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SIGNIFICANCE
The term mastocytosis refers to a disorder characterized 
by the accumulation of mast cells in various organs. Mast 
cells play a crucial role in neurogenic inflammation and 
may induce pruritus via the release of several neuromedia-
tors, including histamine, serotonin, proteases, and various 
cyto kines; however, studies focusing on pruritus in masto-
cytosis are quite limited. The current review provides an 
in-depth literature review on the pathogenesis of pruritus 
in mastocytosis.

Pruritus can be defined as an unpleasant sensation 
that evokes a desire to scratch and significantly im-
pairs patients’ quality of life. Pruritus is widely observ
ed in many dermatoses, including mastocytosis, a rare 
disease characterized by abnormal accumulation of 
mast cells, which can involve skin, bone marrow, and 
other organs. Increasing evidence highlights the role 
of mast cells in neurogenic inflammation and itching. 
Mast cells release various pruritogenic mediators, initi-
ating subsequent mutual communication with specific 
nociceptors on sensory nerve fibres. Among important 
mediators released by mast cells that induce pruritus, 
one can distinguish histamine, serotonin, proteases, 
as well as various cytokines. During neuronalinduced 
inflammation, mast cells may respond to numerous 
mediators, including neuropeptides, such as substance 
P, neurokinin A, calcitonin generelated peptide, endo
thelin 1, and nerve growth factor. Currently, treatment 
of pruritus in mastocytosis is focused on alleviating 
the effects of mediators secreted by mast cells. How
ever, a deeper understanding of the intricacies of the 
neurobiology of this disease could help to provide bet-
ter treatment options for patients.

Key words: itch; mast cells; mastocytosis; pruritus.

Accepted Oct 13, 2021; Epub ahead of print Oct 13, 2021

Acta Derm Venereol 2021; 101: adv00583.

Corr: Adam Reich, Department of Dermatology, University of Rzeszow, 
Ul. Szopena 2, PL-35-055 Rzeszów, Poland. E-mail: adamandrzejreich@
gmail.com

Pruritus can be defined as a subjective, unpleasant 
sensation that evokes a desire to scratch. This phe-

nomenon is a prevalent feature of many skin diseases, 
including mastocytosis (1, 2). In the molecular mecha-
nism of itching, mast cells are important players. These 
versatile innate immune cells also have an integral role 
in the pathogenesis of mastocytosis (3). Of note, the 
term mastocytosis is broad, and encompasses a group of 
systemic variants of mastocytosis as well as cutaneous 
manifestations without any systemic involvement, the 
latter including maculopapular cutaneous mastocytosis 
(also termed urticaria pigmentosa), diffuse cutaneous 
mastocytosis, and localized mastocytoma of the skin 
(4). Systemic mastocytosis, which encompasses ap-
proximately 20% of all mastocytosis cases, includes 
indolent systemic mastocytosis, smouldering systemic 
mastocytosis, systemic mastocytosis with haematological 
neoplasm, aggressive systemic mastocytosis, mast cell 
leukaemia and mast cell sarcoma (4). 

The hyperplasia of mast cells within various tissues re-
mains crucial in mastocytosis (5). The biological function 
of mast cells is thought to be strongly associated with 
the c-KIT receptor expressed on mast cells (6). Binding 
of stem cell factor (SCF) to the extracellular domains 
of the c-KIT receptor (CD117) induces the proliferation 
and maturation of mast cells and intensifies the release 
of various mediators. The manifestations of mastocyto-
sis are a consequence of the alterations in the KIT gene 
structure and its constitutive activation, independent of 
its ligand. This leads to mast cell hyperplasia, which 
can involve skin, bone marrow, and internal organs (4). 
Studies have shown diverse mast cell functions, fulfil-
ling both negative and positive immunoregulatory roles, 
which contribute to various pathological conditions, but 
also maintain homeostasis (7, 8). Heterogeneity of mast 
cells constitutes their complex role, not only as effector 
cells in allergic reactions, but also as part of the innate 
and adaptive immune system (9). The sensitivity of mast 
cells to various microenvironmental signals determines 
their importance in the pathogenesis of many biological 
processes, including pruritus. Moreover, increasing data 
suggest a significant role of mast cells in neurogenic 
inflammation and, thus, in the pathogenesis of pruritus 
through neuroimmunological interactions (10, 11). In 
clinical practice, pruritus seems to be a common and 
troublesome symptom in patients with mastocytosis. 
However, knowledge of the molecular basis of pruritus 
in mastocytosis remains limited, making it difficult to se-
lect an effective antipruritic treatment for these patients. 

