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Cognitive impairment in multiple sclerosis: lessons from 
cerebrospinal fluid biomarkers
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Abstract  
Cognitive impairment is a common clinical manifestation of multiple sclerosis, but its 
pathophysiology is not completely understood. White and grey matter injury together with 
synaptic dysfunction do play a role. The measurement of biomarkers in the cerebrospinal 
fluid and the study of their association with cognitive impairment may provide interesting 
in vivo evidence of the biological mechanisms underlying multiple sclerosis-related 
cognitive impairment. So far, only a few studies on this topic have been published, giving 
interesting results that deserve further investigation. Cerebrospinal fluid biomarkers of 
different pathophysiological mechanisms seem to reflect different neuropsychological 
patterns of cognitive deficits in multiple sclerosis. The aim of this review is to discuss the 
studies that have correlated cerebrospinal fluid markers of immune, glial and neuronal 
pathology with cognitive impairment in multiple sclerosis. Although preliminary, these 
findings suggest that cerebrospinal fluid biomarkers show some correlation with cognitive 
performance in multiple sclerosis, thus providing interesting insights into the mechanisms 
underlying the involvement of specific cognitive domains. 
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Introduction 
Cognitive impairment (CI) is an important determinant of 
disability in patients with multiple sclerosis (MS) (Chiaravalloti 
and DeLuca, 2008). Since cognitive deficits due to MS have 
a subtle extent, for a long time CI has not been considered 
as part of the clinical picture of the disease (Grzegorski 
and Losy, 2017; Messinis et al., 2018). Conversely, CI is 
now recognized as a core feature of MS, involving multiple 
cognitive domains, especially learning, episodic memory and 
processing speed (Chiaravalloti and DeLuca, 2008; Benedict 
et al., 2017; Artemiadis et al., 2018;  Matías-Guiu et al., 2018; 
Sumowski et al., 2018). More than a half of individuals with 
MS manifests some degree of neuropsychological impairment 
along the disease course, even at its earliest and preclinical 
stages (Langdon, 2011; Amato et al., 2012). Studies on the 
prevalence of CI in MS have shown heterogeneous results, 
largely due to the choice of different inclusion criteria and 
neuropsychological tests (Artemiadis et al., 2018; Messinis 
et al., 2018). Indeed, prevalence of CI has been reported to 
range between 40% and 70% in MS (Chiaravalloti et al., 2013; 
Benedict et al., 2017; Grzegorski and Losy, 2017; Artemiadis 
et al., 2018). On the other side, the prevalence of dementia is 
quite low, reaching no more than 10–25% of patients with MS 
(Grzegorski and Losy, 2017). 

The precise mechanisms responsible for CI in MS are not 
completely known, and this hampers a correct evaluation 
and outcome estimation of CI, as well as the identification 
of possible management strategies. MS is an immune-
mediated disease of the central nervous system (CNS), usually 
starting in the early adulthood, and it is characterized by the 
appearance of focal inflammatory demyelination and neuronal 

injury in both the white and grey matter, due to recurrent 
infiltration of activated lymphocytes from the periphery to 
the CNS (Dendrou et al., 2015). Along the disease course, the 
frequency of externally driven focal inflammation decreases, 
and progressive axonal and neuronal loss, together with a 
diffuse glial dysfunction and organization of lymphocytes 
within ectopic follicle-like structures, prevail (Stadelmann, 
2011). Because of the involvement of both immunological 
and neuronal players in the disease pathophysiology, the 
biological mechanisms underlying MS-related CI are complex 
and intertwined (Di Filippo et al., 2018). In a simplistic view, CI 
has been variably found to be associated with both structural 
injury and functional impairment of neuronal networks in MS 
brain. 

