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Abstract-Mast cells are known for their participation in immediate and, more recently, delayed 
hypersensitivity reactions. They have been found in the meninges and certain brain areas where they 
are strictly perivascular, in close apposition to neurons, and they are activated by direct nerve stimulation 
or by neuropeptides. Intracranial mast cells contain many vasoactive substances which can increase the 
permeability of the blood-brain barrier, proteolytic enzymes which can degrade myelin in vitro, as well 
as chemotatic molecules which can attract inflammatory molecules in uivo. Connective tissue mast cells, 
with which intracranial mast cells share many characteristics, contain cytokines which can cause 
inflammation directly. Multiple sclerosis is a human demyelinating disease of unknown etiology, with 
a high prevalence in women which results in penetration of blood-borne immune cells within the brain 
parenchyma and subsequent destruction of myelin. Here, we report that l7)-estradiol and myelin basic 
protein, a major suspected immunogen in multiple sclerosis, had a synergistic action on inducing mast 
cell secretion. This effect was more pronounced in Lewis rats, which arc susceptible to the development 
of experimental allergic encephalomyelitis, an animal model for multiple sclerosis, than in Sprague- 
Dawley rats, which are fairly resistant. Moreover, 18 h incubation of purified peritoneal mast cells with 
homogeneic slices of brain white matter in the presence of l’lfi-estradiol and myelin basic protein resulted 
in myelin changes resembling early stages of brain demyehnation, which were also more evident in Lewis 
rats than in Sprague-Dawley rats. 

These results support the notion that mast cells could participate in the pathophysiology of 
demyelinating diseases. 

Mast cells are necessary for the development of 
immediate, and possibly delayed, hypersensitivity 
reactions.j3 They derive from the bone marrow and 
enter the tissues as immature cells which differentiate 
under microenviromnental factors such as interleukin 
3 released from local T-cells.18 Their activation is 
known to be triggered by immunoglobulin E, which 
binds to specific surface receptors” and combines 
with antigen leading to the release of numerous 
powerful mediators. 45,4’ Mast cell vasoactive amines 
could modulate the integrity of the blood-brain 
barrier, while proteolytic enzymes” have been shown 
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to directly degrade myelin in virro.‘.‘*.ZS There is also 
strong evidence suggesting a functional interaction 
between mast cells and the nervous system, since 
peripheral mast cells secrete in response to some 
neuropeptides,9J’,24,s6 are often in close apposition 
to neurons,4~‘3,36 and are regulated by nerve growth 
factor.4 Moreover, mast cells secrete in response to 
myelin basic protein (MBP) and induce peripheral*’ 
and centra13Tj3 demyelination. Mast cells, probably 
originating from the neural crest,” have also been 
identified intracranially,23 where they show a strict 
perivascular location3’ and where they secrete vaso- 
active amines in response to substance P,” compound 
48/80 (C48/80) or carbachol.‘6a32 

Certain autoimmune disorders such as multiple 
sclerosis (MS),66 irritable bowel disease and inter- 
stitial cystitis” show a high prevalence in women, 
suggesting that a hormonal component could be 
implicated in the pathophysiology. It was, therefore, 
of interest to examine the effect of 17j-estradiol and 
MBP on mast cell secretion and brain myelin changes 
in two strains of rats which exhibit different sensi- 
tivities to the development of experimental allergic 
encephalomyelitis (EAE), an established animal 
model for MS. 
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EXPERIMENTAL PROCEDURES 

