fatigue and cognitive alterations
are not conclusive [61-63].

Combining physical therapy and non-invasive
brain stimulation can have synergic effects. Indeed,
brain stimulation can prepare cortical excitability
for a subsequent motor training task, thereby opti-
mising the processes that are involved in standard
rehabilitation therapies. Nevertheless, aspects such
as the moment of application, the stimulation pa-
rameters, etc. are in need of further clarification. In
addition, the outcomes can be task-dependent,
hence the need for further preclinical and phase III
studies.

The most significant piece of data from the new di-
agnostic criteria is that oligoclonal bands satisfy the
dissemination in time criteria, as they were not tak-
en into account in the 2010 criteria, except in the
primary progressive forms. The main problems of
the diagnostic errors in MS include MRI and atypi-
cal symptoms. Yet the lack of a standard for com-
plementary tests that are carried out systematically,
over and beyond the value of the clinical features,
leads the clinician to rely more on what can be ex-
plained and seen in the patient for guidance. The
diagnostic error figures can also be explained by
the exclusion of cerebrospinal fluid from the stud-
ies needed to diagnose MS. Cerebrospinal fluid is,
however, fundamental and will be incorporated if
the new diagnostic criteria are accepted.

As regards biomarkers, blood will possibly re-
place cerebrospinal fluid as a biological sample for
quantifying the levels of neurofilament light chain
and it seems clear that, in addition to measure-
ments of inflammation, atrophy can also be used to
predict therapeutic response. No clear-cut decision
has been made regarding measurement of overall
or regional brain volume, although experience to
date uses measurement of overall brain volume.

This is what will have to be implemented in clinical
practice provided that thresholds are identified that
make it possible to assess a suboptimal response to
a drug or simply a progression.
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Resumen. La reunién Post-ECTRIMS es una reunién emblematica en el ambito de la esclerosis miltiple en Espafia, con el
claro objetivo de analizar, de la mano de reconocidos neurdlogos especialistas nacionales, los principales avances en es-
clerosis multiple y revisar los temas mas importantes del congreso ECTRIMS. En noviembre de 2017, la reunién Post-
ECTRIMS celebré su décima edicién, y se ha consolidado como un importante foro de encuentro de expertos en nuestro
pais para favorecer la comunicacidn, establecer sinergias, y promover y potenciar la investigacién para mejorar, en ultima
instancia, el prondstico y la calidad de vida de los pacientes con esclerosis miltiple. En esta primera parte se avanza la
publicacién de las nuevas guias clinicas europea y americana para el uso de los tratamientos modificadores de la enfer-
medad, y los nuevos criterios diagndsticos. Se discuten las estrategias para el sequimiento de los pacientes tratados con
terapias modificadoras de la enfermedad, se revisan la atrofia cerebral y los biomarcadores de neurodegeneracién y neu-
roinflamacion, y se analiza el papel de la neuroglia en la patogenia y el tratamiento. Se hace un recorrido por la historia
natural de la enfermedad, con la evidencia que aportan los registros, y nos adelantamos al futuro gracias a los avances en
genética e inmunologia.
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