Structural neuroimaging studies have provided clear evidence 
of the correlation between CI and focal lesions/atrophy due 
to MS in strategic brain areas involved in cognition, such 
as cortical areas (namely medial temporal lobe), deep grey 
matter nuclei, and cerebellum (Bergsland et al., 2016; Cocozza 
et al., 2017; Planche et al., 2018). Networks disconnection due 
to subcortical white matter lesions may also play a significant 
role in MS-related CI (Dineen et al., 2009). White matter lesion 
volume was indeed found to predict deficits in memory and 
processing speed, probably due to cortico-cortical and cortico-
subcortical disconnections (Artemiadis et al., 2018; Matías-
Guiu et al., 2018). 

However, structural lesions do not sufficiently explain CI, since 
frequently a dissociation between lesion load, atrophy burden 
and cognitive functioning can be found (Mollison et al., 
2017). One possible explanation able to fill the gap between 
neuroimaging findings and cognition lies in the dysfunction of 
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neuronal circuits, which can occur in MS even in the normally 
appearing white and grey matter. Indeed, immunological 
mediators may impair long-term forms of synaptic plasticity, 
the cellular mechanisms responsible for shaping connectivity 
between neurons (Di Filippo et al., 2016; Rizzo et al., 2018). 
These results have led to the hypothesis that, at least in part, 
CI in MS could be driven by a synaptopathy favored by the 
CNS inflammatory milieu (Di Filippo et al., 2015; Mandolesi et 
al., 2015). 

A spared functional connectivity, modulated by the cognitive 
reserve, can mitigate the impact of structural damage on 
cognitive functioning (Fuchs et al., 2019). This means that, 
despite impaired grey and white matter structural integrity, 
brain is resilient to lesion burden and can tolerate structural 
damage by means of mechanisms of neural efficiency, which 
are in part mediated by cognitive reserve. From a neural 
network perspective, a loss of structural connectivity and a 
maladaptive increase in functional connectivity may both be 
associated with worse cognitive performances in MS, even in 
patients with very mild disability (Has Silemek et al., 2020).

A better understanding of the pathophysiology of MS-
related CI might potentially rely on fluid biomarkers studies. 
A biomarker is a characteristic that is objectively measured 
and evaluated as an indicator of normal biological processes, 
pathogenic processes, or pharmacologic responses to a 
therapeutic intervention (Biomarkers Definitions Working 
Group, 2001). As indicators of pathogenic processes, 
biomarkers reflecting the undergoing MS pathology and the 
study of their correlation with CI, may provide precious details 
on the possible biological determinants of neuropsychological 
impairment in MS. Due to its close proximity to CNS, 
cerebrospinal fluid (CSF) represents the ideal matrix where 
to investigate pathophysiological biomarkers and their 
association with CI. So far, a few studies have tried to correlate 
CSF biomarkers and neuropsychological performance in MS 
patients. Here, we review these studies by focusing on those 
biomarkers with the strongest pathophysiological rationale in 
MS (Table 1). Finally, we will discuss the limitations of current 
studies, thus trying to identify possible strategies to improve 
clinical research in this specific context. 

Search Strategy and Selection Criteria
We searched on PubMed for the literature published between 
January 1, 2000, and January 31, 2020, and references from 
relevant articles. The search terms “biomarkers”, “multiple 
sclerosis”, “cerebrospinal fluid”, “cognition”, “cognitive 
impairment”, “memory”, “information processing speed”, 
“attention”, “verbal fluency” were used. If one of these papers 
referred to another relevant study, published after January 1, 
2000, we also included the cited study. Only articles written in 
English were considered. The final reference list was generated 
on the basis of relevance to the topics covered in this Review.

The Profile of Cognitive Impairment in 
Multiple Sclerosis 
Classically, as a consequence of diffuse subcortical damage, 
clinically relevant CI in MS has been classified as “subcortical 
dementia”, which is mainly characterized by reduced 
information processing speed and increased attention deficits 
(Filley et al., 1989). However, given the contribution of both 
white and grey matter involvement in MS, it is now well known 
that both cortical and subcortical cognitive domains can be 
affected along the disease course (Matías-Guiu et al., 2018). 
Although in the past several research papers focused on 
global CI, recent literature explored the correlations between 
specific cognitive domains, neuropsychological measures 
and neural correlates (Rocca et al., 2015; Matías-Guiu et al., 
2018). In a recent paper, almost all of the neuropsychological 
measures showed an association with white matter lesion 