This review summarizes the current understanding of 
the molecular mechanisms of pruritus in mastocytosis.

EVIDENCE SEARCH

For the purposes of this review, a detailed search of 
PubMed database was carried out, using the following 

Role of Mast Cells in the Pathogenesis of Pruritus in Mastocytosis
Dominika KWIATKOWSKA and Adam REICH
Department of Dermatology, Institute of Medical Sciences, Medical College of Rzeszow University, Rzeszów, Poland
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search terms: “mast cells” or “mastocytosis” or “urtica-
ria pigmentosa” combined with “itch” or “pruritus” or 
“pruritus pathogenesis” or “proinflammatory mediators” 
or “neurogenic inflammation” or “histamine” or “seroto-
nin” or “proteases” neuropeptides (Fig. 1). Articles were 
selected based on their relevance regarding the topic of 
this review. In addition, all studies published in languages 
other than English were excluded. Several articles were 
also included by manual search during the investigation 
of references in other papers. A final total of 107 articles 
were included in the analysis. 

ORIGIN AND DEVELOPMENT OF MAST CELLS

Developmentally, mast cells are derived from the CD34+ 
pluripotent progenitor cells from the bone marrow (12). 
Subsequently, CD34+ cells differentiate into mast cell 
precursors (MCP) that circulate in the peripheral blood 
(13). MCP transmigrate to connective or mucosal tissues 
through the blood. In the presence of SCF and other 
cytokines, MCP transform into KIT+ and FcεR1+ cells 
(14). Terminally differentiated and mature mast cells 
with characteristic cytoplasmic granules reside in tissues. 
Mast cells are found in close proximity to myelinated 
and unmyelinated neural structures, as well as blood 
and lymphatic vessels (15, 16). These specific locations 
are closely correlated with mast cell function, which 
encompasses the capacity to release a multitude of pro-
inflammatory mediators, immunoregulatory cytokines, 

and chemotactic factors. Because of large differences in 
protease content and staining with chromogenic dyes, 
mast cells in rodents have been divided into mucosal 
and connective tissue subtypes (17). The connective 
tissue subtype, in contrast to the mucosal one, showed 
stabilization after utilization of disodium cromoglycate 
in both, in vitro and in vivo rat models (18, 19). Interes-
tingly, disodium cromoglycate was largely ineffective 
and did not inhibit connective tissue mast cell activation 
in the mouse (20), and its potential biological activity in 
humans remains largely controversial.

In humans, individual protease compositions are of 
paramount importance in dividing mast cells into subsets. 
Currently, it is possible to distinguish the following cuta-
neous mast cell subtypes: mast cells containing tryptase 
(MCT), chymase (MCC), or both (MCTC) (7). However, 
mast cells demonstrate significant heterogeneity, which 
reflects complexity of interactions between microenvi-
ronment and specific anatomical locations.

MAST CELLS AND NEUROGENIC INFLAMMATION

The neurophysiology of pruritus involves the combined 
action of nerve fibres that transfer itching peripherally 
and centrally, along with the abundance of itch mediators 
released in the microenvironment (21). Free nerve endings 
in the epidermis are particularly important for sensing 
pruritic stimuli. The aforementioned peripheral sensory 
neurones are mainly divided into myelinated A-delta 
fibres and unmyelinated C-fibres, whereas C-fibres are 
further subdivided into peptidergic and non-peptidergic 
fibres (22). Scratching behaviour promotes the secretion 
of neuropeptides from sensory nerve endings, which 
enhances neurogenic inflammation. The itch signal is 
conveyed to secondary neurones distributed in the dorsal 
horn of the spinal cord and then to the brain, thus inten-
sifying the mutual cycle of itching and scratching (21).