Masf cell purification and activation 

Mast cells were collected from the peritoneal cavities of 
32553508 male Sprague-Dawley or Lewis rats (Taconic, 
Inc., Germantown, NY) in HEPES-buffered Locke’s sol- 
ution (pH 7.2) containing 2 mM Cal +s4 and were purified 
over metrizamide.” Purity was better than 95% as judged 
by Toluidine Blue staining (0.25% at pH 2.5). They were 
loaded with [3H]serotonin (1 S-30 Ci/mmol, New England 
Nuclear, Boston, MA) for 1 h at 37”C, washed twice 
and then incubated at 37-C (IO’ cells/tube) with different 
concentrations of MBP (Sigma, St. Louis, MO) for 10 min 
either alone or following 90 min or 18 h preincubation with 
different concentrations of 178-estradiol (Sigma); 17a-estra- 
diol (Sigma) was used only at 5 x 10m5 M. Stock concen- 
trations of estradiol (lo-*M) were prepared in 95% 
ethanol; the final ethanol dilution had no effect on mast 
cell secretion. [3H]Serotonin was assayed in a scintillation 
counter, while the endogenous histamine was measured 
fluorometrically.2R 

Brain dissection and slice incubation 

Brain slices were obtained from male 32553.50 g Sprague- 
Dawley or Lewis rats (Taconic, Germantown, NY) which 
were killed by CO, vapor and decapitation. The skull was 
opened, the brain was rapidly excised at 4°C and brain 
transverse slices, approximately 1 mm thick, were then cut 
using a brain slicer and were introduced into a solution 
containing Eagle’s minimal essential medium supplemented 
with 10% calf serum (Grand Island Biological, LI), 300 
units penicillin and 250 mg streptomycin per 100 ml. Con- 
trol slices were incubated with estradiol alone, MBP alone 
or estradiol and MBP for 18 h in a CO, incubator. Other 
slices were also treated with either 5 x IO-’ M 17P-estra- 
diol, 2 x 10-s M MBP or both, but in the presence of mast 
cells (2 x IO’ per 3 ml). They were then fixed overnight at 
4°C with medium composed of 2% paraformaldehyde, 
2.5% glutaraldehyde, with 0.5% tannic acid, in Sorenson’s 
phosphate buffer adjusted to pH 7.4. Samples from later 
experiments were fixed in 3% glutaraldehyde with 0.5% 
tannic acid in 0.1 M cacodylate buffer. Then, the white 
matter was carefully dissected and samples taken for elec- 
tron microscopy were postfixed in 1% osmium tetroxide 
(0~0,) at room temperature for 2 h, dehydrated in graded 
alcohols and embedded in Epon. Sections were then cut in 
an LKB or Servall ultramicrotomes, counterstained with 
many1 acetate and lead nitrate and studied using a Jeol-1005 
or a Phillips 300 transmission electron microscope. Brain 
slices from three incubation experiments were processed for 
electron microscopy. Forty blocks were used and brain 
sections were photographed and examined by image analy- 
sis to determine the myelin thickness in relation to the axon 
diameter. Any axons showing myelin lamellae changes, such 
as breaks, swelling and/or myelin thinning, were scored as 
“affected”. 

Image analysis 

The effects of the conditions described above were 
studied by electron microscopic computerized image 
analysis. 

Imaging studies were carried out at the Image Analysis 
Laboratory at Tufts-New England Medical Center. Electron 
microscope negatives, along with a distance calibration 
standard, were digitized from a Gordon variable intensity 
table using the imaging program IMEXEC running on a 
Digital System 780 computer. Digitized images stored on 
disk were recalled into the IMEXEC program for a 256 grey 
scale - 1 slope transformation which converted the negative 
image into a positive image. The transformed image was 
used in the analyses. The perimeters of axon membranes 
were measured. Thereafter, the pixel threshold value, which 
included only densities in the myelin sheath range, was 

recorded and the IMEXEC program was exited. images 
were then read into the DISPEX program for the measure- 
ment of areas with selected threshold values, i.e. myelin 
areas. These values were also stored on disk files. Editing 
became necessary to remove densities from profiles which 
were not myelin related. 