burden and with regional cortical and subcortical grey matter 
volumes. Of interest, the strongest correlation with cognitive 
scores was found for the volumes of thalamus, cerebellum, 
caudate, insula, inferior and middle frontal gyrus, parietal 
and para-hippocampal cortices (Matías-Guiu et al., 2018). 
This evidence, largely confirmed by other studies, highlights 
the complexity of the pathophysiology of CI in MS and it 
may explain the heterogeneity of cognitive profiles in MS 
(Chiaravalloti and DeLuca, 2008).

Rao et al. (1991) defined a typical neuropsychological pattern 
in MS. By using an extensive battery of neuropsychological 
tests, the Rao’s Brief Repeatable Battery of Neuropsychological 
tests (BRBN), they demonstrated that the majority of MS 
patients showed deficits in different domains, including 
verbal and visuo-spatial memory, attention and information 
processing speed, with a relative sparing of language. 

Nevertheless, by using a different neuropsychological battery, 
a prevailing cortical pattern of CI was observed in MS, with 
visual memory, followed by information processing speed, as 
the most frequently impaired domain (Benedict et al., 2006). 
However, recent studies highlighted a main contribution of 
information processing speed impairment for learning and 
memory deficits. Indeed, learning new information, encoding 
and final retrieval are strongly dependent from attention, 
working memory, and processing speed. 

Therefore, it is worth noting that many tasks are built as 
multicomponent measures, assessing different processes 
simultaneously. Additionally, some findings support the 
evidence that working memory, learning and episodic 
memory, executive functions and speed processing are 
interdependent and influence each other (Sumowski et al., 
2018). For this reason, it is difficult to disentangle specific 
contributions of these distinct cognitive domains on overall CI 
in MS.

Cerebrospinal Fluid Biomarkers of Axonal 
Damage
Although CI in MS is not exclusively linked to subcortical 
damage, the involvement of white matter in the disease 
course plays a prominent role (Di Filippo et al., 2018). One 
of the most studied CSF biomarkers reflecting the entity 
of subcortical axonal damage in a variety of neurological 
diseases, including MS, is represented by the light chain 
of neurofilaments (NfL) (Gaetani et al., 2019a). The great 
applicability of this biomarker to MS relies on the fact that 
its concentration increases in the CSF proportionally to the 
damage of large calibre axons (Yuan et al., 2017). Therefore, 
NfL changes in CSF accurately reflect the ongoing focal white 
matter pathology and inflammation-driven axonal injury 
in MS (Gaetani et al., 2019a). Recently, the possibility to 
reliably measure it in blood, has made this biomarker a good 
candidate for accurately quantifying and monitoring axonal 
injury over time (Disanto et al., 2017). This feature also makes 
blood NfL measurement a reliable tool for checking the 
efficacy of disease-modifying drugs (Piehl et al., 2017; Akgün 
et al., 2019; Sejbaek et al., 2019).

For its properties, the study of CSF NfL and CI in MS may 
provide interesting insights on the contribution of axonal 
damage to disease-related cognitive deficits. Of interest, in 
a cohort of newly diagnosed MS patients, CSF NfL was found 
to be significantly higher in individuals with global CI (defined 
by impaired score at the BRBN), compared to cognitively 
preserved MS subjects (Gaetani et al., 2019b). This finding 
supports a role of NfL in tracking the overall impairment 
in cognitive functioning, even at the earliest stages of the 
disease. A similar result was obtained in an independent 
group of progressive MS patients assessed with the Brief 
International Cognitive Assessment for MS (BICAMS), where 
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BICAMS scores were found to negatively correlate with CSF 
NfL values (Kalatha et al., 2019).

