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Abstract 

Multiple sclerosis (MS) is the most common chronic neuroinflammatory disease 
affecting young adults, leading to neurological disability and cognitive impairment.  
Pathologically, MS is characterized by demyelinating white matter lesions (WMLs), 
gliosis and neuroaxonal loss within the central nervous system (CNS), facilitated 
by immune cell infiltration into CNS. The number and location of WMLs determine 
the symptoms experienced by individuals, as well as the severity of clinical 
disability.  
 
Recent studies have reported that choroid plexus (CP) volume is significantly 
larger in people with MS (pwMS) compared to healthy controls (HCs). CP is a highly 
vascularized tissue located within the brain ventricles and is primarily responsible 
for the production and secretion of cerebrospinal fluid (CSF). It has also been 
suggested to serve as a pathway for immune cell entry into the CNS, playing a vital 
role in MS pathology. CP has shown several structural and functional alterations in 
MS, leading to abnormal CSF production and impaired glymphatic function, as 
well as increased microglial activity and release of pro-inflammatory cytokines.   
 
Interest in the relationship between CP enlargement and MS has increased in 
recent years. CP enlargement has been associated with increased lesion load and 
greater brain atrophy in pwMS, particularly in periventricular regions. Furthermore, 
CP enlargement has been correlated with greater clinical disability and cognitive 
impairment in pwMS. Taking these observations together, enlargement of CP has 
been suggested to enhance chronic, smouldering inflammation within the CNS. 
This review will discuss the association between CP volume, brain atrophy and 
lesion load measures in MS, as well as their relationship to chronic 
neuroinflammation.  
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1 Introduction 

Multiple sclerosis (MS) is a chronic neuroinflammatory and neurodegenerative disease 

of the central nervous system (CNS), pathologically characterized by inflammatory cell 

infiltration, demyelination, gliosis, and neuroaxonal loss.1,2 MS is the most common 

neurological disabling disease among young adults.3 The disease course varies 

considerably between individuals, ranging from relapsing–remitting to progressive 

forms, leading to clinical disability and cognitive impairment.2,4 Symptom presentation 

depends on the location and extent of demyelinating lesions within the CNS.4,5 The 

common clinical manifestations during the first episode of MS include optic neuritis, 

partial myelitis, as well as brainstem and spinal cord syndromes. The most common 

cerebral symptoms include motor or sensory hemiparesis and cognitive dysfunction, 

such as difficulties with memory or concentration.4,5  

 

The diagnosis of MS is guided by the McDonald criteria, which integrate clinical features 

with radiographic evidence such as Magnetic Resonance Imaging (MRI) detected 

lesions, and supportive laboratory findings including cerebrospinal fluid (CSF) specific 

oligoclonal bands.4,5 The precise etiology of this demyelinating disease remains 

unclear; however, it has been suggested that a combination of genetic susceptibility 

and environmental risk factors contributes to the development of MS.3,4,6,7 The general 

risk factors include Epstein-Bar virus (EBV) infection, smoking, female gender, obesity 

during adolescence and low vitamin D levels.3,4,6,7 

 

Pathologically, immune cell infiltration into the CNS induces cascades that lead to 

development of MS.8,9 It has been suggested that choroid plexus (CP), which is a highly 

vascularized tissue within each of the brain ventricles, may be one of the many 

pathways for immune cells to entry the CNS.8,9 CP has been shown to undergo several 

structural and functional alterations during the development and progression of MS.10,11 

Furthermore, multiple studies have reported significant CP enlargement in people with 

MS (pwMS).10–16 CP enlargement has further been associated with lesion load17–20 and 

brain atrophy21–24 as well as greater clinical disability and worse cognitive 

function.17,19,25,26 These associations will be discussed in greater detail in this review.  



