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Grey Matter & MS 
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Grey matter  
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James w. Dawson, 1916 

• “...when an area [of demyelination] is confined to the 

cortex, the changes are, as a rule, not nearly so 

marked...” 

 

 

Dawson also wondered:  

 

• “Is then, the process that attacks the cortex different in 

its nature and origin from that which affects the rest of 

the central nervous system?”.  

Dawson, J. D. The histology of disseminated sclerosis. Trans. R. Soc. Edin. 50, 517–740(1916). 
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Grey matter involvement in MS 
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Bo et al, 2003  
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Types of grey matter lesions 

 

Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Types of grey matter lesions 

 

 

 

 

 

 

• Type 1 (leukocortical): lesions extend through grey 

matter into the white matter and do not usually reach 

the surface of the brain. 

Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Types of grey matter lesions 

 

 

 

 

 

 

• Type 2 lesions (intracortical): having no contact with 

white matter or with the surface of the brain.  

 

 

Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Types of grey matter lesions 

• Type 3 lesions (Subpial) : extend inward from the 

surface of the brain (the superficial cortical layers).  

Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Types of grey matter lesions 

• Type 4 lesions (Subpial) : extend through the whole 

width of the cortex without reaching into white 

matter.  

Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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When compared with white matter lesions 

 

Grey matter lesions are usually characterized by a 

relative lack of 

 

• Parenchymal lymphocyte infiltration 

• Deposition of antibody  

• Complement proteins 

• Blood–brain barrier disruption 

Bø, L., Vedeler, C. A., Nyland, H. I., Trapp, B. D. & Mörk, S. J. Subpial demyelination in the cerebral cortex of multiple sclerosis 

patients. J. Neuropathol. Exp. Neurol. 62, 723–732(2003). 
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Types of grey matter lesions 

 

Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Preferential sites of grey matter lesions 

• Subpial demyelination and cortical atrophy are more 

pronounced within deep invaginations of the cortex. 

 

Wegner, C., Esiri, M. M., Chance, S. A., Palace, J. &Matthews, P. M. Neocortical neuronal, synaptic, and glial loss in multiple 

sclerosis. Neurology 67, 960–967 (2006). 
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Preferential sites of grey matter lesions 

 

CINGULATE  GYRUS 
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Gilmore, C. P. et al. Regional variations in the extent and pattern of grey matter demyelination in multiple sclerosis: a comparison 

between the cerebral cortex, cerebellar cortex, deep grey matter nuclei and the spinal cord. J. Neurol. Neurosurg. 

Psychiatry 80, 182–187 (2009). 

Grey matter and white matter pathology in multiple sclerosis 
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Grey matter pathology in multiple sclerosis 

 

    Primary  
  
         Secondary  
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Grey matter pathology in multiple sclerosis 

 

Inflammatory 
  
Neurodegeneration 
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Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Calabrese et al, 2015. Exploring the origins of grey matter damage in multiple sclerosis. Nature reviews Neuroscience 16(3):147-58 
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Pathogenesis of GM lesions in MS 

 

• The involvement of a T cell with specificity for both a 

myelin and neuronal antigen. 

 

• A chronic compartmentalized inflammatory response to 

a self-antigen or self-antigens.  

Bettelli, E. et al. J. Exp. Med. 197, 1073–1081 (2003). 

Krishnamoorthy, G. et al. Myelin-specific T cells also recognize neuronal autoantigen in a transgenic mouse model of multiple 

sclerosis. Nature Med.15, 626–632 (2009). 
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Pathogenesis of GM lesions in MS 

 

 

• Cortical demyelination and neuronal loss could involve 

an infectious agent with primary tropism for 

oligodendrocytes and/or cortical neurons ?! 

 

• An infectious organism located in the adjacent meninges 

e.g. Epstein–Barr virus (EBV) 

 

 

Borkosky, S. S., Whitley, C., Kopp-Schneider, A., zur Hausen, H. & de Villiers, E. M. Epstein–Barr virus stimulates torque teno 

virus replication: a possible relationship to multiple sclerosis. PLoS ONE 7, e32160 (2012). 
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Grey matter pathology in multiple sclerosis 

 

    Primary  
  
         Secondary  
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Grey matter and white matter pathology in multiple sclerosis 

 

   Independent  
  
         Dependent   
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In vivo imaging studies confirmed the presence of grey 

matter lesions  

• During the earliest phases of the disease. 

• In patients with very low white matter lesion volume. 

• Sometimes even in patients with RIS  (before any clinical 

symptoms are present). 

• Preceding the occurrence of white matter lesions 

altogether. 