Most mast cells are found in the dermis, especially 
in perivascular areas, unlike in the epidermis of normal 
skin, where they are absent (23–25). However, the dist-
ribution of mast cells in close proximity to the nerve 
endings in the epidermis and meninges has been obser-
ved (26). Epidermal mast cells can also be detected in 
several pathological conditions associated with chronic 
inflammation. Research has shown significant alterations 
in the density of mast cell between proximal and distal 
body sites, with the highest numbers in distal extremities 
and forearms (27). Whether this particular distribution 
is correlated with the exposure of different parts of the 
body to external factors, such as ultraviolet light, remains 
controversial.

In addition to the anatomical association, there is a 
functional reciprocal communication pathway between 
mast cells and free nerve endings (28). Molecular mecha-
nisms that mediate intracellular communication include 
the release of various mediators by mast cells, which can Fig. 1. Flowchart of PubMed database search.
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modulate sensory nerves via the activation of receptors 
on nerve terminals. This process stimulates the sensory 
nerve endings to express neuropeptides and creates the 
loop of the vicious cycle that increases neurogenic in-
flammation and its associated itch (29). Moreover, both 
mast cells and nerves can express related receptors and 
may respond to stimulation by the same mediators, which 
further enhances mutual interactions.

PRURITUS FROM A MOLECULAR POINT OF 
VIEW

In response to various stimuli, mast cells release a va-
riety of proinflammatory mediators that contribute to 
the pathogenesis of pruritus (Fig. 2). Histamine is the 
best-known endogenous agent that evokes itch (30). 
Nevertheless, the pathogenesis of pruritus in mastocy-
tosis can be, at least partially, histamine independent.

Histamine
Histamine is stored primarily in the granules of tissue 
mast cells, which are present in most tissues and are par-
ticularly abundant in the skin. Histamine is a well-known 
mediator in the development of rapid anaphylactic reac-
tions and allergic responses. In mastocytosis, patients 
may demonstrate elevated serum histamine levels (2). 
The role of histamine in scratching behaviour has been 
reported extensively. This pruritogenic neurotransmit-
ter is released from the granules of dermal mast cells in 
response to different stimuli, such as acute ultraviolet 
light B (UVB) injury (31). The subcutaneous injection 
of histamine elicits the triple response, namely a red spot 

due to vasodilatation, flare, which is the consequence of 
an axon reflex, and a wheal due to increased permeability 
of blood vessel walls. Mast cells are characterized by 
expression of the high-affinity receptor for IgE, FcεRI, 
and the capacity to synthesize histamine. Histamine 
binds to 4 G protein-coupled receptors (GPCRs), H1-
receptor (H1R), H2-receptor (H2R), H3-receptor (H3R), 
H4-receptor (H4R), respectively. H1R and H4R have 
been shown to play an important role in allergy and 
inflammation, H2R can alter gastric acid secretion, and 
H3R is involved in regulating the release of various 
neurotransmitters in the brain, making it crucial in neuro-
inflammatory diseases (32, 33). Stimulation of H1R ac-
tivates the phospholipase C, inositol 1,4,5-trisphosphate, 
Ca2+ (PLCIP3Ca2+) pathway and mediates symptoms of 
type I allergic reactions, such as pruritus, erythema, and 
oedema (34). H2R activates the cyclic adenosine monop-
hosphate (AMP)-dependent pathway and participates 
in cytokine production by Th1 lymphocytes. H3R and 
H4R have been involved in the activation of mitogen-
activated protein (MAP) kinase. In addition, stimulation 
of H4R deploys Ca2+ ions stored inside the cells (35). In 
mice, deletion of H1R causes dominant secretion of Th2 
cytokines from T cells upon activation, mainly interleu-
kin (IL) 4 and IL-13, as well as suppression of interferon 
γ (IFN-γ) (36). Recently conducted studies have shown 
that intradermal injection of IL-4 and IL-13 increase 
scratching behaviour in mice (37). In contrast, the 
allergen-challenged H1R-knockout mice were found to 
have reduced lung Th2 cytokines and thus lowered air-
way inflammation and hyper-responsiveness (38). Hista-
mine promotes T-cell chemotaxis, impairment of which 
may be responsible for reducing lung inflammation. 