 

 

 
 

2 Literature review 

2.1 Clinical features of MS 

Evidence suggests that several years before a formal MS diagnosis is made, many 

individuals experience a range of nonspecific symptoms, including fatigue, insomnia, 

pain, and urinary or gastrointestinal disturbances.27 These are often referred to as 

prodromal symptoms.27 In contrast, some individuals demonstrate MS-specific MRI 

abnormalities in the absence of neurological manifestations, known as radiologically 

isolated syndrome (RIS).28,29 In a couple of recent studies 20-50 % of individuals with RIS 

convert to a diagnosis of MS during a five years follow-up.28,29 

 

At disease onset, patients can present with clinically isolated syndrome (CIS), in which 

neurological symptoms are evident but the diagnostic criteria for MS are not yet fully 

met.27–29 Both CIS and MS episodes are characterized by the acute or subacute onset of 

symptoms with demyelinating lesions in the CNS, persisting for a minimum of 24 hours, 

and not associated with fever or an underlying infection.27–29 Once an individual 

experiences a second attack and repetitive lesion formation is detected, the diagnosis 

of MS can be confirmed.27–29 Typical manifestations of CIS include optic neuritis, a focal 

brain syndrome, myelitis, or a brainstem syndrome with symptoms such as diplopia, 

vertigo, facial weakness, or sensory disturbances.30,31 The risk of CIS developing to MS is 

influenced by baseline factors, with a higher likelihood observed in patients with 

multiple MRI lesions, spinal cord involvement, or CSF specific oligoclonal bands in CSF 

samples.32,33 Long-term studies indicate that up to 80% of CIS patients with MRI 

abnormalities progress to MS within 20 years, whereas those with a normal baseline 

MRI have a remarkably lower risk.34–36 

 

The most prevalent type of MS is relapsing-remitting MS (RRMS).29,37 In RRMS, 

individuals experience relapses, followed by a period of complete or near-complete 

recovery, known as remissions.29,37 Clinical relapses represent acute inflammation in 

the CNS causing axonal myelin loss, which is considered the primary 

pathophysiological mechanism of MS.38 The symptoms an individual experiences 



 

 

 
 

depend on the location of the lesions in the CNS.38 The most common symptoms 

include cognitive dysfunction, loss of balance, sensory changes such as numbness in 

hands or feet, muscle weakness, fatigue, problems with vision, and bladder or bowel 

dysfunction.4,39–41 

 

As the disease progresses, RRMS can transform into secondary-progressive MS 

(SPMS).42 One retrospective study reported that approximately 50 % of patients with 

RRMS eventually experience secondary progression within 20 years follow-up.43 In a 

minority, approximately 10% to 15%, of pwMS, relapsing-remitting phase is bypassed, 

and patients experience disease progression already from the onset, known as primary-

progressive MS (PPMS), which is associated with a worse clinical prognosis.44 

 

Recent studies indicate that many pwMS experience clinical progression despite 

remaining relapse-free.45–49 Clinical disability may accumulate either through relapse-

associated worsening (RAW) or progression independent of relapse activity (PIRA).45–49 

PIRA can occur alongside relapse-activity and contribute to disease progression from 

the early onset of the disease.48 One recent study reported that up to 50 % of disease 

progression in individuals with RRMS occurred without clinical relapses.45 Another 

study showed that even 80 % to 90 % of disability in pwRRMS was accumulated 

independently from relapses.46 Among patients with PPMS or SPMS, PIRA appears to be 

the primary driver of disability accumulation.45 While high-efficacy therapies have 

effectively reduced RAW, PIRA has emerged as a contributor to disability progression 

regardless of the disease modifying therapy.46,50–52 PIRA is associated with smouldering 

neuroinflammation within the CNS and is thought to be largely driven by persistent 

microglial and macrophage activity, particularly within chronic active lesions (CALs), 

which will be discussed below.47 

2.2 Pathophysiology of MS 

White matter lesions (WMLs) in the brain and spinal cord are a hallmark of MS, 

signifying neuroinflammation, demyelination, gliosis, and neuroaxonal degeneration in 

the CNS.53 Clinical relapses in RRMS result from the formation of new WMLs or the 

activity and/or enlargement of old WMLs.54 Histologically lesions have traditionally been 



 

 