 

 

Calabrese, M. et al. Arch. Neurol. 64, 1416–1422 (2007). 

Giorgio, A. et al. Cortical lesions in radiologically isolated syndrome.Neurology 77, 1896–1899 (2011). 

Calabrese, M. & Gallo, P. Magnetic resonance evidence of cortical onset of multiple sclerosis. Mult. Scler. 15, 933–941 (2009). 

Grey matter and white matter pathology in multiple sclerosis 
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• 3D Regional map of the frequency of the appearance of new grey matter 

lesions during the 5-year follow up in the whole group and in the different MS 

subsets. 

Calabrese M, Reynolds R, Magliozzi R, Castellaro M, Morra A, et al. (2015) Regional Distribution and Evolution of Gray Matter 

Damage in Different Populations of Multiple Sclerosis Patients. PLOS ONE 10(8): e0135428. 

https://doi.org/10.1371/journal.pone.0135428 

 

The correlation between the appearance of new cortical lesions 

and cortical thinning  
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• 3D Regional map of the cortical thickness change during the 5-year follow up in 

the whole group and in the different MS subsets. 

The correlation between the appearance of new cortical lesions 

and cortical thinning  

Calabrese M, Reynolds R, Magliozzi R, Castellaro M, Morra A, et al. (2015) Regional Distribution and Evolution of Gray Matter 

Damage in Different Populations of Multiple Sclerosis Patients. PLOS ONE 10(8): e0135428. 

https://doi.org/10.1371/journal.pone.0135428 
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Grey matter pathology in multiple sclerosis 

 

Inflammatory 
  
Neurodegeneration 
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Subcortical grey matter 

Reproduced with permission from Schoonheim M, Popescu V, Rueda Lopes FC, Wiebenga OT, Vrenken H, Douw L, Polman CH, 

Geurts JJG, Barkhof F. Subcortical atrophy and cognition: Sex effects in multiple sclerosis. Neurology 2012;79:1754-1761 
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Thalamic atrophy was more marked in men with MS 

MS male 

MS female 

Reproduced with permission from Schoonheim M, Popescu V, Rueda Lopes FC, Wiebenga OT, Vrenken H, Douw L, Polman CH, 

Geurts JJG, Barkhof F. Subcortical atrophy and cognition: Sex effects in multiple sclerosis. Neurology 2012;79:1754-1761 
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Iron deposition in the subcortical 

deep gray matter (SDGM) of multiple sclerosis (MS) 
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Iron deposition in the subcortical 

deep gray matter (SDGM) of multiple sclerosis (MS) 
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Dentate and MS 
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Dentate and MS 



38 

38 

Dentate and MS 

Gadopentetate 

dimeglumine (Gd-

DTPA, 

Magnevist®)) being 

more likely to 

accumulate than 

macrocyclic agents 

(e.g. gadobutrol 

(Gd-BT-DO3A, 

Gadovist®)). 
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Our understanding of MS is changing 

MS causes focal and diffuse damage to the brain 

Diffuse damage3-7 
Focal damage1-3  

(lesion) 

LOSS OF  

FUNCTION8 

(physical / cognitive) 

1. Smirniotopoulos JG et al. Radiographics 2007; 2. Markovic-Plese S, McFarland HF. Curr Neurol Neurosci Rep 2001; 3. Kutzelnigg A and Lassmann H. Handbook Clin 

Neurol 2014; 4. Kutzelnigg A et al. Brain 2005; 5. Frischer JM et al. Brain 2009; 6. Chun J and Hartung HP. Clin Neuropharmacol 2010; 7. Lassmann H. Glia 2014; 8. 

Barten LJ et al. Drug Des Devel Ther 2010. Left and right brain images adapted with permission from Kutzelnigg A et al., Cortical demyelination and diffuse white matter 

injury in multiple sclerosis, Brain 2005; 128 (Pt 11); 2705-2712 by permission of Oxford University Press 

• Focal white matter (WM) lesions are the classic hallmark of MS1-3 

• It is now evident that damage also occurs in grey matter (GM) and 

diffusely in normal-appearing WM (NAWM)3-7 
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• Brain volume loss 

MS causes focal and diffuse damage to the brain 

Diffuse damage3–7 
Focal damage1–3  

(lesion) 

*Gd+ T1 lesions and / or new / enlarging T2 lesions. 1. Smirniotopoulos JG et al. Radiographics 2007; 2. Markovic-Plese S, McFarland HF. Curr Neurol Neurosci Rep 2001;  