The axons studied within each group were numbered 
for positive identification. The perimeter of each axon was 
measured in pixels and converted to a micrometer length 
value by dividing a correction factor dependent upon mag- 
nification (28.004 pixels/pm in this study). The myelin area 
for each axon was determined by thresholding and editing 
of non-myelin densities. This measure yielded area in pixels. 
The total pixel areas for each axon were then divided by a 
correction factor (784.22 pixels/pm2) which converted pixel 
areas to micrometers. Finally, the myelin area in pm* was 
divided by the axon perimeter to yield an answer of square 
micrometers of myelin area per micrometer length of axon 
perimeter. This conversion is important in that it provides 
a meaningful number by which to compare the axon sheaths 
from axons of differing caliber, i.e. differing perimeter. 
A two-tailed t-test was applied to this data for determi- 
nation of significant differences in area axon sheath per unit 
perimeter between treatment groups. 

Cell viability during isolated mast cell, as well as 
brain slice, experiments was evaluated by measuring lactic 
dehydrogenase (LDH) release spectrophotometrically,’ 
using an assay kit obtained from Sigma (St. Louis, MO). 

,411 data were evaluated with a two-tailed l-test and any 
level of significance where the probability was less than 
0.001 were simply listed as P i 0.001. 

Fig. 1. Effect of 17/I-estradiol on MBP-induced mast cell 
serotonin release from Sprague+Dawley rats. Preincubation 
for 90 min at 37°C with (filled diamonds) or without (open 
squares) l7b-estradiol (5 x 1O-5 M). Cells were stimulated 
with MBP for 10min at 37°C. Mean and standard devi- 
ations were derived from four experiments (n = 4), which 
were performed in duplicate except at the concentration of 
10e5 M MBP, where values from a total of nine (n = 9) 
experiments were used. Probability values are as shown: 
(*) P (0.001; (*‘) P <O.Ol; (***) P < 0.001; (****) 

P < 0.02. 
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RESULTS 

Incubation for 10min of purified peritoneal 
mast cells from Sprague-Dawley rats with MBP 
at 37°C caused a dose-dependent net release of 
serotonin which ranged from 3.9 + 0.1% with 
5pM to 31.5 *2.9% with 1OOpM (Fig. 1). Pre- 
incubation with 17/I-estradiol (5 x 10e5M) for 
90min at 37°C did not have any effect by itself 
(not shown), but augmented release of serotonin 
by MBP throughout its dose response (Fig. 1). With 
20 PM MBP (n = 4) the release after preincu- 

bation with 17fl-estradiol increased from 19.9 + 
2.0% to 37.6 + 1.6% (P < 0.01). Preincubation with 
5 x 10e5 M 17p-estradiol followed by a lower dose 
(10 p M) of MBP (n = 9) increased serotonin release 
from 10.6 + 5.9% to 23.12 k 3.6% (P <O.OOl). 
On the contrary, preincubation for 90min with 
5 x 10 -’ M 17cr-estradiol followed by 10 PM 
MBP (n = 9) only increased serotonin release to 
11.5 f 4.0%, which was not significantly significant 
(P < 0.7). 

Preincubation with 17/I-estradiol (n = 9) followed 
by 10 PM MBP increased histamine release from 

863 

Fig 2. High power light micrographs of mast cells from Sprague-Dawley or Lewis rats treated v Iith 
17p-estradiol and MBP. Mast cells were purified and used (10’ cells/tube) as described in Experimental 
Procedures. Mast cells were pretreated with 5 x lo-’ M I7/3-estradiol for 90 min before treatment with 
2 x 10 -‘M MBP for an additional 10 min (n = 4). Mast cells were stained with Giemsa. Over 20 different 
fields were examined from each condition and one respective representative field is shown below. Upper 
panel: mast cells from Sprague-Dawley rats. Note that only a few granules from a small portion of mast 
cells have released their content. Magnification: x 1000. Lower panel: mast cells from Lewis rats. Note 
that most of the granules have released their content in practically every mast cell shown. Magnification: 

X 1000. 
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12 + 5.9% to 17.6*4.8% (P <0.04), while 17a- 
estradiol (n = 9) did not increase histamine secretion 
at all (12.0*5.9% vs 11.1 +3.5%). 