 
 

classified into following subtypes: early active, late active, chronic active (smouldering), 

inactive and remyelinated lesions.54 Early active WMLs are associated with relapses and 

feature blood-brain barrier (BBB) breakdown, with peripheral immune cells penetrating 

the CNS.55 Acute lesions can develop into CALs, chronic inactive lesions, or they may 

undergo remyelination.55–57 Different lesion subtypes cannot be distinguished on 

conventional MRI.57–59 

 

Inflammatory lesions are characterized by the infiltration of the autoreactive immune 

cells into the CNS, where T- and B-cells penetrate the CNS through an impaired BBB 

and potentially via the CP, which will be examined later in this review.8,9 In the CNS, T- 

and B-cells induce an inflammatory response by releasing pro-inflammatory cytokines, 

which in turn activates lymphocyte-mediated macrophage and microglial responses.60 

Both macrophages and microglial cells are present in and around MS lesions, especially 

in acute lesions and CALs, and are considered key mediators of smouldering 

neuroinflammation.61,62 By contrast, inactive lesions contain significantly fewer 

macrophages and microglia, reflecting the reduced inflammatory activity in these 

regions.61,62 In CALs, activated microglia and macrophages can be distributed 

throughout the lesion, known as homogenously active lesions, or localize to the lesion 

border, while the lesion center is typically hypocellular.17,58 Lesions characterized by a 

peripheral rim of iron-accumulating innate immune cells are generally termed 

paramagnetic rim lesions (PRLs).17,58 (Figure 1) 

 

Macrophages and activated microglia together with reactive astrocytes produce 

reactive oxygen species (ROS).60 ROS promote oxidative injury and mitochondrial 

dysfunction, which in turn drive inflammatory demyelination and contribute to axonal 

damage in MS lesions.60 It is suggested that mitochondrial and oxidative injury represent 

central mechanisms in the pathogenesis of MS, linking chronic neuroinflammation to 

progressive neurodegeneration.63–65 

 



 

 

 
 

 
Figure 1. CALs can be identified using Positron emission tomography (PET) -imaging with 
translocator protein (TSPO) radioligands, where TSPO-PET signal reflects activated microglia and 
macrophage density. White boxes on the coronal FLAIR MRI slices indicate WMLs of interest. Hot 
colors denote increased inflammatory activity within CALs, distinguishing homogenously active 
lesions with active centers from rim-active lesions, or PRLs, with inactive center and active rims.17 

2.3 Choroid plexus 

CP is an extensively vascularized tissue in each of the brain ventricles, located along the 

floor of lateral ventricles and on the roof of the third and fourth ventricles (Figure 2A).9,66–

68 The CP is primarily responsible for the production and regulation of CSF composition, 

with up to 80 % of CSF produced and secreted via CP.68 CP also plays a key role in 

maintaining brain homeostasis and mediating signalling within the CNS.9,66,67  

 

The CP consists of looped vessels surrounded by stromal tissue, which is covered with 

a single monolayer of polarized cuboidal epithelial cells.68–72 (Figure 2B) Epithelial cells 

are specialized for producing and secreting CSF.68,73 In the CP stroma, immune cells, 

particularly antigen-presenting cells, support immunosurveillance and help preserve 

brain homeostasis.67 Tight junctions (TJs), located at the apical surface of CP epithelial 

cells, seal the intercellular space and regulate paracellular transport between the blood 



 

 

 
 

and CSF, forming the blood-CSF barrier (BCSFB).68,72,73 Additionally, microvilli extend the 

apical surface area, enhancing exchange and secretory functions.66,73  

 

BCSFB protects the brain from adverse peripheral substances and provides selective 

transport for peripheral signals and small molecules.70 It has been suggested that 

lymphocyte trafficking into the CNS is mainly regulated by the brain’s barriers, including 

BCSFB.12 In some inflammatory situations, such as MS, alterations in CP function serve 

as a gateway for peripheral immune cells to enter the CNS.12,70 

 

 
Figure 2.  A Schematic illustration of the brain showing the ventricular system (pale blue) and the CP 
(red). Modified from ref.72 B Schematic model of the CP microstructure. Cuboidal epithelial cells 
with apical microvilli overlie a loose stromal tissue containing stromal capillaries. The stroma 
includes perivascular macrophages and dendritic cells involved in antigen presentation and 
modulation of inflammatory responses. Tight junctions between epithelial cells form the BCSFB 
and participate in molecular and cellular exchange between blood and CSF.12 

