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Inflammatory diseases and conditions can arise due to responses to a variety of external and internal stimuli.They can occur acutely
in response to some stimuli and then become chronic leading to tissue damage and loss of function. While a number of cell types
can be involved, mast cells are often present and can be involved in the acute and chronic processes. Recent studies in porcine
and rabbit models have supported the concept of a central role for mast cells in a “nerve-mast cell-myofibroblast axis” in some
inflammatory processes leading to fibrogenic outcomes. The current review is focused on the potential of extending aspects of this
paradigm into treatments for multiple sclerosis and endometriosis, diseases not usually thought of as having common features,
but both are reported to have activation of mast cells involved in their respective disease processes. Based on the discussion, it is
proposed that targeting mast cells in these diseases, particularly the early phases, may be a fruitful avenue to control the recurring
inflammatory exacerbations of the conditions.

1. Introduction

Induction of acute inflammation can result from a wide vari-
ety of stimuli ranging from infection by microorganisms to
tissue injury. Such inflammation can be beneficial and lead
to elimination of the microorganisms, as well as healing
of injured tissues. In most circumstances, the induction of
inflammation involves cells of the innate or non-antigen-
specific immune system, and the inflammation subsides
when the insult is eliminated either passively or actively via
molecules such as resolvins (reviewed in [1]) and othermech-
anisms. The extent of the inflammation is dependent in part
on the extent of the tissue damage (endogenous cells such as
tissue macrophages, mast cells versus recruitment of cir-
culating cells such as PMN, monocytes, mast cells, and
lymphocytes) and the nature of the insult.

Certainly, mast cells are known to be involved in a variety
of normal and disease processes including acute inflamma-
tion (reviewed in [2]), allergic responses (reviewed in [3, 4]),
and chronic autoimmunity (reviewed in [5, 6]). While much
focus has been on the role of mast cells in acute reactions, it is

clear that these cells also play important roles in diverse
chronic conditions.

Acute inflammatory responses can become chronic in
some instances, possibly due to host susceptibility (e.g.,
genetics) or other factors, leading to a prolonged response
which does not resolve on its own.Thus, abnormalities at the
induction or resolution stages could lead to a chronic inflam-
matory state with associated fibrosis, pain, and loss of tissue
function depending on which tissue is affected (e.g., kidney,
brain, reproductive organs, lung, and joint tissues). In some
susceptible hosts, the chronic inflammatory state is associated
with the induction of autoimmunity (autoantibodies and self-
reactiveT-lymphocytes)which can then participate in further
target tissue damage and loss of function. In preclinical
models, it is possible to induce autoimmunity in a susceptible
host (usually mice and rats) which can then mimic aspects of
the disease, but such studies may not be relevant to the initial
disease process or even the exacerbations of tissue damage
(discussed in more detail below). Even in “natural” forms of
some conditions (e.g., the NZB/W model of SLE), one can
protect target organ integrity without overtly blocking the
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autoantibody profile ([7–9]; reviewed in [10]) and, therefore,
separate potential inflammatory stimuli (e.g., autoantibodies)
from actual target tissue damage (e.g., the kidney).Therefore,
inducing immune-specific autoimmunity may not accurately
reflect the mechanisms of initial disease induction and its
progression inmodels of chronic inflammatory diseases such
as murine RA, MS, and other conditions.

Recent studies have focused on abnormal inflammatory
responses associated with skin wound healing in a pig model
[11–13] and inflammatory responses associated with joint
injuries leading to joint contractures in both humans [14, 15]
and rabbits [16, 17]. In both the pig and rabbit models, a
response to tissue injury leads to a hypertrophic-like healing
response in the red Duroc pig model [11–13] and joint
contractures in the rabbit model [16, 17]. In the pig model,
a unique “biphasic” inflammatory process was detected after
skin injury, while in the rabbit model it appeared that the
initial injuries to the joint capsule and bone led to a chronic
inflammatory phenotype accompanied by a fibrotic thick-
ening of the capsule. Interestingly, the profile of postinjury
changes in the rabbit was very similar to those detected in
tissue from humans with elbow contractures [14, 15]. Of note
was the consistent pattern of increased nerve elements, mast
cells, and myofibroblasts in the abnormal phenotype of heal-
ing (reviewed in [18, 19]). These abnormal healing patterns
have led to the concept of “a nerve-mast cell-myofibroblast
axis” in such conditions (reviewed in [18, 19]), with neuroin-
flammation a potential key element of dysregulated responses
to injury (reviewed in [18–20]). It is clear that nerves are
important in normal healing (reviewed in [21, 22]), and that
abnormal neural activation could result in fibrotic outcomes.