Fig. 2. Proposed model of the functional interaction 
between mast cells and the synapse of the sensory nerve 
in the skin. Immunoglobulin E (IgE) bounds antigens (different 
allergens) and triggers the IgE receptor FcεRI signalling pathway, 
which results in mast cell degranulation. Mast cells release various 
mediators, such as chymase, tryptase, serotonin, histamine, 
and interleukins (including interleukin (IL)-31). Transmitters 
released from mast cells interact with their specific receptors 
(protease-activated receptor (PAR-2), serotonin receptor 5HTR, 
histamine receptor (HR), interleukin 31 receptor (IL-31R)) on 
nerve terminals, which leads to direct activation of pruriceptors. 
Stimulation of PAR-2 receptors leads to coactivation of transient 
receptor potential channels (TRP channels). In turn, activated 
nerve fibres release several mediators, including neuropeptides, 
such as calcitonin gene-related peptide (CGRP), substance P, 
nerve growth factor (NGF) and neurokinin 1, which elicit feedback 
activation of the mast cell through respective receptors (Mas-
related G protein-coupled receptor-X2 (MGPRX2), neurokinin 
1 receptor (NK-1R), tropomyosin receptor kinase A (TrkA)). 
CALCRL/RAMP1: calcitonin receptor-like receptor/receptor 
activity-modifying protein 1; DRG: dorsal root ganglion.
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These findings account for important regulatory mecha-
nisms. Furthermore, histamine increases nerve growth 
factor (NGF) production via H1Rinduced signalling 
cascade in human keratinocytes. NGF is a proinflam-
matory mediator associated with pain and itch, which 
elicits crucial effects on the development and functions 
of sensory nerves. Regarding neurogenic inflammation, 
histamine showed a bidirectional mechanism of action 
based on close functional relationship with the nervous 
system. Acting through several distinct GPCRs expres-
sed on sensory cutaneous neurones, histamine stimulates 
the release of various neuropeptides, including NGF, 
substance P, calcitonin gene-related peptide (CGRP), 
and endothelin 1 (ET-1), from nerve terminals into the 
microenvironment. On the other hand, NGF, substance 
P, and CGRP retrogradely activate mast cells to secrete 
histamine (39, 40). The H4R is a recently described 
histamine receptor and is expressed on mast cells, NK 
cells, dendritic cells, eosinophils, basophils and human 
CD4+ T cells (41). This receptor has been associated with 
inflammation and pruritus in a murine Th-2 dependent 
skin inflammation model (42). Interestingly, H4R sti-
mulation leads to upregulation of IL-31 (43). Increased 
levels of IL-31 were found in lesions of allergic contact 
dermatitis and atopic dermatitis. It is now thought that 
IL-31 is an important mediator in the pathogenesis of 
various subtypes of pruritus.

