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Introduction

Mast cells play a key role in many sexual pain disorders including interstitial cystitis (IC), provoked vestibulodynia (PVD),
and endometriosis. Mast cells are ubiquitous, present in virtually all organs and vascularized tissue where they work to
modulate the immune response. In addition, mast cells are present in, and recruited to, sites of inflammation, where
they orchestrate key steps in the inflammatory response. Granules released by mast cells contain angiogenic, pro-
inflammatory, and neurotrophic factors. These granules are heterogenous and different substances are released
depending on the type, location, and timing of the damaging event or agent. When persistently up-regulated, mast cells
maintain chronic in- flammation, leading to a shift between nociceptive and neuropathic pain. This chapter reviews the
biochemical complexity of mast cells to illustrate their role in sexual pain disorders.

The Importance of Mast Cells

Although mast cells were discovered over 100 years ago, they still represent a “biological enigma” [1]. Mast cells possess
a series of biochemical and functional properties that place them at the center of both the inflammatory and immune
responses. Mast cells are activated by stimuli of “agonists” and released by means of degranulation, a wide array of
biologically active mediators. These mediators can be synthesized at the time of the stimulus, or can be immediately
released from storage vesicles called cytoplasmic granules [2, 3]. Mast cells are able to respond to a wide range of
agonist stimuli, and to differentially release biochemical mediators [4]. It is this heterogeneity that enables mast cells to
have a functional role in a wide range of problems including sexual pain disorders, ranging from inflammatory conditions
(IC) to neuropathic pain syndromes (PVD) to fibrotic involutions (endometriosis) [5-8].

Mast cells contain, and selectively release, biochemicals that mediate the typical signs and symptoms of local in-
flammation including erythema, edema, increased local temperature, pain, and functional impairment as first described
by ancient Roman physicians in “rubor, tumor, calor, dolor, functio laesa”. These changes can be seen during a
cystoscopic examination of a woman with IC or vulvoscopic (see Chapter 7) examination of a woman with PVD. Mast
cells also contain “neurotrophins” that activate the nerve endings of pain fibers, inducing proliferation and growth toward
the epidermis of the nerve terminals in the inflamed mucosa. These changes are the morphological correlates,
respectively, ofhyperalgesia and allodynia. These alterations in pain perceptions are typical of sexual pain disorders
including PVD, generalized vulvodynia (GVD), and IC.

The Morphology of Mast Cells

Selye was the first to describe the human mast cell as rounded elements with an oval nucleus and cytoplasm filled with
spherical metachromatic granules, located in the dermis, adjacent to blood vessels, nerve endings, glandular ducts, and
hair follicles. Historically, Toluidine blue and Giemsa stains were used to visualize mast cells microscopically [9, 10].
Unfortunately, these stain techniques inadequately demonstrated the presence of mast cells in inflamed tissue, but with
newer immunostaining techniques (immunotryptase) mast cells are more easily seen. This increased visualization has
yielded evidence of mast cell proliferation in the initial stages of several sexual pain disorders including PVD, IC, irritable
bowel syndrome (IBS), and endometriosis. In later stages of these diseases, when the chronic inflammation has led to
fibrosis, mast cells may almost disappear from the functionally deserted tissue.

Mast cells are currently divided into three groups based on their immunocytochemical characteristics [11, 12].
Specifically, there are mucosal mast cells containing only tryptase (mast cell T); connective tissue mast cells containing
tryptase, chymase, carboxypeptidase, and cathepsinG (mast cell TC); and mast cells that can be found in several
different tissues containing chymase and carboxypeptidase (mast cells C). Although dermal mast cells have traditionally
been thought of as indigenous only to the dermis, mast cells have a migratory capacity and demonstrate extraordinary
functional adaptation in response to disturbances of tissue homeostasis [2].

The density of mast cells in inflamed tissue changes over time. In tissue where there is an acute inflammatory response,
the concentration of mast cells is high. As the inflammation becomes more chronic, the number of mast cells decreases
and may even disappear late in the fibrotic process. However, as the density of mast cells decreases, there is an
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increase in neuronal proliferation. At this late stage of the inflammatory process, neuropathic symptoms, such as
spontaneous hyperalgesia, become prominent.