In view of the above abnormal patterns of responses to
tissue injury, the use of the mast cell stabilizer ketotifen to
interfere with healing after injury in both the pig skin injury
model [13] and the rabbit model of joint contractures [16, 17]
was studied. In these models, ketotifen treatment was able
to convert the abnormal healing in the pig model to a more
normal phenotype and in the rabbit joint contracture model
an inhibition of joint contraction formation. In the porcine
model, ketotifen treatment had to be initiated immediately
after injury as delayed initiation of treatment did not impact
the abnormal phenotype [13]. Interestingly, ketotifen treat-
ment of animals in both models led to declines in the num-
bers of nerves, mast cells, and myofibroblasts in the injured
tissues, potentially indicating that the postulated “nerve-mast
cell-myofibroblast axis” is not unidirectional and it is interac-
tive in nature.

Ketotifen has been used in the treatment of asthma for
>20 years and its safety and efficacy arewell known (discussed
in [16, 17]). Thus, a pilot clinical trial of ketotifen use in
preventing joint contractures in patients with elbow injuries
has been initiated, as well as assessment of serum biomarkers
associated with risk of contractures initiated (in progress).

The above findings raised the possibility that ketotifen (or
other mast cell stabilizers) may have efficacy in other diseases
with a known neuroinflammatory component and mast cell
involvement. Ketotifen has been used in scleroderma, but
the results were not positive in spite of some initial results
(discussed in [23]). However, it may have been used too late

in the skin disease processes, but it may have efficacy in those
patients that are at risk of developing pulmonary complica-
tions of scleroderma (discussed in [23]).

Two other such conditions where ketotifen may have
efficacy, based onwhat is known aboutmast cell involvement,
are multiple sclerosis and endometriosis. In both conditions,
mast cells have been implicated as being present and/or acti-
vated during active disease.

2. Multiple Sclerosis

2.1. Etiology of Multiple Sclerosis (MS). The etiology of MS
is currently unknown, but a viral etiology has been debated
and assessed for decades (reviewed in [24, 25]).This has been
based in part by the known increased incidence in temperate
zones of the northern hemisphere. Interestingly, some evi-
dence for increased incidence based on time of the year when
a person is born has been reported [26], possibly implicating
vitamin D levels as well (discussed in [27–30]). Furthermore,
females have a higher incidence of the disease than males
(reviewed in [31]), and the occurrence of relapses is dimin-
ished during pregnancy (reviewed in [31]). Interestingly, this
finding is not unlike what is also known to occur in rheuma-
toid arthritis patients where ∼70% of pregnant females with
RA experience a remission of the disease during pregnancy.
Also similar to RA patients, many female MS patients expe-
rience a reactivation of the disease during the postpartum
period [31]. As inflammatory processes are dampened during
pregnancy, this pattern implicates some common mecha-
nisms being involved.

Several of the viruses that have been implicated are many
that are known, and the disease then associated with being
a susceptible individual for autoimmunity. Others, such as
retroviruses activated by unknown stimuli (possibly environ-
mental), have recently been postulated to be involved in dis-
ease initiation (discussed in [32, 33]). Once disease has been
initiated, it is not clear whether the continued presence of a
virus is critical.

MS, like other autoimmune diseases such as rheuma-
toid arthritis, can be varied in disease progression, with a
remitting-relapsing progressive phenotype being the most
common. The different subtypes of MS may involve different
immune and other elements and have different biomarker
signatures (discussed in [34]). Patients with MS are also at
risk of loss of mobility and falls; the latter are also a risk factor
for fractures which could further reduce mobility and long
term independent living [35, 36].

2.2. Treatment of MS. A number of treatment options have
been explored for patients with MS. These include inter-
ferons, specific monoclonal antibodies, and other immune-
modulating drugs which focus on the autoimmune aspects
of the condition primarily. Recently, the potential vascular
aspects of the condition were addressed following much
publicity [37, 38], but again the clinical trials did not yield
outcomes in support of the concept.

