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Summary  

Some of the clinical manifestations of multiple sclerosis (MS), such as memory impairment 

and depression, are, at least partially, related to involvement of the hippocampus. Pathological 

studies have demonstrated extensive demyelination, neuronal damage and synaptic abnormalities in 

the hippocampus of MS patients. Improvements in MRI technology have provided novel ways to 

assess, in vivo, hippocampal involvement. It is now accepted that clinical manifestations related to 

the hippocampi are due not only to focal hippocampal damage, but also to disconnection of the 

hippocampus from several brain networks. 

There is evidence of anatomical and functional subspecialization of the different 

hippocampal subfields, which result in regional variability in susceptibility to both damaging and 

reparative mechanisms following damage occurrence. The hippocampus also has an important role 

in plasticity and neurogenesis, both of which have the potential to contribute to functional 

preservation and restoration. All of this underlines the importance of an evaluation of the 

hippocampus not only for improving our understanding of MS clinical manifestations, but also as a 

potential future target for treatment.  
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Introduction 

Extensive demyelination, neuronal damage and synaptic abnormalities are the characteristic 

pathological features of hippocampal involvement in many people with multiple sclerosis (MS). 

Advances in magnetic resonance imaging (MRI) techniques have provided several in vivo tools to 

detect hippocampal damage and investigate its clinical relevance in several neurological conditions. 

The application of these methods in MS has helped to highlight that not only focal hippocampal 

involvement, in terms of lesions, microstructural abnormalities and tissue loss, but also structural 

and functional disconnections of the hippocampus from several brain networks contribute, at least 

in part, to explain some of the clinical deficits of these patients, such as cognitive impairment and 

depression.  

Pathological and MRI studies have shown that different hippocampal subfields have 

different susceptibility to damage. In addition to damaging processes, there is also evidence of an in 

vivo expansion of the hippocampal dentate gyrus (DG), that may represent a compensatory response 

to central nervous system (CNS) inflammation. 

We discuss the current state of the knowledge concerning hippocampal involvement in MS. 

Symptoms ascribable to hippocampal dysfunction and the pathological substrates of this 

involvement are considered. We then summarize the literature where MRI has been applied to 

provide in vivo measures of hippocampal damage and dysfunction. Next, evidence of plasticity in 

this structure is examined in order to give a base to the emerging view of the hippocampus as a 

candidate target for treatment strategies.  

 

Clinical manifestations of hippocampal damage  

Current knowledge of hippocampal function in humans derives from seminal descriptions of 

single patients with lesions affecting this region. Recent studies have used MRI to define 

hippocampal morphology and connectivity, linking these with clinical and behavioral assessments. 
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Figure 1 provides a schematic representation of the main hippocampal subdivisions and 

connections. Appendix presents some evidences supporting hippocampal functional specialization. 

An event-related functional MRI study of encoding and retrieval in ten healthy individuals 

have shown that distinct hippocampal subregions are differentially involved in memory function, 

with the dentate gyrus (DG) (DG) and the cornus ammonis (CA) fields 2 and 3 (CA2 and 3) 

selectively recruited during episodic memory formation and the subiculum activated during 

retrieval processes.1 Consistent with this regional specialization, cell loss in the DG, CA3 and CA4 

assessed on surgical resection of 100 consecutive epileptic patients correlated with deficits in 

declarative memory formation, evaluated from intracarotid amobarbital testing and non-invasive 

verbal memory assessment before surgery.2 

Moving to MS, numerous studies have shown that MS patients suffer primarily from 

deficient initial acquisition of learning rather than impairments in retrieval from long term storage, 

as assessed using list-learning tasks.3, 4 Deficits were specific to learning and memory rather than 

other aspects of cognition (e.g., processing speed and working memory). Memory impairment 

occurs from the early stages of the disease, in patients with clinically isolated syndromes (CIS).5 

Recently, decreased performance in a pattern separation task was demonstrated in a cross-sectional 

study of 19 patients with early relapsing-remitting (RR) MS (within 6‐to‐18 months after a first 

neurological episode suggestive of MS), in comparison to healthy controls matched for age, gender 

and education level, in the absence of information processing speed (evaluated with the 

Computerized Speed Cognitive Test ) and visuospatial memory (evaluated with the Brief 

Visuospatial Memory Test) impairment.6 Since it has been shown a critical role of the DG in pattern 

separation,7 impaired performance in this task could be seen as evidence that brain areas implicated 

in pattern separation, for which the DG is crucial, are involved in early MS. 