Preincubation for 18 h was evaluated for sero- 
tonin secretion only (n = 18). Basal secretion was 
16.4 + 4.9%, while secretion with MBP alone was 
23.3 &- 7.6% (P < 0.002). Augmentation to 52.1 f 
19.7% by 17/?-estradiol was highly significant 
(P < 0.001). Augmentation by 17a-estradiol was 
smaller (37.9 k 8.8%), but was still significant 
(P < 0.001). Nevertheless, the difference between 
the amount of serotonin secreted in the presence of 
17/?-estradiol was significantly higher over that seen 
with 17a-estradiol (P < 0.008) (Table 1). 

Interestingly, the amount of serotonin released 
with 2 x lo-’ M MBP alone was 35.4 + 1.8% for 
Lewis vs 19.9 + 2.0% for Sprague-Dawley .rats, 
while after 90 min preincubation with 5 x 10e5 M 
of l7b-estradiol followed by 2 x IO- 5 M MBP was 
45.3 f 0.8% for Lewis vs 37.6 _t 1.8% for Sprague- 
Dawley (P < 0.01) rats (Table 2). Mast cell secretion 
was higher in Lewis than in Sprague-Dawley rats, 
which is consistent with the susceptibility to the 
induction of EAE. There was no significant difference 
in the minor amount of LDH release between control 
and stimulated mast cells from either rat species 
(results not shown). 

Light micrographs of purified mast cells from 
Sprague-Dawley and Lewis rats clearly showed 
(Fig. 2) that treatment with 5 x 10m5 M 17/3-estradiol 
followed by stimulation with 2 x 10-j MBP resulted 
in a greater degree of degranulation in the latter 
(lower panel) than the former (upper panel). Mast 
cells treated as in Fig. 2 were also studied with 
transmission electron microscopy. Representative 
cells from each condition are shown in Fig. 3 and the 
total number of cells examined is shown in paren- 
theses. These observations showed that control mast 
cells (n = 20) from either Sprague-Dawley or Lewis 
rats (Fig. 3A,E), as well as mast cells incubated in 
the presence of 5 x 1O-5 M 17fi-estradiol (n = 20), 

Table 1. Effect of 18 h incubation with 17P-estradiol on 
myelin basic protein-induced mast cell secretion 

Conditions Serotonin release (% total) 

Control 16.4 + 4.9 
MBP (IO-jM) 23.3 k ?.6* 
17a-Estradiol f MBP 37.9 I8.8t 
l7p-Estradiol + MBP 52.1 + 19.7tj 

Mast cells from Sprague-Dawley rats were preincubated 
with 5 x 10e5M of 17a- or 17jestradiol for 18h at 
37°C and were then stimulated with 10eSM MBP 
for an additional 10min. The results represent the 
mean k S.D. (n = 18). *P -c 0.001 compared to control; 
tP < 0.001 compared to MBP; $P < 0.008 compared to 
17~ -estradiol and MBP. 

appeared normal with numerous filopodia and many 
homogeneous, electron-dense granules (Fig. 3B,F). 
In contrast, cells stimulated with 2 x lo- ’ M MBP 
(n = 50) showed some loss of filopodia and many 
swollen granules which had lost their ejectron density 
(Fig. 3C,G). When mast cells were,pretreated with 
5 x 10e5M 178-estradiol before stimulation with 
2 x 1O-5 M MBP, degranulation was clearly en- 
hanced (Fig. 3D,H). Degranulation was definitively 
more marked in Lewis rats than that observed in 
Sprague-Dawley rats, both when the cells were incu- 
bated with MBP alone (compare Fig. 3C and G) 
or with 17j-estradiol and MBP together (compare 
Fig. 3D and H). 

Table 2. Effecect of 17/?-estradiol and myelin basic protein on 
mast cell secretion from different rat species 

Serotonin release (% total) 

Conditions Sprague-Dawley Lewis 

Control 2.4 + 0.8 2.8 & 0.4 
MBP (2 x 1O-5 M) 19.9 + 2.0 35.4 f 1.8t 
17p-Estradiol + MBP 37.6 f 1.8: 45.3 * 0.8*t 

Mast ceils were preincubated with 5 x 10ms M 17B-estradiol 
for 90 min at 37°C and were then stimulated with 
2 x 10m5 M MBP for an additional 10 min. The results 
represent the mean + S.D. (n = 4). *P < 0.01 compared 
to MBP; tP < 0.01 compared to Sprague-Dawley. 