Serotonin

Despite the fact that serotonin is scarcely found in hu-
man mast cell granules, it seems to remain a relevant 
mediator in mastocytosis (44). In addition to mast cells, 
many other epidermal and dermal cells possess the ability 
to express and secrete serotonin. Serotonin receptors 
(5-HTR) and transporters have been detected in kerati-
nocytes, melanocytes, dermal fibroblasts, and sensory 
nerve endings. The abundance of 5-HTRs complicates 
understanding of the exact mechanisms by which sero-
tonin could cause pruritus. To evaluate the pruritogenic 
activity of serotonin, Yamaguchi et al. (45) investigated 
whether intradermal injection of serotonin would induce 
itch-associated behaviours in mice. Findings from this 
study suggested that pruritogenic response to serotonin 
may be at least partially mediated by cutaneous 5-HT2Rs 
(45). Another study conducted by Nojima et al. (46) 
confirmed that 5-HT2R is involved in robust scratching 
behaviour in rodents. However, this study also sho-
wed that different mechanisms of action are relevant in 
dinitrofluorobenzene-induced pruritus in rats, which in-
dicates that serotonin acting through 5HT2R or 5-HT3R 
is not markedly involved in allergic pruritus (46). The 
mechanism through which serotonin induces itch seems 
to be associated with transient receptor potential cation 
channel subfamily V member 4 (TRPV-4) dependent 
pathway (47–49). Interestingly, other pruritogens, such 

as histamine, chloroquine, and the protease active re-
ceptor (PAR) 2/Mas-related G-protein coupled receptor 
member A3 (MrgprA3) agonist SLIGRL did not show 
mediation via TRPV4. 

The importance of serotonin in itch in humans remains 
controversial, as human mast cells contain only minute 
amounts of serotonin. However, given that patients with 
mastocytosis may have abnormal levels of serotonin, 
TRPV4 antagonists might be a promising treatment 
option for chronic itch (50). Novel studies have shown 
that serotonin may also induce chronic and acute itch 
by direct activation of the 5-HT7 receptor, expressed 
in cutaneous primary afferent sensory neurones (51). 
Within this process, the cation channel transient recep-
tor potential ankyrin 1 (TRPA1) seems to be critical for 
itch transmission. A mouse model of atopic dermatitis 
without HTR7 or TRPA1 showed a reduced tendency to 
scratch. Since serotonin can be released independently of 
histamine, antihistamines often did not reduce pruritus 
induced by serotonin. However, it seems that both 5-HT2 
and 5-HT7 receptor antagonists might be considered as 
new antipruritic treatment options in the future.

Proteases
Secretory granules of dermal mast cells store several 
serine proteinases: chymase, tryptase, and cathepsin-G. 
Histamine-independent pruritogens can mediate itch 
through G-protein-coupled PARs. PARs are expressed 
by primary sensory neurones, keratinocytes and immune 
cells, and are activated by proteases, the increased levels 
of which contribute to inflammation and pruritus. The 
expression and function of PARs differ between tissues 
and neural cells. PAR-2 is often increased in pruritic der-
matoses (52). In mice models, tryptase-evoked scratching 
behaviour was inhibited by genetic knockout of PAR-2 
(53). Tryptase is a prevalent protein that is released upon 
activation of mast cells and interacts with a PAR-2 on 
C-fibre endings (54, 55). Stimulation of PAR-2 leads to 
coactivation of TRPV1 channels and release of neuropep-
tides, including substance P and CGRP (52, 56, 57). In 
turn, this process enhances neurogenic inflammation and 
in consequence, increases pruritus. The serum tryptase 
level reflects the total burden of mast cells; thus, it was 
suggested as an important diagnostic marker for systemic 
mastocytosis (58).