Depression has also been associated with hippocampal involvement in MS and affects up to 

50% of patients.8 Many mechanisms have been implicated in the pathogenesis of depression in MS, 

including genetic, biochemical, immunological and psychosocial factors. However, abnormalities 
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detected using MRI, including gadolinium-enhancing lesions,9 T2 lesions in strategic white matter 

(WM) regions, atrophy of specific grey matter (GM) structures and abnormal recruitment of 

specific pathways, seem to play a prominent role.8 For this review, only those mechanisms that may 

be related to hippocampal involvement will be discussed. Some of the research on the link between 

hippocampal damage and depression in MS has been inspired by studies in patients with major 

depression, in whom hippocampal atrophy is present from the first episode of the disease, a shown 

by a random-effect meta-analysis of MRI studies.10 Several candidate mechanisms for hippocampal 

atrophy in depressed patients have been examined, some of which are based on the assumption that 

depression is a stress-related disorder.11 Disturbed hypothalamic pituitary adrenal (HPA) axis 

function is a feature of depression, and it has been proposed that adrenal hypersecretion of 

glucocorticoids, in particular cortisol, could cause hippocampal atrophy.11 Interestingly, there is 

evidence of increased HPA axis activity in a large proportion of MS patients (53 of 86 patients, 

62%) particularly in those with progressive MS.12  

Psychosis has also been related to hippocampal involvement in psychiatric patients (i.e., 

schizophrenia).13 Unfortunately, as discussed in a recent epidemiological study,14 the frequency of 

psychosis in MS is currently underestimated, due to heterogeneity between studies in data sources, 

populations, and definitions of psychiatric comorbidity. As a consequence, further investigations are 

needed to explore this manifestation and its underlying substrates.  

 

Pathological basis of hippocampal damage in MS 

Hippocampal demyelination in MS is common and extensive.15-18 A study of 19 chronic MS 

cases and 7 control samples with no neurologic or psychiatric diseases showed demyelinated lesions 

in 15 (79%) patients and none of controls. Mixed intrahippocampal-perihippocampal lesions were 

large and did not respect anatomical borders. These lesions were found in six of seven MS cases 

with cognitive impairment (extrapolated from clinical files of tissue donors) and three of ten cases 

without cognitive impairment. Small, isolated intrahippocampal lesions were also frequently seen in 
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MS patients, and had a specific anatomical predilection, with consistent sparing of both the CA2 

subregion and the hilus of the DG in all MS cases (Figure 2).16 Another investigation found 

demyelinated hippocampal lesions in 24 of 45 (53%) progressive MS cases, with a mean of 30.4% 

(SD=22%, range=1.8%-95.4%) of demyelination of total hippocampal cross-sectional area.18 The 

majority of lesions were chronic and located subpially. Significant reductions of neuron counts in 

comparison to controls were detected in CA1 (percentage difference: -27.0%) and CA3-2 

(percentage difference: -29.7%),  with no difference between patients with and those without 

demyelinated lesions. In another study of 22 MS patients and 9 control patients, hippocampal 

demyelination was extensive in 12 patients and absent or minimal in the remaining ten patients. 

Compared to control hippocampi, no clear neuronal loss was detected in demyelinated hippocampi, 

whereas a significant decrease of synaptic density was found, indicating that myelin loss can induce 

synaptic loss in hippocampal neurons. Demyelinated hippocampi had a decreased expression of 

proteins involved in axonal transport, synaptic plasticity, memory, learning and neuronal survival.17 

To identify the mechanisms underlying the regulation of neuronal gene expression, microRNA 

(miRNAs) were compared between myelinated and demyelinated hippocampi.19 An up‐regulation 

of several neuronal miRNAs, including miR-124, and decreased expression of neuronal genes, 

including AMPA receptors, were found with hippocampal demyelination. Significant reductions in 

the number of synapses associated with hippocampal neurons were found in demyelinated 

regions.17, 20 The cause of this synaptic loss is not clear, but may be partly attributable to ‘synaptic 

stripping’ by microglia.21 Inflammatory demyelination may lead to altered AMPA receptor 

expression17, 19 as well as a selective loss of interneurons and subsequent disruption of the 