Additional studies have advanced the concept that matrix
metalloproteinases (MMPs) should be targeted in MS [39–
42], but such proteinases serve a variety of normal functions
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throughout the body, and the use of specific MMP inhibitors
in other conditions such as osteoarthritis has been discontin-
ued after considerable investment by industry. Thus, MMP
inhibition may not be a fruitful direction to follow in MS for
long term control of the disease, but such approaches could
provide some insights into the downstream influences related
to tissue damage mechanisms.

The potential use of stem cells to modulate degenerative
processes and repair damaged tissues inMS and other neuro-
logical diseases has not yet met withmuch success.The initial
discoveries of stem cells in the brain weremet withmuch fan-
fare and promise, but again aftermuch investment by govern-
ment agencies and industry, >20 years later that promise has
not yet been fulfilled in spite of considerable effort (reviewed
in [43–46]). One reason for this may be that such stem cells
cannot function well to repair damaged tissues in MS in the
face of a chronic inflammatory disease [47].Therefore, it may
be important to control the disease activity effectively and
then use stem cells from any number of tissue sources to
facilitate repair (e.g., similar to what is needed in rheumatoid
arthritis [48] or osteoarthritis [49, 50]). As stem cells from a
number of tissue sources or induced pluripotent stem cells
can differentiate into neural-like cells, it remains unclear
whether brain-derived stem cells offer any unique capacities
in this regard. Interestingly, some recent reports indicate that
human embryonic neural stem cells may have efficacy in
some unique murine models of MS [51].

Finally, attempts are beingmade to initiate repair of tissue
damage in MS (reviewed in [43, 52]). Such studies are still
in an early state, but without controlling the inflammatory
processes prior to initiating repair modalities, this may not
yield the results hoped for. Interestingly, a clinical trial
of the antihistamine clemastine fumarate (over-the-counter
Tavist) in relapsing-remitting MS has been initiated in an
attempt to promote remyelination, but the study is still
ongoing (ClinicalTrials.gov). One of the limitations of trying
to initiate repair of established MS lesions is the fibrotic
nature of the “scar-like” material deposited in such lesions as
a consequence of the inflammation (reviewed in [53]). In spite
of limitations in removing established fibrotic deposits, some
authors have advocated targeting the plasminogen activator
system to remove or inhibit the process [54].

Anothermitigating variable that may influence the ability
to modulate inflammation relates to the potential epigenetic
changes that could occur as the MS becomes more chronic,
similar to what has been reported in other chronic inflam-
matory diseases such as RA (discussed in [55]). Thus, early
diseasemay respond to approaches to curb inflammation that
are not as effective later in the disease course.

2.3. Mast Cells in MS. Mast cells are found in the brain in
association with a number of cells and on the brain side of
the blood-brain barrier (reviewed in [56]). Activation ofmast
cells is believed to play an important role in neuroinflamma-
tion, including diseases such as MS, as well as events such
as brain trauma and stroke (reviewed in [57]). Furthermore,
stress which is known to influence MS disease activity has
been reported to involve mast cells (reviewed in [58]). In rat

models, acute stress also leads to disruption of the blood-
brain barrier via activation of mast cells [59]. Interestingly, in
the report by Esposito et al. [59], the response to stress could
be mitigated by administration of the mast cell stabilizer,
disodium cromoglycate.

Elevated levels of mast cell products have been detected
in fluids from MS patients. These include mast cell tryptase
in CSF from MS patients [60] and histamine levels in CSF
from MS patients [61, 62]. In spite of such evidence, the role
ofmast cells inMS is still somewhat controversial [63], in part
because some mouse models of MS, such as induced EAE,
have indicated that while mast cells can accumulate in EAE,
they are “dispensable” [64]. Of course the limitation here is
that it is an induced model of “MS” and in mice, which may
not reflect the human condition very well. Being induced via
active immunizationwith neural antigens is very artificial and
likely is bypassing the natural initiating steps and events asso-
ciated with the relapsing-remitting or primary-progressive
phenotypes. Furthermore, the outcomes may be influenced
by the genetics of the mouse strain used in such studies
[65], thus adding a further complication to defining of the
role of mast cells in mouse models. In spite of the controver-
sies around their role, some authors have advocated for the
targeting of mast cells in autoimmune diseases such as MS
[66, 67].