2.4 Association between CP and MS 

Recent studies have shown alterations in the CP in pwMS.74,75 It is indicated that there 

are more antigen-presenting cells, such as macrophages and dendritic cells, in the CP 

stroma in pwMS than in HCs.75 It has also been suggested that infiltration of peripheral 

lymphocytes through the BCSFB is increased in pwMS, contributing to 

autoinflammatory processes within the CNS.76  

 

TJs play a crucial role in maintaining brain homeostasis.67 Well-known TJ proteins are 

claudins and junctional adhesion molecules.67 It has been shown in postmortem MS 



 

 

 
 

tissue that the expression of one TJ protein, claudin-3, is decreased in the CP, leading to 

reduced barrier integrity, which increases permeability to peripheral molecules and 

immune cells.67,77 This enables peripheral immune cells to penetrate the CNS.18,67,70,77 

 

Alterations in the CP, as well as hypoxic conditions in MS brain and in CP, can lead to 

abnormal CSF production and secretion.74 Dysregulation of CSF composition involves 

changes in ion balance, growth factors, cytokines, and metabolites.12,78–80 Such 

alterations may enhance microglial activation and impair glymphatic system function, 

leading to disrupted waste clearance in the brain, which can further lead to increased 

degree of inflammation in brain tissue.81 In addition, pro-inflammatory factors within the 

CSF may further contribute to neuronal injury.81 

 

Several studies have shown that CP volume is significantly larger in pwMS compared to 

HCs.11,13,15,16,19 (Figure 3) CP is enlarged from the earliest stages of the disease and 

shows a gradual increase as the disease progresses.24 CP volume has been reported to 

be approximately 30 % larger in pwMS compared to HCs.13,19 One recent study reported 

that CP volume can be up to 35 % greater in pwMS, particularly among those with 

RRMS.11 Enlarged CP in MS is linked to more severe clinical disability and cognitive 

impairment, greater global and central brain as well as white matter (WM) atrophy, 

increased lesion load, impaired glymphatic function and greater demyelination.10,20 CP 

enlargement has also been shown to associate with a lower probability of successful 

remyelination within MS lesions.82  

 



 

 

 
 

 
Figure 3. CP volume images from two patients with MS. Images 1a and 1b (CP represented in pale 
pink) depict a 48-year-old female pwRRMS with a disease duration of 12 years, while images 2a and 
2b (CP represented in pale green) correspond to a 43-year-old female HC. The CP volume is 
markedly greater in the RRMS patient (4.6 cm³) compared to the HC (1.6 cm³). 

2.5 Association between CP volume and brain atrophy 

Several studies have demonstrated that CP enlargement correlates with central and 

total brain atrophy,21–24 as well as atrophy in white and deep gray matter.22,24 Enlargement 

of the CP has also been associated with reduced cortical thickness and with greater 

cortical atrophy observed in sulcal regions compared to gyral regions.21 

 



 

 

 
 

Recent studies indicate that CP enlargement in MS is particularly associated with 

central brain atrophy, which can be assessed by change in brain ventricular volume. 23,24 

In these studies, CP volume was correlated with total intracranial volume and adjusted 

for age, gender, and disease duration. Central brain atrophy has been shown to have a 

stronger association with CP volume than other forms of brain atrophy.23,24 One recent 

longitudinal study reported an annual central brain volume loss of 2.68 %, whereas total 

brain atrophy loss was only 0.23 % per year.24 In this study, disease duration had a 

significant effect on both central and total brain atrophy. Greater changes in central 

brain volumes suggest that inflammatory changes in the brain may be driven primarily 

by the periventricular brain region rather than the cortical or peripheral regions.23 

Furthermore, central brain atrophy appears to be more closely related to periventricular 

WM atrophy than to alterations in GM.23 

 