GABAergic system. In a presumed attempt to ‘rescue’ the micro-environment from excitotoxicity 

by excess glutamate, microglia are thought to strip the neurons from their synapses, by displacing 

presynaptic terminals.21 Flagging of synapses for subsequent stripping may occur through activation 

of the complement system.20 Microglia are regionally present in microscopically investigated 

hippocampal specimens,16, 17 mostly in those areas ‘at risk’ of being demyelinated. This is in 
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contrast with already demyelinated areas, which are largely devoid of microglial activity and 

macrophages.16 Activated microglia and macrophages upregulate expression of the 18kDa 

translocator protein (TSPO), which can be imaged in vivo by positron emission tomography (PET) 

TSPO radioligands. A combined PET and 7T MRI study found significant microglial and 

macrophage activation in several GM structures, including the hippocampus, in RRMS (n=12) and 

secondary progressive (SP) MS (n=15) patients, even in absence of focal lesions visually-

identifiable at ultra-high field.22  

GM inflammation is a hot topic in current MS research, although how far (adaptive) 

immunological processes are causal to demyelination and subsequent neuronal and synaptic 

changes in the temporal chain of pathological events, is far from resolved. Epigenetic mechanisms 

(e.g., DNA methylation) have been shown to alter gene expression in the hippocampus of MS 

patients.23 Whether these mechanisms are involved in the pathogenesis or represent a secondary 

consequence of demyelination remains to be defined.  

 

Imaging hippocampal damage in MS using MRI 

Considerable effort has been spent on improving MR imaging of the hippocampus in MS, by 

applying methods that are currently used to assess other CNS structures and neurological 

conditions, in which the hippocampus is among the primary target regions (e.g., dementias). This 

has been motived on the one hand by an attempt to explain clinical symptoms that may be directly 

or indirectly related to hippocampal involvement, and on the other by the goal of improved 

understanding of some of the physiopathological processes going on in the disease (for example, 

atrophy development). Appendix summarises the main MRI studies in MS that have included the 

hippocampus as a target of investigation by assessing lesions, atrophy as well as structural and 

functional connectivity abnormalities at this level. As can be seen, hippocampal atrophy is the most 

frequently assessed MRI measure, with quite heterogeneous findings, likely because of differences 
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in demographic and clinical characteristics of the subjects enrolled, as well as methodological 

issues, as summarised in the Appendix.  

Lesions. As is the case for other GM regions, conventional T2-weighted imaging is 

suboptimal for demonstrating in vivo the presence of focal hippocampal lesions. The use of 

specialised imaging techniques, such as double inversion recovery (DIR), has allowed the detection 

of about 50% more lesions in comparison to conventional T2-weighted scans (Figure 3).24 

However, the poor signal-to-noise ratio and spatial resolution of DIR images preclude the 

identification of subfield involvement achieved with pathological assessment; combined MRI-

pathology studies of hippocampal involvement are currently completely lacking. A three-year 

clinical and MRI study showed that the number of hippocampal lesions is relatively stable over time 

in 13 MS patients (9 with RRMS, 4 with SPMS).25 Despite this, these lesions are clinically relevant, 

since they are associated with deficits in visuo-spatial memory25 and epilepsy.26  

One way to circumvent the limited spatial resolution is to use quantitative MR techniques to 

estimate the overall burden of microscopic hippocampal involvement. Using diffusion tensor (DT) 

MRI, it has been demonstrated that microstructural hippocampal abnormalities occur relatively 

early in the course of the disease, in the CIS phase (n=37 CIS studied within 6 months from the first 

clinical attack), even though they are more pronounced in RRMS (n=32).27 Increased hippocampal 

water diffusivity in CIS patients was correlated with episodic verbal memory performance, assessed 

with the California Verbal Learning Test, and helped to distinguish memory-impaired from 

memory-preserved CIS patients at the delayed recall Selective Reminding Tests, suggesting that it 

might represent an early biomarker for monitoring hippocampus-related memory impairment.  