When analyzing the single cognitive domains, it was found 
that patients with reduced information processing speed had 
higher CSF NfL compared to those with normal performance 
(Gaetani et al., 2019b). In another study performed on MS 
patients with a median follow-up of 13 years, baseline CSF 
NfL showed a trend towards a negative correlation with 
information processing speed measures (Modvig et al., 
2015). The association between CSF NfL and information 
processing speed is supported also by neuroimaging-based 
studies. Indeed, in a cohort of early MS, it was demonstrated 
that patients with higher CSF NfL had lower activity of the 
putamen at the higher attentional load task on functional 
brain MRI (Tortorella et al., 2015). Information processing 
speed is functionally overlapped with attentive functions, 
so BRBN tests exploring information processing speed also 
measure attention and working memory (Roth et al., 2015). 
As such, information processing speed relies on the normal 
functionality of multiple integrated neuronal networks 
(Tombaugh, 2006). Processing speed is a basic component 
of cognitive functioning that influences other cognitive 
domains. A sensitive measure for assessing speed processing 
is the Symbol Digit Modalities Test (SDMT). This measure 
is included in all cognitive batteries for MS, including the 
BICAMS. The SDMT, in fact, demonstrated better psychometric 
properties and more specific construct validity compared 
to other measures assessing speed processing, such as the 
Paced Auditory Serial Addition Test (PASAT; Strober et al., 
2019). Performance on the PASAT reflects the combination 
of speed processing, sustained attention, working memory 
and executive functions. Therefore, the association between 
reduced information processing speed and increased CSF NfL 
in MS patients supports the idea that a mechanism of cortico-
subcortical disconnection due to MS might be responsible for 
information processing speed impairment. 

CSF NfL also tended to be high in MS patients showing 
impairment in the verbal fluency domain, assessed by means 
of the Word List Generation (WLG) based on semantic input 
(Gaetani et al., 2019b). This same association was obtained on 
a similar, independent cohort of newly diagnosed MS patients 
(Quintana et al., 2018). WLG based on semantic input is a 
sort of ‘whole brain test’, since it assesses the functionality of 
retrosplenial (parieto-temporal-occipital) and sensorimotor 
cortices and since it has been associated with whole grey 
matter brain volume (Lazeron et al., 2005; Biesbroek et al., 
2016). All these findings make it conceivable that injury to 
large myelinated axons may be a determinant of CI in MS, 
mostly due to a “disconnection syndrome”, whose degree of 
severity can be measured with CSF NfL. 

Cerebrospinal Fluid Biomarkers of Amyloid 
Metabolism
Brain amyloid pathology is a well-known histopathological 
hallmark of AD, and it is also present in other neurodegenerative 
diseases (Jellinger, 2008). As a reflection of brain amyloidosis, 
a reduced concentration of CSF amyloid β42 (Aβ42) is found in 
AD patients (Blennow and Hampel, 2003). Low level of CSF Aβ42 
represents an AD change, and it is a mandatory first step for the 
biological definition of AD (Jack et al., 2018). Low levels of CSF 
Aβ42 in other neurodegenerative diseases, such as PD, correlate 
with the presence of CI and with the risk of developing it along 
the disease course (Parnetti et al., 2014). 

Of interest, it has been demonstrated that in MS lesions, 
axonal accumulation of the amyloid precursor protein (APP) 
occurs, an evidence that opens to the possibility that amyloid 
dysmetabolism could play a role in the irreversible axonal 
damage taking place in MS (Ferguson et al., 1997). A few 
studies have investigated CSF Aβ42 as a biomarker in MS, and 
they have found that CSF soluble APP (s-APP) and Aβ42 are 
reduced in MS patients compared to controls, with higher 

Table 1 ｜ Overview of the studies performed on CSF biomarkers and cognitive performance in MS patients 

CSF biomarker Studies Patients
Neuropsychological 
evaluation Association with overall CI Association with specific cognitive domains

NfL Modvig et al. (2015) 86 ON PASAT N/A Trend towards negative correlation with 
follow-up IPS

Quintana et al. (2018) 51 MS BRBN and TMT-A N/A Negative correlation with verbal fluency 
scores