3. Kutzelnigg A, Lassmann H. Handbook Clin Neurol 2014; 4. Kutzelnigg A et al. Brain 2005; 5. Frischer JM et al. Brain 2009; 6. Chun J, Hartung HP. Clin Neuropharmacol 2010; 

7. Lassmann H. Glia 2014; 8. Barten LJ et al. Drug Des Devel Ther 2010. Left and right brain images adapted from Kutzelnigg A et al., Cortical demyelination and diffuse white 

matter injury in multiple sclerosis, Brain 2005; 128 (Pt 11); 2705-2712 by permission of Oxford University Press 

• MRI lesions 
T2 / Gd+ T1 lesions (focal damage) 

• T1 black holes 
(severe localised tissue damage / 

destruction) 

LOSS OF 

FUNCTION8  
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MS causes focal and diffuse damage to the brain 

Focal damage1–3  

(lesion) 

Diffuse damage3–7 

LOSS OF 

FUNCTION8 
(physical / cognitive) 

• MRI lesions 
T2 / Gd+ T1 lesions (focal damage) 

• T1 black holes 
(severe localised tissue damage / 

destruction) 

• Brain volume loss 

*Gd+ T1 lesions and / or new / enlarging T2 lesions. 1. Smirniotopoulos JG et al. Radiographics 2007; 2. Markovic-Plese S, McFarland HF. Curr Neurol Neurosci Rep 2001;  

3. Kutzelnigg A, Lassmann H. Handbook Clin Neurol 2014; 4. Kutzelnigg A et al. Brain 2005; 5. Frischer JM et al. Brain 2009; 6. Chun J, Hartung HP. Clin Neuropharmacol 2010; 

7. Lassmann H. Glia 2014; 8. Barten LJ et al. Drug Des Devel Ther 2010. Left and right brain images adapted from Kutzelnigg A et al., Cortical demyelination and diffuse white 

matter injury in multiple sclerosis, Brain 2005; 128 (Pt 11); 2705-2712 by permission of Oxford University Press 
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• MRI lesions 
T2 / Gd+ T1 lesions (focal damage) 

• T1 black holes 
(severe localised tissue damage / 

destruction) 

MS causes focal and diffuse damage to the brain 

*Gd+ T1 lesions and / or new / enlarging T2 lesions. 1. Smirniotopoulos JG et al. Radiographics 2007; 2. Markovic-Plese S, McFarland HF. Curr Neurol Neurosci Rep 2001;  

3. Kutzelnigg A, Lassmann H. Handbook Clin Neurol 2014; 4. Kutzelnigg A et al. Brain 2005; 5. Frischer JM et al. Brain 2009; 6. Chun J, Hartung HP. Clin Neuropharmacol 2010; 

7. Lassmann H. Glia 2014; 8. Barten LJ et al. Drug Des Devel Ther 2010. Left and right brain images adapted from Kutzelnigg A et al., Cortical demyelination and diffuse white 

matter injury in multiple sclerosis, Brain 2005; 128 (Pt 11); 2705-2712 by permission of Oxford University Press 

Focal damage1–3  

(lesion) 

• Brain volume loss 

Diffuse damage3–7 

LOSS OF 

FUNCTION8 
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Disability 

Cognitive decline 

Clinical correlates of grey matter atrophy 
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Clinical correlates of grey matter atrophy 

Region Clinical correlates 

Cortex Physical disability 

Fronto-parietal cortex, striatum 

and thalamus 

Fatigue  

Dentate nucleus Gait  

Thalamus Cognitive impairment, fatigue 

Chard DT, Griffin CM, Parker GJ, Kapoor R, Thompson AJ, Miller DH: Brain atrophy in clinically early relapsing-remitting 

multiple sclerosis. Brain 2002,125(Pt 2):327–337. 

Niepel G, Tench Ch R, Morgan PS, Evangelou N, Auer DP, Constantinescu CS: Deep gray matter and fatigue in MS: a T1 

relaxation time study. J Neurol 2006,253(7):896–902. 