Neuropeptides
Unmyelinated C-fibres and myelinated A-delta fibres 
have the ability not only to transmit nerve impulses to 
secondary neurones, but also to release secretory vesicles 
containing various neuropeptides (59). Neuropeptides 
represent a large class of important signalling molecules 
that participate in the communication between sensory 
neurones and effector cells. During neurogenic inflam-
mation, various mediators secreted by mast cells can alter 
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the function of the sensory nerves and increase the release 
of neuropeptides (60). Essential neuropeptides associa-
ted with neurogenic inflammation comprise substance 
P (SP), CGRP, ET-1, NGF and neurokinin A (NK-A).
Substance P. SP is a proinflammatory neuropeptide 
and endogenous pruritogen of afferent neurones in the 
peripheral and central nervous system. SP elicits pru-
ritus indirectly by activation of neurokinin-1 receptor 
(NK-1R) or Mas-related G protein coupled receptor-X2 
(MRGPRX2). These data suggest that the NK-1R anta-
gonist, aprepitant, might be a potential therapeutic option 
for itch in mastocytosis; however, this requires further 
investigation (61). Sensitization of mast cells leads to in-
creased production of tumour necrosis factor α (TNF-α), 
which further induces sensory nerve endings to release 
SP and thus creates a cycle of reciprocal activation. SP 
can induce the release of histamine, presumably only 
at high concentrations, and this reaction coexists with 
the wheal and flare reaction typically observed after 
histamine injections (62). Moreover, SP-positive nerve 
fibres can activate other cells, such as keratinocytes, 
endothelial cells, and immune cells, to produce other 
pruritogenic substances.
Calcitonin-gene related peptide. The sensitized periphe-
ral nerve endings, Langerhans cells, and keratinocytes 
have the ability to express CGRP, which is considered 
a potent vasodilator (63). Although its role in induction 
of pruritus remains controversial, CGRP can modulate 
itch sensation through the loop of neuro-immune acti-
vation. CGRP targets calcitonin receptor-like receptor/
receptor activity-modifying protein 1 (CALCRL/
RAMP1) expressed on mast cells, which stimulate them 
to degranulate histamine. On the other hand, the admi-
nistration of histamine induces the release of CGRP into 
the cerebrospinal fluid and the trigeminal ganglion (64). 
Interestingly, intradermal injection of CGRP elicits flare 
reaction, but never wheals, as in the case of histamine, 
even if CGRP is administrated after histamine.
Endothelin-1. Another neuropeptide that evokes histami-
ne-independent pruritus and was initially shown to have 
vasoactive and pro-inflammatory properties is ET-1 (65). 
This polypeptide has lots of regulatory functions and is 
involved in pathways of pain and inflammation (66). 
Upon stimulation, various cells can release ET-1, which 
elicits its biological effects via induction of 2 distinct 
receptors, endothelin A receptor (ETAR) present mainly 
on mast cells and sensory neurones, and endothelin B 
receptor (ETBR). Although ET-1 induces the release of 
mast cell mediators, itching after ET-1 administration is 
only partially mediated by histamine (67). Intradermal 
administration of ET-1 causes pruritus mediated through 
ETAR, as well as local erythema; however, without 
wheal, which is typical for histamine (68).
Nerve growth factor. NGF is the first discovered and 
well-characterized member of the neurotrophin family 

that accomplishes many regulatory functions. NGF has 
essential effects on the development and neurobiology 
of sensory nerves. Intradermal administration of NGF 
induces sensitization of nociceptors. Increased serum 
level of NGF was observed in patients with mastocytosis 
(69). In addition, in patients with atopic dermatitis, chron-
ic pruritus has been linked to increased levels of NGF 
(70). NGF lowers itch tolerance by neuronal elongation 
and indirectly aggravates pruritus. Increased levels of 
NGF along with a higher density of nerve fibres have 
also been shown in patients with contact dermatitis, 
suggesting a functional role in cutaneous inflammation 
(71). Moreover, activation of the NGF receptor tyrosine 
kinase TrkA on nociceptive neurones has been found 
in mice models as a trigger for systemic mastocytosis 
and potential player in the development of resistance to 
KIT-targeted therapy (72). 
Neurokinin A. NK-A belongs to the family of tachykinins 
that selectively binds to and activates GPCRs, including 
the NK1R. The NK1R is expressed on various cells, 
including mast cells, keratinocytes, fibroblasts, as well 
as in the superficial lamina I dorsal horn neurones of the 
spinal cord. Increased NK-1R expression was observed 
in patients with prurigo nodularis and chronic pruritus 
(73). Moreover, ablation of NK-1-expressing spinal 
neurones in rats inhibited acute and chronic itch (74). 
Whether NK-A plays a significant role in pruritus related 
to mastocytosis, has yet to be elucidated. 