Kalatha et al. (2019) 27 RRMS BICAMS Negative correlation 
with BICAMS score in 
progressive MS

Negative correlation with BVMT scores 
(visuospatial memory)

2 SPMS
5 PPMS

Gaetani et al. (2019b) 28 RRMS BRBN Higher in patients with 
overall CI

Higher in patients with IPS and verbal 
fluency impairment

Aβ42 Mori et al. (2011) 4 CIS BRBN Lower in patients with 
overall CI

Positive correlation with SDMT and PASAT 
scores (IPS)

17 RRMS
OCB Anagnostouli et al. (2015) 59 RRMS TMT-A and TMT-B No significant differences 

between OCB+ and OCB–
OCB+ worst performance on RCFT (visual 
memory)

35 SPMS Stroop test, WAIS
13 PPMS RAVLT, BSRT

RCFT copy
COWAT, WCST

CHI3L1 Modvig et al. (2015) 86 ON PASAT N/A Negative correlation with follow-up IPS
Quintana et al. (2018) 51 MS BRBN and TMT-A N/A Negative correlation with IPS scores

CHI3L2 Møllgaard et al. (2016) 73 ON PASAT N/A Negative correlation with follow-up IPS

Aβ42: Amyloid β peptide 42; BICAMS: Brief International Cognitive Assessment for Multiple Sclerosis; BRBN: Brief Repeatable Battery of Neuropsychological 
Tests; BSRT: Babcock Story Recall Test; BVMT: Brief Visuospatial Memory Test; CHI3L1: chitinase 3-like protein 1; CHI3L2: chitinase 3-like protein 2; CI: cognitive 
impairment; CIS: clinically isolated syndrome suggestive of multiple sclerosis; COWAT: Controlled Oral Word Association Test; CSF: cerebrospinal fluid; IPS: 
information processing speed; MS: multiple sclerosis; NfL: neurofilament light chain; N/A: not assessed; OCB: oligoclonal bands; ON: optic neuritis; PASAT: Paced 
Auditory Serial Addition Test; PPMS: primary progressive multiple sclerosis; RAVLT: Rey Auditory Verbal Learning Test; RCFT: Rey’s Complex Figure Test; RRMS: 
relapsing remitting multiple sclerosis; SDMT: Symbol Digit Modalities Test; SPMS: secondary progressive multiple sclerosis; TMT-A: Trail Making Test A; TMT-B: 
Trail Making Test B; WAIS: Wechsler Adult Intelligence Scale; WCST: Wisconsin Card Sorting Test. 
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values after the start of high efficacy disease-modifying drugs 
(Augutis et al., 2013). Since disease-modifying drugs are 
effective in counteracting the abnormal peripheral immune 
activation, their effect on CSF Aβ42 levels might suggest that 
amyloid dysmetabolism in MS could be an after-effect of CNS 
inflammation. Based on the evidence that APP accumulates in 
axons of MS lesions, it is therefore possible that acute axonal 
injury due to MS inflammatory lesions leads to the abnormal 
accumulation of APP and amyloid peptides. 

CSF Aβ42 has been demonstrated to be significantly lower 
in cognitively impaired than in cognitively preserved MS 
patients, as defined by the BRBN score. Interestingly, CSF Aβ42 
significantly correlated with the scores of BRBN tests exploring 
information processing speed, and not with tests exploring 
verbal and visuospatial learning (Mori et al., 2011). This is in 
agreement with what observed for the axonal damage marker 
NfL (Gaetani et al., 2019b), suggesting that CSF Aβ42 levels 
might be associated with cognitive performance because they 
reflect axonal pathology. Another evidence supporting the 
idea of Aβ42 as an indicator of acute axonal damage comes 
from the association between low levels of CSF Aβ42 and the 
presence of gadolinium enhancing (Gd+) lesions on brain MRI 
of MS patients (Mori et al., 2011). Also, in other neurological 
diseases not primarily related to brain amyloidosis, such as 
Creutzfeldt Jakob disease, CSF Aβ42 levels might be low even 
in the absence of extracellular Aβ brain deposits (Lattanzio 
et al., 2017), thus confirming that decreased CSF Aβ42 might 
generally reflect axonal injury. 