2.4. Targeting Mast Cells in MS. From the above discussion,
it is fairly clear that there is a potential role for targeting
mast cells in MS, either alone or in combination with other
interventions, in order to control disease activity. As men-
tioned above, some preclinical models have indicated use of a
mast cell stabilizer (disodium cromoglycate) alleviated some
aspects of the EAE disease in rodents [59]. Our own work
in chronic fibrosis models [13, 16, 17] showed that a different
mast cell stabilizer, ketotifen, was effective in abrogating
abnormal mast cell activity but did not affect normal healing
in porcine and rabbit models. Ketotifen has been used
extensively in the treatment of asthma (reviewed in [18, 19]),
effective doses in both paediatric and adult populations are
known, as well as the safety profile, and the oral adminis-
tration of the drug should also enhance compliance. Inter-
estingly, the drug effectively crosses the blood-brain barrier
[68], and therefore that obstacle should not be an issue.

While no evidence for specific mast cell targeted agents
in the treatment of MS was detected in the literature, it was
noted that a recent drug that was approved for treatment
of the remitting-relapsing form of the disease, dimethyl
fumarate (discussed in [69]), was shown to induce mast cell
apoptosis in vitro [70]. Of the multiple variants of the drug,
only the dimethyl fumarate form was effective in inducing
apoptosis of human HMC-1 cells and cord blood derived-
mast cells. Therefore, the effectiveness of this drug in inhibit-
ing mast cell involvement in MS in vivo should likely be
further investigated. Of interest is the fact that the drug used
in previous studies from the author’s laboratory was ketotifen
fumarate [13, 16, 17], but whether this was relevant to effec-
tiveness is currently unknown. In addition, the antihistamine
clemastine fumarate is being used in an ongoing clinical trial
in relapsing-remitting MS (ClinicalTrials.gov).
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The real question related to targeting mast cells in MS
is when to administer the drug (early disease or later), and
whether to use such interventions to curb inflammation
should be provided as part of a cocktail to target more than
one aspect of the disease. As these are complex diseases, it
is likely that curbing inflammation via targeting mast cells
would be a component of a “cocktail” aimed at controlling
disease activity in a proactive manner. Without more com-
plete control of disease activity via a multipronged approach,
it may be somewhat optimistic to expect repair of the damage
with new interventions in MS or other autoimmune diseases
(reviewed in [48]). Finally, it is unclear why such approaches
have not already advanced to the clinical trial stage. Either
they have occurred and were not reported due to failure (the
systemmoves slowlymost of the time) or there is no commer-
cial incentive as many of these drugs are off patent protection
and are being “repurposed.”

Finally, it should be clear regarding outcome expectations
during attempts to curb inflammation by targetingmast cells.
Firstly, such treatment targeting mast cells may preferentially
impact development of newMS lesions rather than resolution
of established lesions. However, “reactivation” of established
lesionsmay be inhibited from progressing. Based on previous
work in porcine fibrogenic models, the drug has to be
administered early after injury andwas ineffective if provided
after fibrosis is established ([13]; reviewed in [23]). As the time
course for “remitting-relapsing” forms of MS is somewhat
unpredictable with regard to timing, thismaymean that trials
focused on curbing mast cell activation should be sufficiently
long to accurately allow assessment of efficacy. Secondly, one
cannot assume that the nerve-mast cell “axis” is unidirec-
tional. Thus, use of mast cell stabilizers in fibrogenic situa-
tions led to decreased numbers of both mast cells and nerve
elements [13, 18, 19, 23]. The caveat here is that the fibrogenic
situation during wound healing involves peripheral nerve
elements and not central brain neurons and related cells. It
is not known if this would influence the outcomes. Finally, it
should be clearly stated that curbing inflammation by target-
ing mast cells is downstream from the inciting events which
likely come from the neural elements themselves and may be
due to virus infections or retroviral activation or some other
mechanisms (discussed earlier). Therefore, targeting mast
cells in this disease may address some of the mechanisms
related to lesions/damage, but not the actual basis for the
primary dysfunction. However, if effective in this regard, it
may allow for better understanding of someof the root causes.
If positive results are obtained, then perhaps other neurode-
generative diseases, such as Alzheimer’s disease, may also be
targeted.