Interleukin-31
Numerous studies have been carried out on the effects 
of different cytokines in the pathogenesis of pruritus 
(75). Research conducted by Hartmann et al. for the first 
time showed elevated levels of interleukin (IL)-31 in the 
serum of patients with mastocytosis (76). Moreover, it 
was noted that IL-31 level in serum is juxtaposed with 
disease severity, tryptase levels, and percentages of bone 
marrow infiltration in adult patients. Manifold data indi-
cate that IL-31 may also be the major trigger of pruritus 
in mastocytosis (77). Several cell types possessing the 
capacity of producing IL-31 have been described so far, 
including Th2 cells, mast cells, macrophages, and den-
dritic cells (78). Receptors for IL-31 reside on neurones 
of human dorsal root ganglions (79). Binding of IL-31 to 
its receptor activates JAK/STAT, PI3K/AKT and MAPK 
signalling cascades. Presently, the JAK2-STAT5 pathway 
is considered as the most valid for growth and survival 
of mast cells. It was hypothesized, that interference with 
the JAK2-STAT5 pathway may inhibit the degranulation 
of mast cells. Recent studies have shown that ruxolitinib, 
a novel JAK1/2 inhibitor, is effective in reducing cyto-
kine production and thus represents an interesting new 
treatment option that can potentially alleviate pruritus 
in mastocytosis (80).
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Mas-related G protein-coupled receptors
Members of the Mas-related G protein-coupled receptor 
(Mrgpr) family have been identified as mast cell recep-
tors fulfilling an integral role in mast cell degranula-
tion, sensory neurone activation, and non-histaminergic 
pruritus (81). However, many aspects of Mrgpr’s action 
in mediating an itch sensation remain unclear. The 
important role of a human G-protein coupled receptor, 
MRGPRX2, in the activation of mast cells through a non-
IgE mechanism is currently emphasized. MRGPRX2 has 
been shown to be activated by basic secretagogues, that 
promote degranulation independently from FcεRI. Meix-
iong et al. compared activation of mast cells via Mrgprb2 
and IgE-FcεRI, demonstrating the subsequent activation 
of different sets of itch sensory neurones (82). The above 
results explain why blocking the histamine H1R is not 
always effective in treating pruritus in mastocytosis, as 
alternate pathways may also play a significant role.

PRURITUS FROM A CLINICAL POINT OF VIEW 

In clinical practice, pruritus is a common symptom in pa-
tients with mastocytosis. The exact prevalence of pruritus 
in this disease has not been fully elucidated. However, 
in studies by Lange et al. pruritus was present in 65 of 
78 adult patients and in 68 of 100 paediatric patients 
with mastocytosis (77, 83). In another study, urticaria 
pigmentosa was found to be associated with generalized 
pruritus in 10 out of 30 patients (84). In addition, itch was 
described as a primary symptom in 42 of 67 paediatric 
patients with urticaria pigmentosa (85).

A key aspect of management of cutaneous mastocyto-
sis is the alleviation of mast cell-associated symptoms, 
including pruritus (86). The diversity of mediators makes 
the effective therapy of pruritus challenging (87). Patients 
should be instructed about potential mast cell degranu-
lating triggers, which can exacerbate the symptoms of 
mastocytosis, such as venoms, solar radiation, various 
food allergens, spicy spices, alcohol, selected drugs, 
infections, and emotional stress (88). Although antihista-
mines are not always effective, this group of medications 
remains an important first-line treatment strategy (89). 
The second-generation, non-sedating H1 antihistamines 
may be tried first to mitigate itch (86). To date, the effec-
tiveness of rupatadine in ameliorating mediator-related 
symptoms of mastocytosis has been documented in 
one randomized, double-blind and placebo-controlled, 
cross-over clinical trial, showing better control of mast 
cell mediator-related symptoms and improved patients’ 
quality of life in actively treated subjects (90). The dose 
of antihistamines can be increased four-fold, as in pa-
tients with urticaria, albeit the efficacy of such strategy 
was not verified in mastocytosis (91). In addition, several 
studies have shown that concomitant treatment with H1 
and H2 antihistamines can also be helpful in controlling 

intense pruritus (92). There is increasing evidence that 
suggests that selective H4 antihistamines may also have 
a therapeutic utility in patients with chronic pruritus, 
although further data are still required (35, 93).