In degenerative CNS diseases, extracellular amyloid pathology 
can be considered a driver for neurodegenerative processes 
and it can interact with other important pathophysiological 
mechanisms, such as tauopathy and synucleinopathy (Jellinger, 
2008). Consequently, CSF Aβ42 has not only a clear diagnostic 
value in AD, but it may also have a significant prognostic value 
in different neurodegenerative diseases. On the contrary, 
in MS, the aggregation of APP and Aβ42 may occur in the 
intraneuronal space as a consequence of acute inflammatory-
driven axonal damage, and it may be responsible for axonal 
swelling at the site of axonal transection (Ferguson et al., 
1997; Trapp et al., 1998). This might explain why, in MS, CSF 
Aβ42 behaves as a marker of cortico-subcortical disconnection 
similarly to NfL and does not correlate with other cortical 
cognitive domains, such as verbal and visuospatial memory. 

On the other hand, it is worth noting that Aβ42 has shown to 
impair synaptic plasticity, i.e. the activity-dependent long-term 
synaptic changes that are responsible for learning and memory, 
in animal models (Oddo et al., 2003; Klyubin et al., 2005; 
Shankar et al., 2008; Townsend et al., 2010). Moreover, in 
cognitively impaired MS patients, an abnormal plasticity of the 
cerebral cortex, as assessed by means of transcranial magnetic 
stimulation, has been demonstrated. A positive correlation has 
been reported between CSF Aβ42 and the magnitude of long-
term potentiation-like effects induced by transcranial magnetic 
stimulation (Mori et al., 2011). This evidence hampers against 
the idea of CSF Aβ42 as a simple marker of axonal damage, 
opening the possibility that amyloid pathology might actively 
participate in driving synaptic dysfunction in MS. As such, 
the study of amyloid dysmetabolism and CI through CSF 
biomarkers deservers further investigations. 

Finally, like CSF NfL, CSF Aβ42 is not function-specific. Indeed, 
CSF Aβ42 reduction at baseline seems to predict the overall 
physical disability at 3- and 5-year follow-up in MS patients 
(Pietroboni et al., 2017, 2019). Therefore, CSF Aβ42 reduction 
can be considered as an overall marker of disease-severity in 
MS, not specifically linked to CI. Further studies are needed 
in order to assess the relationship between CSF Aβ42 and 
cognitive performance along time in MS.  

Cerebrospinal Fluid Biomarkers of Intrathecal 
Immunoglobulins Synthesis
To date, the only clinically useful CSF biomarker for MS is 
represented by immunoglobulin G (IgG) oligoclonal bands 
(OCBs) (McNicholas et al., 2018). OCBs reflect the intrathecal 
synthesis of IgG, which in turn is a general marker of adaptive 
immunity activation within the CNS (Bankoti et al., 2014). OCBs 
are not MS-specific, since they can be found in a variety of 
inflammatory neurological diseases (Petzold, 2013). Also, in 
about 5% of MS cases, CSF OCBs cannot be found according to 
standard measurements (Link and Kostulas, 1983; Freedman 
et al., 2005). The presence of CSF OCBs may support the 
diagnosis of MS. Although their absence does not necessarily 
rule out a diagnosis of MS, it should prompt neurologists 
to carefully consider the possibility of alternative diagnoses 
(Thompson et al., 2017). Apart from their supportive diagnostic 
role, OCBs are considered a prognostic tool, able to predict 
subsequent disease activity after the first clinical manifestation 
of the disease (Dobson et al., 2013). As such, OCBs primarily 
reflect disease severity, and they could correlate with worse 
cognitive performance in MS patients. Recently, it has been 
demonstrated that OCBs positive compared to OCBs negative 
MS patients, more frequently show CI (Farina et al., 2017). 
Of interest, when evaluating a single cognitive domain, OCBs 
were found to specifically correlate with memory impairment. 
Indeed, a study performed on a cohort of MS patients who 
were assessed by means of a comprehensive battery of 
neuropsychological tests, showed that OCBs positive MS 
patients had a worse performance in different cognitive 
domains (i.e., memory, attention, information processing speed, 
perception, constructive abilities, reasoning and executive 
functions). However, a statistically significant difference was 
found only for Rey’s Complex Figure Test-recall form, a test 
exploring visual-spatial memory (Anagnostouli et al., 2015). 
These results are in line with those from an independent study, 
where the presence of CSF OCBs was associated with a higher 
cortical lesion load on brain MRI, as opposed to no association 
with white matter lesion load (Farina et al., 2017). Therefore, 
the presence of OCBs may identify a subgroup of patients with 
a marked involvement of cortical grey matter, which in turns 
may be responsible for impaired cortical cognitive functions, 
such as memory. 