Fig. 3. Transmission electron micrographs of mast cells from Sprague-Dawley or Lewis rats treated with 
17/?-estradiol and/or MBP. Mast cells were obtained and basically treated in four experiments (n = 4) 
as described in Fig. 2 and as further specified below. The individual cells shown are representative of 
the respective populations of mast cells with similar appearance, studied and noted in parentheses 
below. High magnification of single cells was chosen in order to show the extent of degranulation and 
because the mean and S. D. of secretion is reflected in Table 2. (A) Sprague-Dawley, peritoneal control 
mast cell with numerous electron-dense granules (n = 20 cells studied). (B) Sprague-Dawley mast cell 
treated with 5 x IO-‘M 17B-estradiol with unaltered electron-dense granules (n =20 cells studied). 
(C) Sprague-Dawley mast cell treated with 2 x 10m5M MBP. Note that the core of some granules is 
slightly altered, but most of the granules are still intact (n = 50 cells studied). (D) Sprague-Dawley mast 
cells pretreated with 5 x 10m5M l7fi-estradiol for 90min before treatment with 2 x lo-‘M MBP. 
Note that degranulation IS more pronounced (n = 75 cells studied). (E) Lewis peritoneal control mast 
cell containing many electron-dense granules (n = 20 cells studied). (F) Lewis mast cell treated with 
5 x 10-j M l’lfl-estradiol. As with the Sprague-Dawley rata (Fig. 4B), no ultrastructural changes were 
observed (n = 20 cells studied). (G) Lewis mast cell treated with 2 x 10m5 M MBP. Note that degranu- 
lation is much more pronounced than that observed with Sprague-Dawley rats under the same conditions 
used in Fig. 4C (n = 50 cells studied). (H) Lewis mast cell pretreated with 5 x 10-j M 17,?-estradiol for 
90 min before treatment with 2 x 10 _ 5 M MBP. Note again. that degranulation is much more pronounced 
idcomparison to the Sprague-Dawley mast cells under the-same conditions used in Fig. 4D (n = 75 cells 

studied). Scale bars = 1 pm. 
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Fig. 3. 
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Brain slices (three slices of 1 mm thickness in each (Fig. 4, upper panel). In contrast. the myelin sheaths 
dish) from Sprague-Dawley or Lewis rats were also surrounding axons of the tissues incubated with 
incubated for 18 h at 37°C with or without purified 17/?-estradiol and MBP in the presence of mast cells 
homogenic peritoneal mast cells (2 x 10’ per 3 ml). were of irregular thickness and density; myelin 
Control samples incubated with 5 x 10 _ ’ M estradiol lamellae were separated with clear spaces between 
and 2 x lo-‘M MBP without mast cells contained them and there were frequent sites where the myelin 
myelinated axons where the myelin thickness was sheath bulged out into “smudged” irregular shapes 
uniform around any given axon; myelin lamellae were with sharply reduced electron density (Fig. 4, lower 
easily resolved and myelin density was homogeneous panel). Some axons, as well as some mitochondria, 

Fig. 4. Transmission electron micrographs of cortical brain slices from Lewis rats incubated for 18 h with 
purified homogeneic rat peritoneal mast cells. Upper panel: brain parenchyrna of a brain cortical 
cross-section incubated with unstimulated mast cells in the presence of 17B-estradiol as described in 
Experimental Procedures, showing myelinated axons. Note that the myelin sheaths remain well stacked 
with homogeneous density (solid arrowhead); the axons show some swelling; one mitochondrion present 
is also swollen, but Intact. Magnification: x 13,750. Lower panel: brain parenchyma of a bram cortical 
cross-section incubated with mast cells in the presence of 178-estradiol and MBP as described in 
Experimental Procedures, showing myelinated nerve fibers. Note areas where myelin lamellae have lost 
their periodicity and are separated with clear spaces between them (white bounded solid arrowhead) or 
have swollen up and formed “smudged” knot-like expansions with myelin dissolution-like changes 