Atrophy. Hippocampal atrophy is likely to result both from local pathological processes and 

from secondary retrograde phenomena due to damage in tracts and regions connected to the 

hippocampus.28 Current MRI studies of atrophy (Appendix) have all excluded patients with relapses 

or steroids treatment in the month prior to MRI to minimise their influence on volumetric 

assessment. Hippocampal atrophy in MS has been documented in many studies, using different 
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methods of analysis (Appendix), and has been correlated with both global cognitive impairment and 

impairment in specific cognitive tests, mostly in the domain of memory.29-33 Hippocampal atrophy 

is present both in RRMS (including pediatric patients)33 and progressive MS patients, suggesting 

that it might occur early in the course of the disease (Online Figure 1).31, 34, 35 A study that 

examined the role of patients’ age on brain GM volumetric abnormalities found significant excess 

atrophy of the hippocampus in younger-onset (mean age=30.4 years, SD=3.2 years) versus older-

onset (mean age=48.7 years, SD=3.3 years), whereas for all other GM structures, atrophy was 

similar in the two groups, suggesting severe tissue abnormalities in hippocampal substructures in 

people with earlier onset disease.36  

In line with other neurological conditions37, 38 and with pathology studies in MS,16, 17 studies 

that have applied regional methods of analysis have suggested that hippocampal subregions have 

different vulnerability to damage, with CA1 and the subiculum as the most severely damaged 

regions.35, 39, 40 Poor performance in hippocampal-related functions, such as visuospatial memory, 

verbal memory and memory acquisition correlated with atrophy of the previous regions.35, 39 A 

recent longitudinal study in 56 CIS patients found early atrophy of the CA4/DG subfield, which 

spread to the CA1 after one year.40 CA1 atrophy helped to explain verbal memory performance 

deficits, assessed with the Selective Reminding Test, at this timepoint.40     

Several MRI studies have shown hippocampal atrophy in MS patients with depressive 

symptoms (Appendix).41-43 Patients with RRMS (n=29) and depression, assessed using the Beck 

depression scale, had a preferential atrophy of the CA23 and DG regions, which correlated with 

higher cortisol levels,42 consistently with the vulnerability of these regions to the effects of elevated 

endogenous glucocorticoids. 

An enlargement of part of the DG has been detected in vivo using radial mapping 

techniques.44 Interestingly, DG enlargement was more pronounced in RRMS (n=28) compared  to 

SPMS (n=34) patients and correlated with brain T2-hyperintense lesion volume. In RRMS, DG 

enlargement correlated with better performance at hippocampal verbal memory tests, whereas in 
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SPMS it correlated with poor cognitive performance, suggesting that there may be a reactive 

process induced by inflammatory lesions aimed at rescuing the functional competence of 

hippocampal circuitry (Online Figure2).44 Clearly, these results need to be replicated and since 

there is no canonical method for measuring hippocampal subregional volumes in vivo, they should 

be interpreted with caution. 

Structural connectivity. DT MRI is valuable for assessing structural connectivity 

abnormalities within the hippocampal network. Consistent alterations of DT MRI derived indexes 

of WM tracts connecting the hippocampus to other GM regions (i.e., decreased fractional 

anisotropy and increased mean diffusivity) indicating reduced connectivity have been demonstrated 

by several studies in MS patients with different disease clinical phenotypes (Appendix) and have 

been correlated with memory impairment.34 

fMRI abnormalities. Hippocampal involvement in MS has also been demonstrated using 

fMRI techniques, both with hippocampus-related active fMRI tasks and by analyzing resting state –

(RS) functional connectivity (FC).45-48 Different patterns of activation (increased activation, 

decreased activation, or more recently, increased deactivation)49 and FC (increased RS FC or 

decreased RS FC) have been shown in patients with and without cognitive deficits or depression 

(Appendix).50, 51 

 These fMRI abnormalities are seen prior to the development of atrophy and hippocampus-

related cognitive deficits, suggesting that they may be an early indicator of hippocampal 

dysfunction.45-47  

 

Plasticity of the hippocampal network  

The behavioral and neuroimaging effects of (aerobic) exercise, cognitive rehabilitation, and 

more specifically memory retraining, in relation to the hippocampal memory network has been 

extensively studied in several populations, such as healthy aging, mild cognitive impairment, 

psychiatric disorders, Alzheimer’s disease and to a lesser extent MS.52-56 Results are rather 
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inconclusive, due to methodological differences and often small sample sizes. However, they do 

point towards beneficial effects of interventions on hippocampal memory function, hippocampal 

volume and hippocampal activity. 