The pathophysiological link between OCBs and CI still needs 
to be unraveled. Intrathecal IgG synthesis might be the 
quantifiable epiphenomenon of a more severe pattern of 
immune activation within the CNS, and other immune players 
could be involved in impairing cognitive performance. For 
instance, in the CSF of OCBs positive patients it was possible 
to cluster a panel of increased cytokines and chemokines. As 
expected, most of these cytokines are associated with B cell 
activation, such as the chemokine ligand 13 and 12, the B cell 
activating factor, and osteopontin (Farina et al., 2017). The 
potential contribution on cognition of these B cell markers 
must be elucidated. 

In MS, B cells also play a significant role in the organization 
of meningeal follicle-like structures in the CNS and they 
correlated with the presence of cortical demyelinating lesions 
(Howell et al., 2011). Therefore, intrathecal IgG synthesis, as 
measured by means of OCBs, might reflect a more intense 
compartmentalization of immune activity into tertiary 
lymphoid structures releasing inflammatory mediators that 
are detrimental for cortical functionality and neuronal survival. 

Unfortunately, as a biomarker of B cells activity, OCBs are 
limited by the fact that they do not provide a quantitative 
measure of immune activation, rather representing only a 
qualitative measure (Freedman et al., 2005). To overcome this 
limitation, other better quantifiable IgG intrathecal synthesis 
markers, such as Ig free light chains, are under investigation 
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Figure 1 ｜ CSF biomarkers in MS: pathophysiological rationale and 
association with cognitive impairment.
(A) Pathophysiological mechanisms in MS and the corresponding CSF 
biomarkers that have been investigated in cognitive impairment. (B) 
Association between CSF biomarkers and impairment in different cognitive 
domains in MS patients. Aβ42: Amyloid β42; CHI3L1: chitinase 3-like protein 
1; CHI3L2: chitinase 3-like protein 2; CSF: cerebrospinal fluid; MS: multiple 
sclerosis; NfL: neurofilament light chain; OCB: oligoclonal bands; ROS: 
reactive oxygen species. 

(Gaetani et al., 2020). Further studies with quantitative 
markers of intrathecal B cell activation are needed to better 
characterize the pathophysiological role of B cells and their 
markers on CI in MS. 

Cerebrospinal Fluid Biomarkers of 
Neuroinflammation
The inflammatory milieu within the CNS in MS could influence 
the cellular mechanisms responsible for cognitive functioning. 
Indeed, during experimental autoimmune encephalomyelitis, 
the animal model of MS, synaptic plasticity is impaired in the 
hippocampus, the key structure for learning and memory 
(Di Filippo et al., 2013). Long-term potentiation is the most 
studied form of synaptic plasticity, and its impairment in 
experimental autoimmune encephalomyelitis has been 
variably associated with the over-expression of pro-
inflammatory mediators, such as interleukin-1β (Kim et al., 
2012; Di Filippo et al., 2013), and with microglial activation (Di 
Filippo et al., 2016). 