(asterisk): one mitochondrion present is swollen, but intact. Magnification: x 16,500. 
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were swollen in both the control and stimulated were still abnormal when examined at very high 
samples, but most of them were intact (Fig. 4). magnification, These axons contained areas with 

Brain slices incubated in the presence of mast cells normal periodic dense lines containing a single intra- 
trigger1 :d with 17P-estradiol and MBP contained periodic line which actually consists of two 
“intact -looking” axons, but with myelin sheaths that branes fused together (bilaminar) (Fig. 5, 4-w 

Fig. 5. Transmission electron micrograph of myelin sheaths from brain cortical slices from Lewis rats 
treated as in Fig. 4. Upper panel: a myelin sheath from control tissue as shown in Fig. 4, upper panel. 
Arrows indicate the periodic major dense fines containing bilaminar intraperiod dense lines. This figure 
is typical of normal myelin. Magnification: x 211,000. Lower panel: a myelin sheath from tissue treated 
with mast cells incubated with MBP and l’lfi-estradiol as shown in Fig. 4, lower panel. Arrows indicate 
major dense lines between which lies the bilamellar intraperiod dense line (center) plus two adjacent dense 
lines. Quadrilaminar intraperiod structure is typical for myelin swelling, which is indicative of early stages 

of demyelination. Magnification: x 211,000. 
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panel). However, there were also abnormal areas with 
three intraperiodic lines (Fig. 5. lower panel). Since 
the ‘middle line was still bilaminar, the overall 
appearance was quadrilaminal. 

Thcsc myclin changes were evaluated objectively 
by comparing the density of myelin sheath on high 
magnification transmission electron micrographs of 
samples from both Sprague-Dawley and Lewis rats 
incubated with 17/?-estradiol and MBP as described 
above. In each instance, the micrometer square area 
of myelin per micrometer of axon perimeter was 
greater in tissues treated with 17/l-estradiol and MBP 
with mast cells as compared to 17P-estradiol MBP 
without mast cells (Table 3). It is also important to 
note that these changes were statistically significant 
only in the case of Lewis and not Sprague-Dawley 
rats (Table 3). 

DISCUSSION 

The present data not only confirm previous 
studies showing that MBP can trigger mast cell 
secretion,3~25~3’~53 but also provide additional direct 
in vitro evidence of mast cell participation in myelin 
changes resembling brain demyelination.3,53 More- 
over, our present work shows that 17/l-estradiol 
augments mast cell secretion induced by MBP. This 
effect is clearly not due to cell toxicity because 
17/l-estradiol, or the final ethanol concentration 
in which it was dissolved, had no effect on their 
own. Moreover, there was no significant LDH 
release and the electron micrographs of treated 
mast cells showed no evidence of damage. Mast 
cells may, therefore, not only permit leukocyte entry 
into parenchyma by increasing blood-brain barrier 
permeability, but may also participate directly in 
demyelination. 

The number of mast cells in whole rat brain varies 
from about 1500 to 19,000, most of which are found 
in the thalamus.** If we were to assume that an 
average of 10,000 mast cells are evenly distributed 
throughout the rat brain, then there would be - 1000 
mast cells per each of the 10 slices into which each 
brain was cut, or 3000 mast cells per three slices 
placed in each dish. In this study, the number of mast 
cells added to brain slices was 2 x 105/3 ml containing 
three brain slices; it was, therefore, much greater than 