Several mechanisms have been implicated in hippocampal structure changes, including 

trophic factors (insulin-like growth factor 1 and brain-derived neurotrophic factor), angiogenesis 

and neurogenesis. It has been challenging to assess the extent of postnatal neurogenesis in humans, 

since the methods used in experimental animals that provide clear-cut results are not applicable in 

humans. However, several lines of evidence support continuous neurogenesis in the human DG. A 

seminal study assessed the incorporation of the thymidine analogue BrdU in five cancer patients 

(squamous cell carcinomas of the tongue, larynx or pharynx) who had received this compound for 

diagnostic purposes, and provided the first evidence for adult neurogenesis in humans.57 In another 

approach, 14C from nuclear bomb tests was measured in genomic DNA of hippocampal neurons, 

and demonstrated continuous hippocampal neurogenesis throughout adulthood.58 The process of 

adult hippocampal neurogenesis provides the DG with neurons with unique electrophysiological 

properties. These new neurons are hyperexcitable for about a month after their formation.59 

Although at any given time they constitute a small proportion of the DG neurons, their special 

properties in a population of otherwise largely inhibited neurons, gives them substantial influence 

on the plasticity of the circuitry. Although the impact of neurogenesis on hippocampal function has 

been challenged,60 it has been demonstrated that hippocampal memory formation is positively 

correlated with neurogenesis.61 One recent study on brain tissues from 28 deceased subjects 

between 14 and 79 years of age62 confirmed that human hippocampal neurogenesis occurs 

throughout aging in healthy subjects with no reported cognitive impairment and no neurological or 

psychiatric diagnoses during life, whereas another study found a sharp decline during childhood of 

DG neurogenesis,63 thus challenging the notion that adult neurogenesis occurs in the human 

hippocampus. Methodological and conceptual factors that could explain these opposing results have 

been critically discussed in a recent review,64 but this is beyond our remit here.  
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A recent meta-analysis of 14 controlled trials examined the effects of aerobic exercise on 

hippocampal volume in humans (i.e., a mix of older adults aged between 65 and 76 years, patients 

with mild cognitive impairment, Alzheimer’s disease, and psychiatric disorders).52 Aerobic exercise 

had no effect on total hippocampal volume across the 737 participants, while it contributed to 

volume preservation over time of the left hippocampus, when the two hippocampi were analyzed 

separately. As discussed by these authors,52 more high-quality studies, possibly with longer follow-

up duration (more than 12 months) are now needed to disentangle the effects of aerobic exercise on 

hippocampal volume and to ascertain the possibility (and basis) of a laterality effect.   

A study in healthy elderly people (n=26, mean age= 67.9 years, SD=3.3 years) demonstrated 

increases in hippocampal volume after intensive training (twice a week for 6 months, followed by 

once a week for 12 months; 90 minutes training).65 The hippocampal changes were seen in people 

participating in fitness sport and dance; however, the changes were more pronounced and 

widespread in the dance intervention, including the right subiculum and left DG. Future studies 

should investigate whether such ‘combination studies’ might exert larger effects on the 

hippocampal network than single modality studies. Also, intensity and duration of the intervention 

might determine whether structural changes in the hippocampus can be observed. Functional 

changes in hippocampal activity, contrary to volume changes, can occur relatively fast (already seen 

after two weeks of cognitive training) and were even observed in patients that already had deficits 

in the memory domain (12 patients with mild cognitive impairment according to recommendations 

from an International Committee).66 These changes in hippocampal activation were associated with 

improvement at verbal memory, engendering a restoration of the deficient activity.66  

 

A potential future target for treatment  

Evidence for hippocampal plasticity and verbal and visuo-spatial memory deficits suggests 

that the hippocampus might be an interesting target for cognitive rehabilitation studies aimed at 

improving memory deficits. Using MRI measures to monitor interventions that particularly aim to 
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remediate episodic or visuospatial memory disturbance would seem to be the logical first step. 

However, functional and structural changes of the hippocampus could also be used as markers of 

global beneficial effects of non-hippocampus specific (e.g., constraint-induced therapy) or rather 

general (e.g., aerobic exercise) therapies, as suggested in other conditions. For example, in chronic 

stroke patients (n=16), positive effects of constraint-induced therapy (3 hours daily for 10 

consecutive weekdays) on motor function were associated with volume increases not only in brain 

sensory and motor areas, but also in the hippocampus.67 In a randomized study of 100 older 

individuals (mean age=70.1 years, SD=7, range=55-87 years) with mild cognitive impairment,68 

subjects randomized to 6 months of computerized cognitive training had no decline in memory 

performance and enhanced FC between the hippocampus and frontal lobe, whereas subjects 

randomized to progressive resistance training improved in global cognition and showed an 

enlargement of their posterior cingulate cortex.  