Studies performed on the correlation between CSF immune 
mediators and cognitive performance in MS patients seem 
to confirm this preclinical evidence, as it is the case for CSF 
concentration of chitinase 3-like protein 1 (CHI3L1), a protein 
also known as YKL-40. This protein, which is involved in innate 
and acquired immunity (Lee et al., 2011), accumulates at 
sites of chronic inflammation (Kzhyshkowska et al., 2007) 
and correlates with worse performance on attention and 
information processing speed (Quintana et al., 2018). In CSF, 
this biomarker, and its homologous CHI3L2, were able to 
predict future impairment on information processing speed 
in MS patients (Modvig et al., 2015; Møllgaard et al., 2016). 
Both of them are released by astrocytes; CHI3L1 is also 
secreted by microglial cells (Hinsinger et al., 2015). Therefore, 
the association between CSF concentration of chitinase like 
proteins and information processing speed performance 
seems to suggest that glial activation may negatively influence 
this cognitive domain.

Discussion and Conclusions
The impact of CI in the overall disability of MS patients is 
nowadays well recognized (Chiaravalloti and DeLuca, 2008). 
The mechanisms leading to abnormal cognition could be 
different and interconnected to each other (Di Filippo et al., 
2018). The study of CSF biomarkers and their association with 

CI is providing interesting clues on the pathophysiological 
determinants of neuropsychological deficits in MS patients 
(Figure 1). Evidence from the studies discussed in this review 
seems to associate biomarkers of axonal injury to abnormal 
information processing speed. For instance, CSF NfL has 
been found to negatively correlate with performances 
in this domain, suggesting that white matter lesion load 
and cortico-subcortical disconnection might play a role in 
impairing information processing speed. A similar behavior 
has been demonstrated for CSF Aβ42, whose reduced levels in 
MS patients might reflect axonal injury and the subsequent 
morphological changes of transected axons. As such, CSF 
Aβ42 changes in MS should be interpreted differently from 
those observed in neurodegenerative diseases related to 
brain amyloidosis. Indeed, its CSF reduction in MS might 
be a downstream effect of axonal injury more than a 
driving mechanism of neuronal loss. Interestingly, the so-
called neuroinflammation, i.e. the abnormal activation of 
non-neuronal cells within the CNS, might have a similar 
effect on attention and on information processing speed, 
as demonstrated by studies performed on CSF CHI3L1 
and CHI3L2, two astrocytic and microglial markers. On the 
contrary, markers of peripherally activated lymphocytes – i.e., 
CSF OCBs - seem to be associated with impairment in higher 
cortical functions such as memory, and not with information 
processing speed and attention. However, the association 
between a given biomarker and a specific cognitive domain 
should be carefully considered, since it is not always possible 
to distinguish between cognitive domains by means of 
neuropsychological tests, nor to tie a cognitive domain to a 
specific brain area or neuronal network.

When interpreting these preliminary findings, several sources 
of bias should be considered. First of all, the studies performed 
on this topic are limited by a small sample size, not exceeding a 
total of around 90 patients per study. Therefore, investigations 
on larger cohorts are needed to confirm or confute these 
results. Additionally, findings from different studies are not 
easily comparable to each-other, due to different patients’ 
characteristics and to different neuropsychological tests used 
for cognitive evaluation (Table 1). Finally, in most of these 
studies, the correlation between CSF biomarkers and cognitive 
functions was not assessed using multivariate models taking 
into account other possible disease-related factors potentially 
influencing cognition. Despite these limitations, however, the 
preliminary findings from studies correlating CSF biomarkers 
to CI seem interesting, and certainly open up the possibility 
of insisting on this field of research by trying to overcome the 
limitations of the current studies. 

In the future, it will be necessary to carry out further studies 
by correcting the association between CSF biomarkers and CI 
by age, disability level, T2 lesion load, atrophy burden, and 
cortical lesion load on brain MRI. Only in this way, it will be 
possible to understand whether or not CSF biomarkers can 
be considered valid tracers of CI, regardless of other disease-
severity measures. 
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