3. Endometriosis (EMS)

A second disease/condition that also appears to involve neu-
roinflammation with mast cell involvement is endometrio-
sis (EMS). EMS is clearly an estrogen-dependent chronic
inflammatory disorder (reviewed in [71–73]). Thus, females
with fluctuating estrogen levels and this condition experience
chronic effects for many years. While usually not thought of
in conjunction with MS, there are some parallels that exist

that indicate some common elements (e.g., neuroinflamma-
tion, mast cells, fibrosis, and loss of function) are present in
both conditions and, as such, raise the possibility that some
of these common elements could be therapeutic targets (e.g.,
mast cells) (Figure 1). This figure (Figure 1) describing how
such common features lead to fibrotic outcomes can also be
found in Monument et al. [19] and in the web version of
that article at http://www.liebertpub.com/wound. EMS, MS,
and the fibrogenic skin wound healing and joint contractures
discussed above may use some unique features, as well as the
common elements leading to fibrosis, but mast cells are likely
central to all of these conditions.

3.1. Etiology of EMS. Endometriosis is defined as the
extrauterine growth of endometrial tissue which results in
pain and infertility in ∼10–15% of females (reviewed in
[71–76]). One theory regarding how the condition arises
relates to viable endometrial cells entering the peritoneumvia
retrograde menstruation, implantation, and establishment of
ectopic growths (discussed in [76]). Such growths become
extensively innervated and vascularized and contain mast
cells (reviewed in [71–73]). However, other theories have
also been raised regarding the origins of the tissues, and the
controversy is still not resolved (discussed in [71, 77]). A
recent report has also implicated endometrial mesenchymal
stem/progenitor cells in development of the disease [78].
Some reports also indicate that theremay be some genetic risk
in the development of EMS (discussed in [79]). Also similar
to MS, vitamin D may or may not be involved in EMS [80].

Similarly, but in a somewhat difference context, fibrosis is
a feature of endometriosis [81, 82], as well as proteinases such
as MMPs ([83]; reviewed in [84]), and others [85]. Genetic
polymorphisms in some MMP genes such as MMP-1, as well
as others, have been implicated in endometriosis [86]. Inter-
estingly, variants of the MMP-1 promoter can be influenced
by estrogen [87].

The pain aspects of the condition appear to be related to
fluctuating hormonal influences during the menstrual cycle,
with associated swelling and inflammation (reviewed in [88]).
EMS is considered a hormone-dependent inflammatory dis-
ease/condition. Several reports indicate that the inflamma-
tory response is altered in EMS [89], potentially due to its
chronicity which can lead to epigenetic alterations (reviewed
in [90]). However, in some preclinical models, EMS can
continue in ovariectomized animals, thus implicating other
mechanisms (e.g., the innate immune system) in disease
progression [91]. Which inflammatory pathways are involved
in EMS and how they are regulated by sex hormones have
been the subject of considerable research (reviewed in [92,
93]).

There are some reports indicating that EMS is an autoim-
mune disease or at least has some features of an autoimmune
disease ([94]; reviewed in [95]). Whether the autoimmune
aspects are a cause or a consequence of the chronic inflamma-
tion in a susceptible individual remains unclear.What is clear
is that it is a chronic inflammatory condition that does not
resolve. Interestingly, peritoneal fluid frompatients with EMS
contains higher levels of some cytokines than those without
this condition (e.g., MCP-1 and IL-8 [96]). Similar to MS,