Data on the efficacy of cognitive or motor rehabilitation in patients with MS is scarce, and 

only a handful of studies have used MRI to monitor functional or structural brain changes (see69 for 

a review). Only one of these specifically examined the effect of memory training in MS patients, 

using the modified Story Memory Technique. In this double-blind, placebo-controlled, clinical trial, 

eight MS patients were randomized to treatment and eight to placebo-control. After five weeks of 

training, patients in the treatment group improved in memory performance and had greater 

activation during a memory task of several brain regions, including the hippocampus.70 A sub-

analysis of RS FC data from seven patients in each group showed increased connectivity between 

the hippocampi and several cortical regions in the treatment group only.71 A further report on just 

two memory-impaired patients indicated improvement in memory function as well as increase of  

hippocampal volume and FC in one patient after an aerobic exercise program (30-minute sessions 3 

times per week for 3 months), while no changes were detected in the patient undergoing non-

aerobic (stretching) exercise.72  
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Halting inflammation through the use of disease-modifying treatments might be another 

strategy to  promote hippocampal-related functions. Indeed, inflammatory CNS conditions are able 

to modulate homeostasis of neural stem and precursor cells (NPCs) and perturb some aspects of 

neurogenesis.73 Acute inflammation has been shown to reduce neurogenesis.74 A recent study 

demonstrated that while the inflammatory environment initially promotes hippocampal NPC 

proliferation, it also reduces the capacity of these cells to generate mature neurons and, over the 

long-term, modifies NPC differentiation, giving prominence to gliogenesis.75  

Interestingly, preliminary data have shown that FTY720 (fingolimod), a sphingosine 1-

phosphate receptor agonist, is able to increase the viability and neurogenicity of irradiated neural 

stem cells from the hippocampus.76 In a mouse model of MS, the systemic injection of minocycline, 

a microglial inhibitor, prevented DG neurodegeneration, DTI changes and memory impairment.77 

Recent data in 38 MS patients (36 RRMS, 2 SPMS) treated with natalizumab over a 36 month 

period suggest that including measurement of GM and hippocampal volume changes to monitor 

drug effects helps to improve understanding of the mechanisms responsible for disability 

progression in these patients, since atrophy of selected GM structures was associated with disability 

progression over time.78  

Future research is warranted to clarify the effects of pharmacological treatments on NPC 

maturation pathways and, ultimately, on hippocampal functions.    

 

Conclusions and future directions  

 Understanding of hippocampal involvement in patients with MS has profoundly improved 

during the past few years. Developments in MRI techniques have provided in vivo strategies to 

assess damage to this structure and its progression. The effects of hippocampal disconnection from 

integrated neural networks have also been highlighted. All this has been pivotal in improving our 

understanding of some of the clinical deficits of MS patients, including memory impairment and 
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depression. The utility of these approaches for monitoring these deficits, and for predicting their 

worsening, is still to be investigated.     

 Evaluation of the hippocampus in MS and beyond has revealed its peculiar features, 

including regional vulnerability to damage, elevated synaptic plasticity and neurogenesis potential, 

which offer promising perspectives when including this structure as a target in the evaluation of 

treatment effects in MS.  

Many challenges remain, which require a strict collaboration between clinicians, 

neuropsychologists, pathologists and imaging experts. Standardised approaches for the clinical and 

neuropsychological assessment of hippocampal related manifestations should be fostered. In 

addition, there is the need to identify tests capable to monitor hippocampal dysfunction over time, 

which could be applied in the context of treatment monitoring. Correlative studies between 

pathology and MRI are warranted to further progress knowledge on hippocampal mechanisms of 

damage and repair and to develop imaging measures specific for these processes. Clearly, 

standardisation of MRI procedures and methods of analysis is also needed to move the field 

forward. Effort should also be spent to define imaging biomarkers (single or composite) to track 

hippocampal related changes. Longitudinal studies as well as studies enrolling larger numbers of 

subjects in comparison to those currently available, are now needed to explore further this structure.  
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Search strategy and selection criteria 

References for this Review were identified through searches of PubMed with the search terms 

“Hippocampus”, “Memory”, “Depression”, “Cognition”, “Cognitive impairment”, “Multiple 

Sclerosis”, “Grey Matter”, “White matter”, “Lesions”, “Connectivity”, “Volume”, “Atrophy”, 

“Diffusion Tensor MRI”, “fMRI”, “Resting State fMRI”; “Plasticity”; “Dentate gyrus”, 

“Treatment”, and “Neurogenesis” from 1 Jan 1979 until 1 June 2018. Articles were also identified 

through searches of the authors’ own files. Only papers published in English were reviewed. The 

final reference list was generated on the basis of originality and relevance to the broad scope of this 

Review. 
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Figure legends 

 

Figure 1. Schematic representation of hippocampal subdivisions and connections. 

