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Understanding the links between the tendon healing process, inflammatory mechanisms, and tendon homeostasis after

tissue damage is crucial in developing novel therapeutics for human tendon disorders. The inflammatory mechanisms that

are operative in response to tendon injury are not fully understood, but it has been suggested that inflammation occurring

in response to nerve signaling, i.e., neurogenic inflammation, has a pathogenic role. In this review, we discuss the role of

mast cells in the communication with peripheral nerves, and their emerging role in tendon healing and inflammation after

injury.
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1. Introduction

Tendon is a crucial component of the musculoskeletal system that connects muscle to bone and transmits force for the

movement . Tendon is a soft connective tissue and is predominately composed of water, which makes up 55–70% of

the total tendon weight. The other major component of tendon is collagen, which represents about 60–85% of the dry

weight of tendon . In tendon architecture, fibrillar arrangement of triple-helical type I collagen molecules generates

collagen fibers, which then combine to form fascicles and, ultimately, the tendon tissue. The type I collagen molecule

contains two identical α1 chains and one α2 chain, which are encoded by col1a1 and col1a2, respectively . The collagen

fibrils are the fundamental force-transmitting element of tendon tissue, and are tightly arranged within the extracellular

matrix. Type I collagen and associated extracellular matrix components are produced by tenocytes, which are fibroblast-

like cells found between collagen fibers and in the surrounding of the endotenon . Tendons also contain other cell types

such as chondrocytes, vascular cells, synovial cells, tendon stem cells (TSCs) including mast cells. Tendon mast cells are

in the normal state resident locally in the tendon tissue or in the loose connective tissue close to the paratenon, muscle–

tendon junction, or bone–tendon junction . However, during the tendon healing process, they may migrate to the injured

site (tendon proper) following inflammation and nerve ingrowth . In addition to tendon cells and collagen, other

molecules like elastin and proteoglycans are also integral parts of the tendon . There are two main markers of collagen

metabolism: procollagen type III N-terminal propeptide (PIIINP) and procollagen type I N-terminal propeptide (PINP). Both

have been used as early prediction markers for healing tendon and bone . Procollagen type I and III are essential

building blocks in all types of connective tissues, and PINP and PIIINP have been utilized as biomarkers to assess

collagen metabolism in intact human Achilles tendons exposed to exercise and growth factor stimulation . 

2. Data

Mast cells are highly granulated hematopoietic cells derived from the bone marrow. They circulate in the blood as

immature progenitor cells, after which they home into tissues where they mature under the influence of local growth

factors such as stem cell factor . In their mature state, mast cells are characterized by a remarkably high

content of electron-dense secretory granules. These contain a plethora of preformed mediators, including serglycin

proteoglycans, proteases (e.g., chymase, tryptase, and carboxypeptidase A3), biogenic amines (histamine, serotonin, and

dopamine), lysosomal hydrolases, growth factors, and certain cytokines (e.g., tumor necrosis factor-α (TNF-α)) .

When mast cells are activated, they typically respond by degranulation, whereby the preformed mediators are released to

the extracellular space. Mast cell activation also leads to the de novo synthesis of a range of other mediators, including

additional growth factors, cytokines, chemokines, as well as various lipid-derived mediators such as platelet-activating

factor, prostaglandins, and leukotrienes (see Figure 2 ) . Mast cells can be activated through a variety of mechanisms.

Of these, crosslinking of IgE molecules bound to their high affinity receptors (FcεRI) on the mast cell surface represents

the classical mode of mast cell activation. However, mast cells can be activated through several alternative pathways,

including complement, engagement of toll-like receptors, and ligation of Mas-related G-protein coupled receptor member

X2 (MRGPRX2) .
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Mast cells have been suggested to have a number of beneficial functions, e.g., in the context of bacterial and parasite

infection, as well as in wound healing and in the defense against various toxins . Conversely, mast cells

have also been implicated as detrimental players in several pathological settings. Most notably, mast cells are strongly

implicated in allergic disorders but there is also evidence supporting the contribution of mast cells in various autoimmune

diseases, fibrosis, cancer, skin inflammation, and metabolic disorders . In addition, there is

emerging evidence suggesting that mast cells potentially could be involved in conditions associated with neurogenic

inflammation . In support of a functional nerve:mast cell communication, mast cells are frequently found in

close association with nerve endings . However, the mechanisms by which mast cells could respond to nerve

signaling have been mostly elusive.

The close location of mast cells and peripheral nerve endings raises the possibility that mast cells can be activated by

different neurotransmitters that may be released from peripheral nerves in response to tendon injury. Such

neurotransmitters include substance P, glutamate, CGRP, and neurokinin A (NKA) . In line with a potential role for

neurological mechanisms in mast cell activation, mast cells are known to express several receptors for neurotransmitters,

e.g., neurokinin 1 receptor (NK1; receptor for substance P) and calcitonin receptor-like receptor (receptor for CGRP) 

. Mast cells also express MRGPRX2 , and it has been shown that MRGPRX2 can be a more relevant receptor for

substance P than is NK1 . Mast cells also express corticotropin-releasing hormone receptor-1 and activity-modifying

protein 1 (RAMP1) . Further, recent findings have revealed that mouse mast cells express various glutamate

receptors  (see also below). Altogether, this suggests that mast cells have the capacity to respond to a wide range of

neurotransmitters that can be secreted by nerve endings in the context of tendon injury. Such neurotransmitters could

potentially activate mast cells, and could also activate other cells (e.g., macrophages, fibroblasts) expressing the

corresponding neurotransmitter receptors. This can lead to the release of cytokines and other proinflammatory mediators

that could contribute to the pathology of tendon injury . Indeed, mast cells are known to respond to substance

P stimulation by secreting monocyte chemoattractant protein-1 (MCP-1), TNF-ɑ, interleukin-8 (IL-8), IL-3, granulocyte–

macrophage colony-stimulating factor, interferon-γ, and eotaxin . Moreover, mast cell stimulation by CGRP and

substance P causes the release of histamine from rat peritoneal mast cells  but does not activate human intestinal mast

cells . It has also been demonstrated that mast cells respond to glutamate by secreting proinflammatory cytokines and

chemokines .

As discussed in this entry, there is emerging evidence to suggest that mast cells can contribute to neurogenic

inflammation and the inflammatory reaction that accompanies tendon healing. It is plausible that the

cytokines/chemokines released through this mechanism may contribute, either directly or indirectly, to the modulation of

tendon healing and inflammation in such settings.
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