International Journal of Inflammation 5

Local mast cell secretagogues
Substance P

CGRP
Complement C3a

VIP
Opiates

IgE

Histamine

Interleukins

SCFNGF

TGF-𝛽

TNF-𝛼

Acute and chronic
inflammation

Histamine

Tryptase

CTGF, TNF-𝛼

TGF-𝛽, bFGF, PDGF

SCF

TGF-𝛽
SCF

Proliferation
Differentiation
Collagen synthesis

Growth arrest
Apoptosis

Mast cells Fibroblasts Myofibroblasts

Figure 1: Mast cells mediated inflammation and fibrosis. Mast cells circulate as CD34-positive precursor cells and terminally differentiate in
connective tissues. Both IgE dependent and independent mechanisms can activate mast cells causing the release of preformed and newly
synthesized proinflammatory mediators. Many of these mediators increase vascular permeability and promote the recruitment of other
inflammatory cells and additional mast cell precursors. SCF is also secreted by activated fibroblasts and myofibroblasts, further potentiating
mast cell recruitment and proliferation. TGF-𝛽 is a potent fibroblast mitogen and stimulator of myofibroblast differentiation. It also impedes
myofibroblasts apoptosis. bFGF, basic fibroblast growth factor; CGRP, calcitonin gene-related peptide; CTGF, connective tissue growth factor;
NGF, nerve growth factor; PDGF, platelet-derived growth factor; SCF, stem cell factor; TGF-𝛽, transforming growth factor-beta; TNF-𝛼,
tumor necrosis factor-alpha; VIP, vasoactive intestinal peptide. This figure was reproduced from [19].

stress can exacerbate symptoms of EMS in preclinical models
[97].

3.2. Treatment of EMS. EMS can be treated conservatively
using NSAIDS to control the pain [98], use of oral contra-
ceptives tomanipulate the hormonal environment (discussed
in [99]), or surgery to remove the lesions (reviewed in [100,
101]). Surgical removal of lesions is effective in the short term,
but lesions may reappear [101]. Other authors have suggested
more innovative treatments such as gene therapy [102] or
targeting angiogenesis which is prominent in EMS [103].
Recently, the use of exercise has been promoted to impact
EMS symptoms, but this has not been validated (reviewed in
[104]). In preclinical models, vitamin D and a plant-derived
anti-inflammatory molecule, beta-caryophyllene inhibited
growth of EMS lesions and induced regressions of implants
[105, 106].

As surgery in endometriosis to remove lesions is only par-
tially successful and lesions reappear, some effort to inhibit
reformation of lesion by inhibiting adhesion formation has

been attempted. However, such trials have not been overtly
successful thus far [107].

3.3. Mast Cells in EMS. Mast cells play a role in a number
of normal processes in females. These include involvement
in reproduction, pregnancy, and labour (reviewed in [108]).
Therefore, one has to be clear regarding what is an abnormal
involvement in a process versus variation in a normal process.

Mast cells are prominent in EMS tissue but whether their
role(s) in EMS development and progression are central to
the disease or peripheral with mast cells being drawn to
the site of lesions is still being debated (discussed in [109]).
However, some evidence would indicate that the mast cells
aremore central to lesion development and progression [110].
Degranulated mast cells have been detected in EMS lesions
[111] and activated mast cells implicated in the associated
fibrosis [112]. Furthermore, mast cells have been reported to
express estrogen receptors and thus should be responsive to
the sex hormones [113]. In fact, estrogen has been reported
to result in mast cell activation with release of mediators, in
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part due to interactions with ER-alpha [113]. Furthermore,
mast cells in EMS lesions are commonly found in close
approximation to neural elements in such lesions (discussed
in [109, 114]). Such close approximation of these two elements
in lesions is somewhat supportive of the concept of active
neuroinflammation and pain in EMS [115] and is analogous to
what we have observed in abnormal skin wound healing and
joint contraction models previously that were responsive to
mast cell stabilizer interventions [13, 16, 17].

3.4. Targeting Mast Cells in EMS. Several targets to influence
EMS progression have focused on aromatase inhibitors, anti-
TNF-alpha, and dienogest (discussed in [100] and others) to
address the known cytokine and hormonal influences on the
condition. In addition, given the above discussed evidence for
the active involvement of mast cells in EMS, it is not surpris-
ing that some authors have also suggested targeting such cells
to alleviate pain and progression of EMS lesions. D’Cruz and
Uckun [116] have suggested using Janus kinase 3 inhibitors to
interfere with EMS pain and lesion progression. Janus kinase
3 is well expressed by mast cells and is, therefore, a likely
potential target. It is not clear from the literature whether
this suggestion has progressed to preclinical models or the
clinic. Interestingly, women with endometriosis who were
treated with a levonorgestrel-releasing intrauterine system
had fewer mast cells in their endometrial biopsies but not in
normal peritoneum [117]. However, themechanisms involved
have not been identified (e.g., direct effects versus indirect
consequences of treatment). Interestingly, a somewhat recent
report by Zhu and Zhang [115] has postulated that nerves
release peptides such as Substance P that can inducemast cell
degranulation with subsequent release of bioactive molecules
that could contribute to the pain of endometriosis. Such a
scenario in EMS is consistent with recent in vitro studies indi-
cating that Substance P can enhance mast cell stimulation of
myofibroblast activity [118].