Anatomically, the hippocampus consists of the cornu ammonis (CA), a heterogeneous structure 

divided into four histological subfields (CA1-CA4), and the DG. The CA and DG form two laminae 

rolled up one inside the other. The subiculum, which extends from the CA, is also part of the 

hippocampal formation.79 There is a further functional and anatomical subdivision of the 

hippocampus along its long-axis,80 with the posterior hippocampus involved primarily in cognitive 

functions and the anterior portion related to stress, emotion and affect.81 The posterior hippocampus 

forms a critical network with the retrosplenial and anterior cingulate cortical areas, inferior parietal 

cortex and the thalamus. The anterior hippocampus is connected with the amygdala, olfactory 

cortex, insula and ventromedial prefrontal cortex, helping to control emotional experience and the 

regulation of affective states. At the top of the figure (A) a model of long-axis hippocampal 

connectivity specialization is shown. Using BrainNet Viewer software starting from the automatic 

anatomic labeling (AAL) of the hippocampal region, a 3-dimensional reconstruction of left and 

right hippocampi is shown in magenta. A coronal section separates anterior and posterior 

hippocampal formations. Brain regions connected with the anterior and posterior hippocampi are 

respectively represented as spherical regions of interests in turquoise and dark blue. At the bottom 

of the figure (B), hippocampal subfields in a healthy subject, obtained by performing freesurfer high 

resolution automatic segmentation (http://surfer.nmr.mgh.harvard.edu/Freesurfer6.0.0), are shown 

in different orientation (axial, coronal and sagittal). To produce this graphical representation, 

hippocampal subfields masks from the freesurfer segmentation were overlaid on a T1-weighted 

MRI images using FSLeyes.  

Abbreviations: IPL=inferior parietal lobule; ACC=anterior cingulate cortex; VmPFC=ventromedial 

prefrontal cortex. 

  

http://surfer.nmr.mgh.harvard.edu/Freesurfer6.0.0)


22 
 

Figure 2. Hippocampal pathology in MS. Proteolipid protein staining (A) and schematic drawing 

(B) of a control hippocampus (coronally cut; original magnification: 2.5×), showing various 

anatomical regions. I, molecular layer of the dentate gyrus (DG) (top: hilus, bottom: molecular layer 

of the DG); II, hilus of the DG; III, cornu ammonis (CA) 3; IV, CA2; V, CA1, superior part; VI, 

CA1, inferior part; VII, subiculum; VIII, parahippocampal gyrus. The arrow indicates the collateral 

sulcus, beyond which no grey matter or white matter (WM) lesions were scored. Large, mixed 

hippocampal-perihippocampal lesions in 2 representative cases with memory impairment 

(proteolipid protein stainings) are shown in C and D. (C) Mixed hippocampal-perihippocampal 

lesion (right black arrow) with a protruding WM part (white arrow) that contained Human 

Leukocyte Antigen (HLA)-antigen D Relate (DR)-positive reactive microglia at the border. The 

lesion covered CA1 and also a large part of the subiculum. An estimated 75% of the myelin in CA3 

was lost and the molecular layer of the DG was fully demyelinated (left black arrow). CA2 was 

relatively intact (only a slight decrease in myelin density was observed). (D) Large periventricular 

mixed lesion (white arrow) that extended into the hippocampus (black arrow). CA1, CA2, and part 

of CA3 were demyelinated. The hilus was intact, as well as the molecular layer of the DG. All 

samples were cut coronally (Zeiss Mirax scan; original magnification: 3×). Reproduced from Geurts 

et al.,16 by permission of Oxford University Press. 

 

Figure 3. DIR sequences show more hippocampal lesions than conventional T2-weighted 

sequences. Coronal 3D double inversion recovery (upper rows) and T2-weighted (lower rows) 

images from two MS patients (A and B). In A, lesions in the left hippocampus (arrow) are visible 

on both sequences. In B, a hippocampal lesion is visible on the DIR sequence, but not on the T2-

weighted sequence. Reproduced from Roosendaal et al., 24 by permission of John Wiley and Sons. 

 

 

 