CP enlargement has been found to correlate with greater WM atrophy in pwMS, both 

with RRMS and SPMS, compared to HCs.20,21,24,81 One recent study reported a significant 

reduction in cerebral WM volume in pwMS compared to HCs.20 Greater WM atrophy was 

further associated with CP enlargement, even after adjusting for lateral ventricle 

volumes.20 In contrast, CP volume showed no correlation with GM atrophy.20 Another 

study reported that enlargement of CP is linked to periventricular WM and GM atrophy 

and suggested that ventricular enlargement in MS may result from neurodegeneration in 

the surrounding periventricular region.83  

 

While the correlation between increased CP volume and WM atrophy has been 

consistently reported, findings regarding the relationship between CP enlargement and 

gray matter (GM) volume reduction have been more variable.19–21 It is also unclear 

whether GM atrophy predominantly affects deep or cortical regions, with deep GM 

atrophy typically involving the thalamus, caudate, putamen and globus pallidus.13,19 It 

has further been suggested that distinct mechanisms underline deep and cortical GM 

volume loss.84  

 

Deep GM atrophy in MS has been widely reported and is associated with more severe 

clinical disability in pwMS.85–87 A recent cross-sectional study demonstrated a 



 

 

 
 

significant correlation between increased CP volume and both deep GM and total GM 

atrophy, with the most pronounced deep GM atrophy observed in the thalamus, 

caudate, putamen, pallidum, hippocampus, amygdala, and nucleus accumbens in 

patients with RRMS.19 In comparison, another cross-sectional study found that CP 

enlargement was associated with cortical GM loss in RRMS patients but not in those 

with PPMS.13 Conversely, other studies have reported no significant association 

between CP enlargement and GM atrophy.14,15,20 In one study, after adjusting for lateral 

ventricular volume, multivariable models revealed no correlation between CP 

enlargement and GM atrophy.20 The authors suggested that while GM atrophy is evident 

and primarily responsible for total brain atrophy in pwMS, it may be mainly driven by 

neurodegeneration rather than CP-related processes, with CP enlargement reflecting 

neuroinflammatory rather than neurodegenerative activity.  

2.6 Association between CP volume, lesion load and lesion expansion 

Recent studies show that increased CP volume correlates with a higher volume of 

WMLs,19,20 as well as with the expansion and severity of CALs, particularly those located 

in close proximity to the brain ventricles 17–20. In contrast, CP volume does not appear to 

be associated with the formation of new WMLs. 23,24 

 

CP enlargement showed a significantly positive correlation with T2-weighted WML 

volume detected on conventional MRI in pwMS.16,19,22 One cross-sectional study 

reported that CP enlargement was associated with both greater T2 lesion number and 

volume.88 This study indicated that each T2 lesion increased CP volume by 

approximately 4.4 microliters, after adjusting for age, sex, total intracranial volume and 

other significant clinical parameters. As T2 lesions are linked to focal inflammation 

within the CNS, the authors of this study suggested that CP may be directly associated 

with inflammatory activity in MS. Furthermore, in a recent longitudinal study, baseline 

CP enlargement was associated with increased T2 lesion accumulation at 5.5 years 

follow-up in both RRMS and PMS patients, suggesting that CP may play a significant role 

in neuroinflammatory process in pwMS.83  

 



 

 

 
 

Increasing evidence suggests that disease progression in MS is primarily driven by CALs 

rather than the formation of new lesions.23,24,89 CALs can be identified in vivo by MRI or 

PET based methods.17 Smouldering inflammation at the edge of CALs, corresponding to 

lesion expansion on MRI, may represent a primary mechanism driving disease 

progression, including progressive neurodegeneration, brain atrophy and worsening 

disability, and is considered a key mediator to PIRA.17 It has been suggested that CP 

may sustain low-grade inflammatory processes at the periphery of CALs, particularly 

within the periventricular region.24 CP enlargement has been associated with a higher 

presence of CALs in pwMS, reflected by both lesion expansion23,24 and paramagnetic rim 

lesions (PRLs),18,19 which will be discussed in greater detail later in this chapter.  