Functional Role of Mast Cells

Dermal mast cells, which are strategically located between vessels and nerves, are directly stimulated by immunological
signals from cytokines, immunoglobulin E, complement fractions, and neuropeptides [2, 13-15]. These activated dermal
mast cells play several crucial roles in mediating the inflammatory responses discussed below:

(a) Neurogenic inflammation: Neuropeptide nerve growth factor (NGF), calcitonin gene-related peptide (CGRP), and
somatostatin are released by stimulated or damaged dermo-epidermal nerve endings. These neuropeptides activate local
mast cells, causing degranulation [14]. In addition, physical, chemical, or mechanical stimuli also act to trigger mast cell
degranulation [16, 17]. Once released from the mast cells, cytokines, growth factors, vasoactive amines, and proteolytic
enzymes influence the surrounding cellular elements, thereby coordinating the biological response to tissue injury with
both defensive and reparative effects.

(b) The mast cell-mediated vascular response: Mast cells that adhere to the walls of blood vessels are part of a
vascular control system responsible for constantly monitoring microcirculatory homeostasis [18]. Through the release of
vasoactive mediators such as histamine, protease, tumor necrosis factor (TNF), and metabolites of arachidonic acid,
mast cells induce vasodilation and increase vascular permeability, leading to tissue edema and erythema [19, 20].

(c) The mast cell-directed inflammatory response: As the inflammatory process develops, mast cells play a crucial
role in the recruitment of circulating leukocytes, neutrophils, basophils, and eosinophils to the area of injury [21].
Specifically, mast cells release TNF, leukotrienes, proteases, and cytokines (especially interleuken-8) that mediate
leukocyte marginalization and migration [22]. These leukocytes, along with resident macrophages, perform specific
defence functions including phagocytosis and debridement.

(d) The mastcell-mediated neurogenic response: Local innervation is influenced by the functional state of the
mast cell [23]. Specifically, NGF released by mast cells causes a reduction in the nociceptive threshold. This is the key
mechanism responsible for the hyperalgesia in sexual pain disorders [24—-26].

(e) Mast cell-mediated neovascularization and reepithelialization: Mast cells coordinate neovascularization in
injured tissue by influencing the regrowth potential of endothelial cells. Specifically, histamine, heparin, TNF, interleuken-
6, interleuken-8, platelet derived growth factor, vascular endothelial derived growth factor, transforming growth factor-
beta, and fibroblast growth factor represent the “angiogenic pool” rapidly released by activated mast cells by means of
degranulation. This angiogenic pool modulates the various stages of new vessel formation [27-30]. In addition, mast
cells also act to influence the re-epithelialization process by mediating keratinocyte migration and proliferation around
the wound edges, leading to the formation of new epithelium [31, 32].

(f) Mast cells role in scarring: Mast cells play an essential role in initiating scar tissue formation by mediating the
activity of fibroblasts. The mast cells release substances with specific fibroproliferative activity including histamine,
interleuken-1, interleuken-4, NGF, tryptase, fibroblast growth factor, and transforming growth factor beta [33-38].
Therefore, mast cells possess the biological signals needed to stimulate chemotaxis, migration, phenotype
differentiation, and biosynthetic activity of fibroblasts. In addition, there are gap junctions between fibroblasts and mast
cells that enhance the functional synergy between these two cell types [27].

Clinical Significance of Mast Cells

As shown above, mast cells show extraordinary complexity and heterogeneity in the content of their granules. More
importantly, they are able to selectivity release different granules depending on the stage of the inflammatory process,
the site of tissue damage, and the response of the other cells participating to the inflammatory process. Disinhibition of
the inflammatory process and/or persistence of inflammatory stimulimay alter the healing process, maintaining an up-
regulation of the mast cell’'s response. This intensifies neurogenic inflammation and tissue damage, with two major
consequences. First, there is progressive functional and anatomic damage associated with prominent tissue scarring,
exemplified by the natural history of endometriosis. Second, there is up-regulation of nerve pain, with morphological and
functional changes. This may contribute to the shift from the typical inflammatory response as seen in “early” PVD where
mast cells are significantly increased in the vestibular mucosa, to “late” PVD where there is increased density of C-
afferent nociceptors in the vestibular mucosa. In these later stages, pain shifts from nociceptive pain towards
neuropathic pain.
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Conclusions

Understanding the role of mast cells in the pathophysiology of local inflammation is critical if physicians hope to move
from symptomatic, late interventions in conditions such as PVD to etiologically based multimodal treatments. Mast cells
play a significant role as the sophisticated directors of the immune and inflammatory response; they can influence a
positive or negative outcome, according to genetic, local, and contextual factors. Physicians can change the natural
history of many inflammatory conditions that lead to chronic and aggressive pain disorders if they consider the critical
role of mast cells and intervene in two ways: by reducing agonist stimuli that cause mast cell up-regulation and
damaging degranulation, and by testing/using drugs that may act as antagonist modulators of mast cells, thereby
reducing the release of inflammatory and neurotrophic substances [39].
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