In cases of persistence pruritus, narrow-band ultra-
violet B (NB-UVB) and UVA therapy, either alone 
or combined with oral psoralen, may be considered 
(94–96). In a study by Gobello et al., UVA1 photo-
therapy has been found to alleviate pruritus and induce 
long-term remission in most cases of adult patients with 
urticaria pigmentosa (97). Moreover, UVB may play an 
important role in the induction of mast cell apoptosis. 
Based on research by Szepietowski et al. (98), it can be 
hypothesized that NB-UVB phototherapy could be ef-
fective for several diseases dependent on the increased 
number of cutaneous mast cells. It is worth noting that 
uraemic pruritus, which is also associated with excessive 
proliferation of mast cells in the skin, can be effectively 
controlled with NB-UVB (99–101). There is emerging 
evidence that IL-31 plays a role in pruritus in patients 
with mastocytosis, suggesting that nemolizumab, a po-
tent anti-IL-31 mono clonal antibody, has the potential 
to be effective in this group of patients, albeit this sug-
gestion needs to be confirmed in clinical settings (102). 
Another treatment option for pruritus unresponsive 
to traditional therapies with antihistamines could be 
omalizumab, the anti-IgE monoclonal antibody, which 
might block mast cell activity (103). Interestingly, the 
NK-1 inhibitor, aprepitant, developed for the prevention 
of chemotherapy-induced nausea and vomiting, seemed 
to possess some antipruritic properties, as well as some 
other NK-1 inhibitors (serlopitant and tradipitant) might 
also provide some benefit in the treatment of pruritus 
(104–106). Nevertheless, in a multicentre, randomized, 
phase III trial, aprepitant did not show significant benefit 
over placebo in patients with chronic prurigo (107). In 
contrast, serlopitant was shown to significantly reduce 
pruritus in phase II trial in psoriasis (108). However, 
studies on serlopitant in prurigo nodularis have been 
stopped prematurely due to lack of statistically significant 
improvement in itch severity, despite the data showed 
a numerical advantage for serlopitant compared with 
placebo on the primary endpoint. 

There are currently several other promising compounds 
that have the potential to become potent antipruritic treat-
ments. Findings from a randomized, placebo-controlled, 
phase 3 study indicate that masitinib, an orally adminis-
tered tyrosine kinase inhibitor, could be an effective and 
well-tolerated agent (109). Lately, JAK inhibitors are be-
ing investigated for use in chronic itch. In 2 randomized, 
phase III clinical trials, tofacitinib significantly improved 
itching in patients with psoriasis (110, 111), whereas in 
a study on 5 patients with refractory, chronic, and idio-
pathic pruritus, treatment with oral tofacitinib markedly 
improved pruritus after only 1 month of treatment (112). 
Furthermore, topical tofacitinib was found to be effective 
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for treating pruritus in patients with atopic dermatitis 
(113). In addition, topical administration of tofacitinib 
and oclacitinib resulted in reduction of pruritus and 
inflammatory response in mouse models (114). Finally, 
ruxolitinib, another selective JAK inhibitor, which has 
been shown to inhibit mast cell degranulation, is also 
an interesting therapy option to alleviate pruritus (83).

In conclusion, the role of mast cells in the pathogenesis 
of pruritus in mastocytosis is complex. Proper manage-
ment of this disorder requires a deep comprehension of 
its molecular pathogenesis. A better understanding of 
the reciprocal crosstalk between mast cells, peripheral 
sensory nerves, and the exact role of different mediators 
in the pathogenesis of pruritus could bring new and more 
effective therapeutic strategies for this group of patients 
in the near future.
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