While mast cells have been suggested as a potential target
in EMS, from the literature searched, no evidence for the use
of mast cell stabilizers such as ketotifen or disodium cromo-
glycate in this condition could be detected. Given the exten-
sive safety and use profiles of such drugs in asthma and aller-
gic conditions, this is somewhat surprising. Furthermore, one
might have expected some serendipity with regard to these
drugs due to taking the drugs for asthma and also having EMS
in a younger female population.

Whatever the basis for not having this suggestion being
pursued is, given the recent success in other circumstances
(e.g., abnormal skin wound healing and joint contracture
prevention), more thought should be given to implement
some pilot studies to assess the efficacy of these drugs in EMS.

AswithMS, if indeedmast cell directed drugs/approaches
are attempted in EMS, then one will have to carefully match
expectations and outcomes. Also as with MS, mast cells
in EMS may be downstream from an inciting event (e.g.,
neurostimulation/excitation), or they could be more central
via estrogen/hormone activation of the mast cells as a more
primary event.Therefore, the relationship between treatment
and appropriate outcome measures will need to be carefully
monitored. Secondly, EMS, like MS, is a complex set of

conditions, and therefore mast cell directed agents may need
to be matched with complementary approaches to yield a
multipronged approach to effectively control different aspects
of the condition as there may be multiple control points and
some redundancies in the disease processes.

4. Summary and Conclusions

MS and EMS share a number of parallels in the disease pro-
cess (e.g., neuroinflammation, fibrosis, proteinase activation,
andmast cells).They are not necessarily unique in this regard
and other conditions (e.g., hypertrophic scarring after burns,
pulmonary fibrosis) may also share some of these features
(reviewed/discussed in [23]). However, MS and EMS are two
diseases in which mast cells are believed to be intimately
involved, but no targeting of these cells has been attempted
based on a review of the available literature. As potential
drugs targeting mast cells, such as ketotifen and disodium
cromoglycate, have well documented safety and efficacy
profiles, they could be used initially for pilot studies and then
largermulticenter studies without need for a number of safety
trials. Interestingly, both of the drugs named are off patent
protection, a fact that would potentially make studies less
costly but also be less of an incentive for industry support.
However, implementing some pilot studies to curb inflamma-
tion with mast cell directed agents is likely warranted.

While such trials with ketotifen and related drugs are
likely warranted, it should be pointed out that chronic long
term suppression of mast cell function could have health
consequences in some individuals and such drugs are likely
not without some potential side effects in subsets of patients
(e.g., adverse events or events associated with chronic impair-
ment of normal mast cell functions).Thus, any trials initiated
should carefullymonitor potential side effect issues.However,
some patients with neurofibroma have been treated with
ketotifen for 30 years with continued beneficial effects and no
reported overt side effects [119].

It should also be reiterated that the “nerve-mast cell-
myofibroblast axis” (reviewed in [19, Figure 1]) is supported
by in vitro [120] and in vivo [13, 16, 17] studies, but the in vivo
studies indicate that such an axis is likely not unidirectional
as treatment with ketotifen led to declines in all components
of the postulated axis that would not be consistent with a
unidirectional axis leading to fibrosis. Therefore, either there
are as yet undefined influences of the drug on nerves and/or
myofibroblasts or the axis functions in vivo in a bidirectional
fashion. Thus, evidence exists for how such an axis could
function, but evidence for why it is activated remains to be
determined and individual disease entitiesmay have different
“whys” such processes are initiated and exacerbated.

Finally, as discussed above, it is clear that EMS is an
estrogen-dependent disease; while MS may be more preva-
lent in females, it has not been shown to be estrogen-
dependent. Conversely, MS occurs in a naturally neural-rich
environment, while EMS does not, but the abnormal tissue
does have nerves. Thus, the “triggers” for activation of MS
versus EMS may be different, but they do share common
elements includingmast cell involvement. Furthermore, both
MS [121] and EMS [120] are not uniform diseases but are
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heterogeneous conditions with patient subsets with differing
characteristics or disease courses. Thus, some patients may
respond to mast cell stabilizers more effectively than others,
and such considerations should be kept in mind when
designing future studies.
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