the endogenous mast cells expected to be present in 
brain slices used. In addition, the reactivity of the 
endogenous mast cells to MBP and estradiol may bc 
different to that of the exogenous peritoneal mast 
cells added. The axonal swelling and degeneration 
which was also observed in control slices could. 
therefore, be due to the large number of secreting 
mast cells and the length of incubation. However. 
the brain tissue was still grossly intact, as evidenced 
by the fact that the mitochondria present were only 
somewhat swollen. Estradiol and MBP without 
added mast cells did not have a significant effect on 
myelin integrity, probably because MBP is too basic 
to easily penetrate the brain slices. For instance, in 
studies using C48/80 to stimulate brain mast cell 
secretion, the concentration of C4SjSO required was 
100 times higher than that required for peritoneal 
mast cells.32 Endogenous mast cells may not have 
been exposed to estradiol and MBP long enough 
for complete demyelination to occur, since EAE 
usually requires 14-21 days to develop. However, 
mast cells with extensive morphological changes m 
their granules indicating secretion (“activated mast 
cells”) were found in brain of rats3*j3 and monkeys 
with EAE.j5 

Quadrilaminar myelin sheaths were a common 
finding in our samples treated with 17/l-estradiol 
and MBP, but not in control samples. Such quadri- 
laminar myelin structure is not non-specific but 
has been regarded exclusively as an early stage of 
demyelination both in EAE and MS. For instance, 
the appearance of a quadrilaminar myelin sheath 
pattern has been reported in EAE4’ where the nor- 
mally intraperiod line was increased to four electron- 
dense leaflets; this pattern was also accompanied by 
abrupt breaks and angulated regions of the myelin 
sheath.’ The appearance of a quadrilaminar myelin 
sheath in our study was often followed by swelling 
(hydration) of the myelin and finally fragmentation 
of the outer lamellae with further expansion, loss 
of periodicity and electron density leading to 
“smudged” knot-like protrusions. Smudged myelin 
sheaths were observed in EAE plaques8 before the 
outer lamellae separate and their thickness decreases 
considerably to that of only a few lamellae.4’ Our 
experiments would be expected to contain many such 
areas because of the impact of numerous stimulated 

Table 3. Effect of 17P-estradiol and myelin basic protein on myelin changes resembling demyelination 

Extent of myelin changest 

Conditions* Sprague-Dawley Lewis 

17/I-Estradiol + MBP (control) 0.14+0.71 (n =21) 0.28*0.11 (n =66) 
17/?-Estradiol + MBP + mast cells 0.16 + 0.77 (n = 54)$ 0.67 + 0.37 (n = 42)s 

*Mast cells (2 x 10-j ml) were co-incubated with homogeneic brain slices either in the absence 
(control) or presence of mast cells with 5 x tom5 M 17P-&radio1 to 5 x lo-‘M MBP for 18 h 
at 37°C. 

TMyelin sheath area per unit perimeter of axon limiting membrane (pm’/pm); n = samples analysed. 
fNot statistically significant compared to the respective control. 
§P i 0.05 compared to the respective control. 



Mast cell secretion and brain myelin changes 869 

mast cells. Our quantitation method records myelin- 
related density over a certain threshold and does not 
include areas devoid of myelin. It does, therefore, 
exclude clear areas seen in non-specific swelling. 

The increased secretion from mast cells@’ and 
higher degree of myelin changes from Lewis, as 
compared to Sprague-Dawley, rats is intriguing in 
view of the fact that the former are more susceptible 
to the induction of EAE.“8 Such experiments will 
have to be repeated using Brown-Norway rats, which 
are resistant to EAE.‘* Even though the number of 
brain mast cells varies among these species:6 such 
variations could not be= a factor in the present studies 
since the number of homogeneic mast cells added was 
kept constant. Increased susceptibility of brain mast 
cells and/or neurons to the actions of 17P-estradiol 
and MBP is a more plausible explanation. For 
instance, we recently showed that trigeminal nerve 
stimulation can directly cause mast cell secretionI 
and subsequent increased vascular permeability,” 
thus suggesting that susceptibility to nerve stimu- 
lation may be an important factor. Finally, there may 
be differences in brain tissue susceptibility to proteo- 
lytic enzymes released from mast cells. It is, there- 
fore, important that the proteolytic enzyme tryptase, 
which is a specific marker for human mast cells, was 
found to be elevated only in cerebrospinal fluid of MS 
patients.43 