 

It has been demonstrated that immune cell activation in MS is highest near the 

ventricular border and decreases with increasing distance from the ventricles.90 

Consistent with this observation, the greatest lesion expansion has been detected in 

periventricular regions, suggesting that CSF-related factors, including the secretion of 

pro-inflammatory cytokines, may contribute to neuroinflammation and tissue injury in 

these areas.91 Activation of macrophages and microglia is considered the main factor in 

this inflammatory process.90,91 Reactive microglia and macrophages at the lesion edge, 

as well as associated lesion expansion,92,93 have been further linked to increased CP 

volume.23,24 It has been suggested that CP enlargement may predict future 

periventricular neurodegeneration.83 Conversely, recent studies have not found an 

association between CP enlargement and the development of new WMLs, supporting 

the notion that CP enlargement is more closely related to chronic, or smouldering 

inflammation rather than acute MS pathology.23,24 Nevertheless, it was suggested that 

there may be a potential correlation between increased CP volume and the activation of 

pre-existing WMLs, requiring further investigation.24 

 

Paramagnetic rim lesions (PRLs), that represent a subset of lesions histologically 

categorized as smouldering lesions, can be identified by susceptibility sensitive MRI 

sequences.19 PRLs have been linked to CP enlargement, particularly in pwPPMS and 

SPMS, suggesting a potential relationship between CP enlargement and chronic active 

inflammation within the CNS.18 A recent cross-sectional study reported CP volumes to 



 

 

 
 

be approximately 20 % larger in patients with PRLs compared to those without.19 As 

activated, iron containing microglia is a defining feature of PRLs and strongly associated 

with CP enlargement, these findings further support the link between CP enlargement 

and chronic neuroinflammation.19 In contrast, a study using PET-imaging and the 

radioligand [18F]DPA-714 to phenotype chronic MS lesions, found that increased CP 

volume was associated with a higher proportion of homogenously active lesions, but 

not with rim-active or nonactive lesions.17 The study further reported that the 

association was stronger in the periventricular WM, which enforces the notion that 

neuroinflammation may be primarily driven by periventricular regions and suggests a 

potentially impaired function at the BCSFB level. Equal to PRLs, homogenously 

activated lesions were linked to increased presence of activated microglia, as [18F]DPA-

714 binding results from increased presence of proinflammatory cells, mainly microglia 

and in smaller proportions of inflamed astrocytes.94  

 

In addition to increased inflammatory activity at the lesion rim, progressive tissue loss 

within slowly expanding WMLs, or CALs, has been reported.89,95,96 Slowly expanding 

WMLs demonstrate lower signal density on MRI compared with non-expanding lesions, 

suggesting progressive accumulation of demyelination and axonal loss within the lesion 

core in slowly expanding lesions.23,89,97 Furthermore, a recent study found an association 

between CP enlargement and WM tissue loss in slowly expanding WMLs.23 Another 

study, using 11C-PiB PET to assess myelin content change within MS lesions, reported 

that failure of remyelination in WMLs in periventricular area positively correlated with 

CP enlargement in pwMS.82 However, the relationship between chronic demyelination at 

the center of CALs, activated microglia and macrophages at the lesion edge, and CP 

volume remains incompletely understood and requires further investigation. 

2.7 Association between CP volume and clinical aspects 

Enlarged CP has been linked to more severe clinical disability and cognitive impairment 

in pwMS.19,25,26 Larger CP volume has been associated with higher EDSS (expanded 

disability status scale) scores19,25 as well as lower MoCA (Montreal cognitive 

assessment)19,26 and SDMT (symbol digit modalities test) scores,19,25,26 suggesting that 

greater CP volume is associated with greater disability and worse cognitive 



 

 

 
 

performance in pwMS.19,25 However, in one cross-sectional study, the association 

between CP volume and clinical status scores lost statistical significance after 

adjusting for brain lesion volume and brain atrophy.19 This study suggested that the 

relationship between CP enlargement and clinical disability may be indirectly mediated 

by increased lesion load and brain atrophy.  