Tjoa CW, Benedict RH, Weinstock-Guttman B, Fabiano AJ, Bakshi R: MRI T2 hypointensity of the dentate nucleus is related to 

ambulatory impairment in multiple sclerosis. J Neurol Sci 2005,234(1–2):17–24. 
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GM volume changes may be more clinically relevant  than WM changes 

• Multicentre study in 977 patients with MS 

• GM but not WM volumes decreased with advancing disease stage 

• GM volume predicted disability (EDSS) and cognitive impairment 

(PASAT) better than WM volume or T2 lesion volume 

**p<0.01; ***p<0.001. PASAT, Paced Auditory Serial Addition Test 

Roosendaal SD et al. Mult Scler 17(9) pp. 1098-1106, copyright © 2011 by SAGE. Reproduced by permission of SAGE 

Normalised GM volume Normalised WM volume 

CIS RRMS SPMS PPMS 

*** 
*** 

*** ** 

0.85  

0.80  

0.75  

0.70  

0.65  
CIS RRMS SPMS PPMS 

*** 
** 
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Cognition and GM volume 

• GM volume positively correlated with PASAT-2 at the level of the 

orbitofrontal cortex  

• GM and intercranial volume ratio were closely associated with 

cognitive performance 

 

Clusters of significant correlations are superimposed on sagittal, coronal and axial slices of the single-subject T1 template provided with Statistical Parametric Mapping 8 

software. Sbardella E et al. (2013) Assessing the correlation between grey and white matter damage with motor and cognitive impairment in multiple sclerosis patients. 

PLoS ONE 8(5): e63250. doi:10.1371/journal.pone.0063250. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited 
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Regional brain volume loss is a marker of cognitive decline in MS 

Neocortical volume loss 

is associated with 

decline on global 

cognition batteries1 
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Stable or 

improving  

Deteriorating  

p=0.007  

GM, grey matter, NCV, neocortical volume loss 

1. Amato MP et al. Arch Neurol. Copyright © (2007) American Medical Association. All rights reserved; 2. Reproduced from Neuroimage , Vol.30. Morgen K, Sammer G, 

Courtney SM, Wolters T, Melchior H, Blecker CR, Oschmann P, Kaps M, Vaitl D. Evidence for a direct association between cortical atrophy and cognitive impairment in 

relapsing–remitting MS, p891-898. Copyright (2006), with permission from Elsevier; 3. Filippi M et al. Neurology 2013 

Grey matter damage is one of the key factors 

associated with long-term accumulation of 

cognitive impairment in MS3 

(n = 16) (n = 12) 

MS vs control group MS patients with low 

performance vs matched 

control subjects 

Differences in regional GM volume  

between groups2 

Red = area of highest difference between MS vs controls 
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Cortical thickness and cognition in MS 

Reproduced with permission from Calabrese M et al. Widespread cortical thinning characterizes patients with MS with mild 

cognitive impairment. Neurology 2010;74:321-328 

Healthy adult RRMS RRMS 

35 years 36 years 34 years 

Cognitive impairment 

No No Yes (mild) 

Mean cortical thickness 

2.53 2.32 2.05 

red = thick cortical areas (>2.0 mm), green = thin cortical areas (<2.0 mm) 
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Cognitive profile in MS patients  

 

• Information processing speed 

• Attention 

• Executive functions 

• VS functions 

• Recent and long term memory 

Affected 

 

• General intelligence 

• Language 

• Implicit memory 

 
Spared  
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Case study  

 

• 53 y old lady. 

• Presented with gradual progressive dementia, 

quadriparesis. 

• Infrequent seizures all through her illness. 

• Was diagnosed at 2000 to have MS after 2 attacks of 

hemipresis and ataxia. 
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Female , 53ys, dementia,seizures, quadriplegia 
2015 

2010 

2012 

2000 
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Inflammation, fluid shift and ageing affect brain volume in MS 

• Neural cell changes also affect brain volume in MS 

– microglial volume / number 

– neural tissue loss 

– gliotic scarring 

– remyelination 

 Simon JH. Mult Scler 2006; Barkhof F et al. Nat Rev Neurol 2009 

Shrinkage 

Increased 

volume 

Reduced inflammation 
Fluid  

shift 
Ageing 

Fluid shift Inflammation 
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DIR 
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Pitfalls of DIR 

 

• It does not always allow a correct identification of the two 

main CL subtypes recognized histologically, i.e., pure 

intracortical (IC) and leukocortical  

 

• Differentiation of LC lesions from juxtacortical lesions is 

challenging and sometimes impossible.  

 

• Missing the identification of small oval IC lesions 
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DIR Vs PSIR 

 DIR PSIR 
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DIR Vs PSIR 

 
DIR PSIR 
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McDonlad’s Criteria 2017 
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Conclusions  

• GM damage in MS is common and widespread, 

especially in chronic MS. 

 

• GM atrophy correlated more strongly than WM atrophy 

with disability and cognitive impairment. 

 

• Cortical lesions have been difficult to visualize with 

conventional MRI, but due to newer imaging techniques 

(like DIR, PSIR and (Ultra) high-field MRI ) lesion 

detection improved. 
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amrhasanneuro@kasralainy.edu.eg 