Most of the studies investigating the cellular 
infiltrate in areas of demyelination have focused 
on involvement of T-lymphocytes and mono- 
cytes,M,2m” and their role in EAE@ or experimental 
allergic neuritis. In fact, mast cells are present within 
the brain parenchyma,23,30 and have been localized in 
MS plaques by light microscopy.2Y~37~6’ Also, prelimi- 
nary electron microscopic studies using brains from 
monkeys with EAE show secreting mast cells in areas 
of demyelination.s5 

Mast cells also secrete during experimental allergic 
neuritis,6 the development of which is delayed when 
mast cells have been depleted of their biogenic 
amines.’ Finally, mounting evidence indicates that 
a delayed T-cell response may depend on early release 
of mast cell mediator&@ and that T-cell products can 
cause mast cell secretion. 27 Exposure of MBP from 
demyelinated axons may in turn trigger mast cells 
leading to a cyclic reaction. 

A number of studies suggest that MS may be 
caused by the immune response to some latent viral 
infection.42”s6’ It is therefore, of particular interest 
that mast cells arc involved in virus-induced inflam- 
mation of the CNS,3r and that mast cell secretion is 
triggered by certain viruses,38,50 while virus-induced 
encephalitis does not develop in mast cell-deficient 
mice.” 

The augmentation of mast cell secretion induced by 
MBP was seen with both 17a- and 17/?-estradiol. 
However, the extent of this effect seen with 17fi- 
estradiol was significantly greater (P < 0.008) than 
that with 17cl-estradiol. The 17/?-estradiol concen- 

trations used were over lOOO-fold higher than the 
peak 17j-estradiol levels observed in humans prior 
to ovulation or during treatment for osteoporosis. 
The augmentation of mast cell secretion and hyelin 
changes, therefore, occur at pharmacological 17fl- 
estradiol concentrations. However, such high hor- 
mone concentrations were necessary in our studies 
possibly because: (a) human rather than rat mast 
cells may be more sensitive to the hormone action; 
(b) brain mast cells may be more sensitive to the 
action of hormones than peritoneal mast cells; 
(c) estrogen receptor may be damaged during the 
peritoneal mast cell purification procedure; or (d) 
concurrent presence of other sex hormones may 
reduce the amount of each required to stimulate mast 
cells; for instance, progesterone was recently shown 
to cause selective mast cell secretion.65 Finally, the 
effect of estradiol may not be through estrogen 
receptors, but through estrogen-binding proteins, 
possibly linked to protein kinase C, which have 
higher binding constants for estradioLM Future 
studies using female Lewis rats at different stages of 
their estrous cycle will help answer some of these 
questions, as female mast cells may already be 
“primed” to have a higher response to MBP because 
of prolonged exposure to 178 -estradiol. 

The tricyclic drugs amitriptyline and hydroxyzine 
have been shown to inhibit mast cell secretion54,58 and 
mast cell-induced demyelination,” while hydroxy- 
zinej9 and the mast cell inhibitor proxicromil inhibit 
EAE.” Therefore, it may not be unreasonable to 
suggest that inhibitors of brain mast cell secretion 
could be of therapeutic value in the treatment of 
demyelinating diseases, such as MS.j2 In fact, a 
double blind study using hydroxyzine is in its third 
year at the Massachusetts General Hospital. 

CONCLUSIONS 

Our results indicate that estradiol and MBP have 
a synergistic effect on mast cell secretion which is 
more pronounced in cells obtained from Lewis, as 
compared to those from Sprague-Dawley, rats. 
Moreover, incubation of peritoneal mast cells acti- 
vated by estradiol and MBP with homogeneic brain 
slices resulted in myelin changes indicative of early 
stages of demyelination. These changes were again 
more pronounced in Lewis rats, which are more 
susceptible to EAE. Brain mast cell activation may, 
therefore, be involved in the pathophysiology of 
demyelinating diseases such as MS. 
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