 

Another recent cross-sectional study demonstrated that patients with cognitive 

impairment showed a significantly larger CP compared to patients without cognitive 

impairment.26 The authors suggested that structural and secretory changes of the 

enlarged CP, including the release of proinflammatory cytokines and increased immune 

cell entry into the CNS, may contribute to a chronic proinflammatory state in the brain. 

The authors further suggested that this may promote not only demyelination and 

neuroaxonal loss but also impaired synaptic function, which may play a vital role in 

disease progression and cognitive impairment.26  

 

Furthermore, one longitudinal study found that pwMS with greater clinical disability at 

baseline, as measured by EDSS scores, showed a greater increase in CP volume after a 

2-year follow-up.25 Conversely, worse cognition at baseline, as measured by SDMT 

scores, was not significantly correlated with CP volume changes during the same 2-year 

follow-up. No correlation was observed between baseline CP volume and disability or 

cognition worsened over a 2-year follow-up period either. However, manually 

segmented CP volume at baseline was associated with disability worsening over a 5-

year follow-up, but this association lost statistical significance when automatic 

segmentation was used. 

 

Fatigue is a common symptom in pwMS, with up to 80 % of patients experiencing MS-

related fatigue.98 Fatigue is difficult to treat and to prevent with modern disease-

modifying treatments.99 Recent studies have shown no correlation between WM lesion 

burden, brain atrophy, and fatigue experienced by pwMS.26,98 Interestingly, more severe 

MS-related fatigue has been significantly associated with higher CP volume.26,98 These 

studies suggested that the chronic proinflammatory state potentially induced and 

sustained by enlarged CP may contribute to fatigue in pwMS. In addition, although more 



 

 

 
 

severe disability and a progressive disease course may exacerbate MS-related fatigue, 

fatigue can also occur independently of disability status and disease duration.26 As both 

CP enlargement and fatigue can be present in the early stages of the disease, these 

observations suggest that CP enlargement may be a key facilitator of a process 

contributing fatigue in pwMS.26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 

3 Conclusions 

MS is the most common neurodegenerative disorder among young adults. The disease 

course varies from relapsing-remitting to progressive forms of MS. Progression can also 

be experienced without relapses, known as PIRA, which is considered the key mediator 

of disability accumulation in pwMS. Autoreactive immune cells enter the CNS via an 

impaired BCFSB and potentially via the CP, which has been shown several alterations in 

pwMS. 

 

Multiple studies have reported CP volume being significantly larger in pwMS compared 

to HCs. CP enlargement in MS has been linked to increased microglial and macrophage 

activity, as well as increased release of proinflammatory cytokines in the CNS. 

Furthermore, CP enlargement has been associated with greater total and central brain 

atrophy, the latter being more significant than other forms of brain atrophy. CP 

enlargement has also been linked to greater WM atrophy, particularly in the 

periventricular region, suggesting increased neuroinflammatory activity near the 

ventricles. GM atrophy is widely reported in pwMS, but its relationship with CP 

enlargement remains unclear. It has been suggested that GM atrophy is mainly driven by 

neurodegenerative processes whereas WM atrophy is more closely associated with 

smouldering neuroinflammation in the CNS.  

 

Higher CP volume has been linked to increased number and volume of WMLs. 

Interestingly, CP enlargement has been further significantly associated with a higher 

presence of CALs, which is reflected by both PRLs and lesion expansion. As activated 

microglial cells and macrophages are present CALs and have also been linked to CP 

enlargement, these findings suggest that CP may be one of the key mediators driving 

smouldering neuroinflammation. In line with this, lesion load and expansion, together 

with brain atrophy, has been shown to be greater near the brain ventricles than in the 

brain periphery. This suggests that chronic neuroinflammation may follow a 

periventricular gradient, which may result from dysfunction at the BCSFB level.  

 



 

 

 
 

Lastly, enlarged CP has been strongly associated with MS-related fatigue and together 

with increased lesion load has been shown to predict more severe clinical disability and 

cognitive impairment in pwMS. These findings further support the notion that CP may 

play a crucial role, or even drive, smouldering neuroinflammation in pwMS. However, 

more longitudinal studies are required to examine these associations.  
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