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Abstract 
This paper reviews evidence that the presence of mast cells in specific sites of 
central nervous system, suggesting inflammatory processes, may explain all 
the symptoms observed in multiple sclerosis. This hypothesis would be rela-
tively easy to test. 
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1. Introduction 

It has been widely accepted that multiple sclerosis (MS) is an autoimmune, ge-
netic disease. This statement has been included in the introduction to nearly 
every scientific report on MS, even though so many reports were published that 
exclude the genetic factor. 

MS has an uneven geographical distribution and a changing incidence over 
time in several areas of the world. In Norway, the rate of the disease is lower in 
the far north of the country than it is in the South West. MS was earlier a typical 
inland disease; however the latest 50 - 70 years has become just as common at 
the coast as in the inlands [1] [2] [3] [4] [5]. MS does nearly not exist in Africa, 
Indian subcontinent, and the West Indies, yet children of immigrants from these 
areas born in UK show the same high prevalence of MS as the endogeneous 
population [6]. Migration studies indicate that some parts of the disposition for 
MS are already acquired by the age 15 in high-risk areas, and therefore that MS 
is also an environmental disease ordinary acquired in adolescence with an incu-
bation period before symptom onset [7]. This suggests that some exogenous 
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factor(s) are involved such as latitude [8] or nutritional habits. The prevalence of 
MS is high in all parts of northern Europe and in the USA [9] [10] [11], and the 
highest rates are observed from the Orkney Islands in the UK. 

It has been observed that concordance rates among monocygotic twin pairs 
are constantly higher than among dizygotic pairs [12] [13] [14]. It seems, how-
ever, that the concordance rates even for dizygotics are higher than that it would 
be expected from sibship risk [15]. The observations on twins seem to indicate 
that in the first years of life, the environmental exposure for dizygotic twins is 
likely to be more similar than for brothers and sisters that are not twins, and this 
is probably even more so for monocygotic twins. The raised concordance rate in 
dizygotic twins is compatible with the hypothesis that events at early part of life 
are important in determining the subsequent risk of MS [16]. From all these 
facts we conclude that multiple sclerosis is unlikely to be a genetic disease.  

2. There Are Five Facts Characterizing MS 

1) Nuclear magnetic resonance imaging of MS-patients brains revealed a dy-
namic process locally in white matter due to repeated blood-brain barrier dam-
age with subsequent oedema formations [17]. 

2) The development of areas in white matter in which myelin has dissolved: 
plaque(s) formation. In autopsies these are easily observed (Figure 1). 

3) The autopsies normally reveal accumulation of lymphocytes (T-lymphocytes) 
[18] around venules (as demonstrated in Figure 2 and Figure 3).  

4) Clusters of mast cells along the venules, mostly at borderzones of the 
MS-plaques, see e.g. Figure 4 and Figure 5 [19]-[26]. The mast cell has surface 
IgE-receptors and is the connective tissue cell equivalent to the blood basophil. 

5) Elevated mast cell protease (tryptase) in cerebrospinal fluid of MS-patients. 
[27]. 

In normal unaffected human brain mast cells are present only in a few re-
stricted places: area postrema, infundibulum, in the pineal organ (and its sur-
rounding leptomeninges) as well as in the choroid plexus, but not elsewhere in  
 

 
Figure 1. MS-Plaque in CNS white matter (arrow), surrounded by intact white matter 
(Stained for myelin basic protein) (40×).  
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Figure 2. Lymphocytes (arrow) accumulated at venule (Stained 
for myelin basic protein) (100×).   

 

 
Figure 3. lymphocytes at venule (Stained for mast cell tryptase 
(arrows: mast cells) (400×).  

 

 
Figure 4. Mast cell at venule in plaque borderzone. 
Stained for mast cell Tryptase (1600×). 

 
the brain and spinal chord [28]. In MS-brain autopsies mast cells were originally 
observed by Neumann in 1890 [19] and confirmed by others to be in close contact  
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Figure 5. Mast cell at borderzone of MS-plaque (arrow). Stained 
for mast cell chymase (400×).  

 
to MS-plaques. Most scientists focusing on MS conclude that the numbers of 
ectopic places of mast cells is too small to be of significance. However, recon-
struction and applying more relevant staining-techniques have revealed that the 
numbers of mast cells are ten times higher than hitherto observed. They are 
clustered along venules in the plaque borderzones [25] as demonstated in e.g. 
Figure 6 and Figure 7. In addition, the numbers of mast cells in females are 
twice as high as in males [26] which coincide with higher level of MS in women 
than in males [29]. Moreover, it is known that mast cell proteases may dissolve 
the protein of the myelin sheaths [30], thus may be the reason for the observed 
demyelinization (plaque formation) in MS. Further on: Mast cells survive 
stimulation and massive release of all their mediators, as e.g. histamine and pro-
teases, and in weeks or months may be completely reloaded [31] [32]. This may 
explain the relapsing-remitting phases of MS. The massive release of histamine 
and proteases probably leads to oedema formations and demyelinization char-
acter-rized by the relapsing phase. In contrast the remitting phase occurs when 
the mast cells reload the mediator stores. Primary and secondary progressive MS 
may be the result of graded and/or continuous stimulation of the slowly in-
creasing mast cell population starting from various basepoints. From these ob-
servations it seems relevant to forward the question if mast cells are the key to 
MS [33]. 

I suggest that the mast cell population recruited to CNS early in life of the 
MS-patient-to-be is functional and phenotypical different from mast cells of the 
rest of the body, as a result of a childhood infection. We know that mast cells can 
develop into phenotypically, and functionally, distinct subpopulations. Evidence 
indicates that some of these subpopulations can manifest substantial plasticity 
and permit mast cells to respond to various ligands [34]. This implies that mast 
cells can modify to cytokine signals, epigenetic modifications and other micro-
environmental factors. 

Mast cells are recruited from bone marrow as the functionally close “relative”  
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Figure 6. Mast cells along a venule in plaque borderzone (arrows). 
Stained for mast cell tryptase (250×). 

 

 
Figure 7. Mast cells at venule in borderzone of MS-plaque 
(arrows). Stained for mast cell chymase (100×).  

 
to blood basophils, although the exact lineage is not elucidated. It has been sug-
gested that the mast cell may be a derivative of the monocyte [35]. Resent obser-
vations support this theory; Mast cells may be provoked to express HMC-2 re-
ceptor [36], and may be active phagocytic [37]. Mast cells may be recruited not 
only from invading mast cells, but even from monocytes and transformed to 
mast cell phenotype of the MS-brain.  

The mast cell produces a long range of mediators stored in secretory granules 
that are released upon stimulation of the cells, e.g. histamine, heparin and pro-
teases. This is a relatively quick process with a time range of seconds to minutes 
summarized in e.g. [38]. A delayed secretory process is normally initiated that 
may take many minutes to hours where also a long range of mediators are pro-
duced and released, among them Il-1 which is a potent chemoattractant for 
T-lymphocytes, and thus may explain the observed accumulation of Tl at 
venules of the MS-plaques [18]. 
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The actual stimulations of mast cells may be many-fold, and of course the 
most well-known is the allergic reaction in which the inborn IgE-receptors on 
mast cell surface are stimulated by the appropriate antigen. However, a long 
range of stimulatory substances and situations have been described, of which 
some seems to be relevant for MS as various stress situations (mental and physi-
cal) that has been reported as important factors for the stimulation of mast cells 
[39] [40]. This is relevant in the present context since mast cells may regulate 
blood-brain barrier [39], and that stress is a risk factor for multiple sclerosis [41] 
[42] Catestatin, (fragment of chromogranin-A, which is coreleased with hor-
mones from the enteroendocrine system) is a potent releasing factor for mast 
cells [43] and may obviously be a part of stress-related stimulatory factors for 
mast cells. 

In this context even nutritional factors may be stress-factors for the en-
tero-endocrine system [44]. 

3. Perspectives 

From migration studies it is obvious that disposition for multiple sclerosis is es-
tablished early in life (before the teens) and is not a genetic disease. They also 
point to environmental or behavioural factors. Whether the massive presence of 
mast cells is the direct releasing factor for the induction and maintenance of MS, 
or just a secondary response to immune-reactions going on, may be hard to con-
firm. However, their presence may in itself explain all symptoms we observe in 
the start and maintenance of MS, from the early observations of oedemas, mye-
lin-destruction, plaque formation and the remitting-relapsing phases so often 
observed.  

As for the eventually mast cell releasing factors it seems that the observations 
of latitude/environmental influence on development of MS is probably both nu-
tritional and behavioural. The incidence of MS within the last 50 - 70 years 
changed from being a typical inland disease in Norway to also being more 
common at the coast. The nutritional habits in Norway have probably changed 
dramatically at the coast from being dependent on fat fish (herring etc.) and 
simple vegetables to “inland” habits (meat and “junk-food”?). The high inci-
dence of MS at the Orkney islands seems to contradict [9] and has been evalu-
ated as a genetic disposition: a result of the establishment of American troups 
during the last world war. At these islands mutton and whale has for long been 
important parts of the nutrition habits, and since last war probably also Ameri-
can canned food. This aspect does not seem to have been evaluated.  

Our enteroendocrine system is highly sensitive to nutritional factors [44], as 
well as for mental stress, and may even be the basis for ultimate releasing factors 
for mast cells in the brain. The disposition being invasion of mast cells as a con-
sequence of childhood infection, e.g. measles, since disposition for MS is estab-
lished before the teens. 

Whether or not mast cells play an important role in the symptoms of multiple 
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sclerosis could be tested by blocking mast cells’ actions in the human brain, 
and/or by limiting the effects of released histamine. Today’s drugs with such ac-
tions on mast cells carry too much side effects to be ethic to use. A challenge for 
the pharmaceutical industry would be to invent mast cell blocker and antihista-
mines with as little side effects as possible. 
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