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A B S T R A C T

Systemic mastocytosis in various forms is characterized by mast cell (MC) infiltration of the bone marrow and
other internal organs. The most common form is the indolent one with life expectancy similar to the normal
population, while the systemic aggressive myeloproliferative type presents serious damage to various organs and
is associated with mature and immature atypical mast cells. In systemic mastocytosis patients, MCs could be
activated with consequent severe anaphylactic reactions, along with other symptoms. MCs, which are reactive to
a variety of external factors such as allergens or other inflammatory or physical stimuli, derive from pluripotent
cellular progenitor CD34+ which leaves the bone marrow as CD34+/CD17+ for implantation in the tissues
where they reach maturation. MCs participate in the innate and adaptive immune system where they play a role
in host defense. Activation of MCs occurs through the binding of IgE to FcεRI receptor, and initiates the phos-
phorylation and activation of the p38 tyrosine MAP kinase. After various reactions there is a subsequent
translation and generation of pro-inflammatory cytokines which are strongly linked to allergic inflammation and
mastocytosis. Human cytokine interleukin-37 (IL-37), a unique IL-1β family member, has strong protective and
anti-inflammatory properties, influencing cellular metabolism. We investigated the effect of IL-37 on in-
flammation in mastocytosis and report that the hematopoietic expression of IL-37 can reduce the inflammatory
state in this disease. IL-37 limits excessive inflammation, which suggests that IL-37 may be beneficial to the
metabolic and inflammatory process and is a candidate as a potential new therapeutic agent.

1. Introduction

1. Mastocytosis, described for the first time about two centuries ago
(by Nettleship and Tay), includes several disorders characterized by an
excessive generation of clonal expansion mast cells (MCs), which occur
in tissues such as bone marrow, liver, skin, spleen (Austen, 1992).
Mastocytosis presents a mutation of the KIT gene that encodes the
tyrosine kinase receptor protein CD117, resulting in abnormal differ-
entiation and survival of MCs. The disease includes various forms of MC
disorders, with myeloproliferative activity and sometimes with skin
lesions with a severe clinical course (Theoharides et al., 2015). Mas-
tocytosis can have varying degrees of aggression ranging from mild to
severe (Metcalfe, 1991). The pathological severity of this disease is

revealed by the presence of serum levels of tryptase and alkaline
phosphatase and can especially affect the liver and spleen accompanied
by fibrosis (Metcalfe, 1991). In systemic mastocytosis (SM), which
mostly occurs in adults, MCs, as well as other cells, such as B lym-
phocytes, dendritic cells, epithelial cells and natural killer cells, affect
micro-vessels containing nucleic acids and a large number of exosomes
influencing the immune responses and the physiological state of the
affected tissues contributing to the pathological state. In mastocytosis
there are many clinical manifestations affecting several organs due to
inflammatory mediators, including cytokines released by MCs, which
mediate the disease (Deb and Tefferi, 2003).

Furthermore, it has been seen that these phenomena influence the
formation of cancer cells with severe pathological consequences
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(Volertas et al., 2018). Inflammation can influence both the formation
of cancer cells and their behavior, even if at the moment the real rea-
sons that can influence the formation of cancer cells still remain ob-
scure.

The accumulation of neoplastic MCs is more frequent in the bone
marrow, while the skin is less involved (Volertas et al., 2018). The
understanding of this disease has evolved with the study of stem cell
factor which binds to the KIT receptor and it is critical for human MC
development and survival (Gotlib et al., 2016). Therefore, KIT receptor
is an important target in mastocytosis, where there is a somatic muta-
tion of this gene, even in the absence of its SCF ligand.

2. Mast cell and mastocytosis

Mastocytosis can be classified according to various parameters
(according to D.D. Metcalfe, 1991) (Metcalfe, 1991) some of which
include blood data, molecular markers (such as CD), tryptase assays,
and KIT study. The illness can present in more aggressive and less ag-
gressive forms, and the prognosis can differ among the various forms
(Azaña et al., 2016). In mastocytosis, MCs express CD2 and CD25 re-
ceptors related to lymphomas and not expressed in normal MCs
(Brockow and Metcalfe, 2010).

There are two forms of MC leukemia (MCL), a less frequent one
presenting more than 10% of MCs compared to the total white blood
cells, and a non-leukaemic (MLC) with less than 10% (Brockow and
Metcalfe, 2010). MLC is also divided into acute and chronic, where the
acute is more severe and involves the organs, while the chronic is less
aggressive and does not affect the organs (Metcalfe, 1991). The less
severe forms can have a good prognosis and the subjects can have an
almost normal life, while the more serious forms can lead to death.

Many clinical experimental therapies have been carried out and are
being studied in mastocytosis. One of these is based on progenitor stem
cells and oncogene KIT, considered a crucial therapeutic target, and this
can open new ways of treatment (El-Agamy, 2012). Moreover, a
number of molecular and biochemical pathways are studied focusing on
KIT-dependent oncogenesis, and on the analysis of tyrosine-protein
kinase and STAT, but the results are not yet defined. In fact, this dis-
order is a pathological phenomenon which still has many dark sides.

3. Mast cells

MCs are granular immunocytes generated by a pluripotent cellular
progenitor CD34+ which leaves the bone marrow as CD34+/CD17+ for
implantation in the tissues where they reach maturation (Wilcock et al.,
2018; Galli et al., 2005). Both immature and mature cells have many
receptors including those of cytokines and chemokines (Galli et al.,
2005). MCs are specialized secretory cells of the innate immune system
that play an important role in host defense (Conti et al., 2007). MCs
mature and reside in vascularized tissues and serous cavities, where
they interact with the environment (Theoharides et al., 2004). They are
strongly linked to the pathology of allergic diseases, which can also lead
to anaphylaxis and they can also participate in host defense as com-
ponents of T helper cell type 2 immune responses (Tettamanti et al.,
2018a,b).

It is well known that MCs play a role as critical effector cells in
inflammatory reactions and acute IgE-mediated allergic diseases, but
also other molecules can activate MC receptors, such as c-KIT, Toll-like
receptors (TLRs), interleukin (IL)-33, IL-1, neurotransmitters such as
substance p and CRH, etc. (Theoharides et al., 2004). IL-1, associated
with innate immunity, and TLR families share similar functions.

MCs can be activated through various receptors when they are ex-
posed to the corresponding ligands. Activation occurs when antibody
IgE bound to surface FcεRI receptors and cross-linking multivalent
antigens, or when immune complexes bind to Fcγ receptors
(Theoharides et al., 2007).

The classic activation of MCs in vitro occurs when the IgE binds to its

FcεRI receptor at a very high affinity (1× 1010 M−1). This receptor is
expressed on MCs and it is formed by one alpha, four beta, and two
gamma subunits (Galli et al., 2005). The gamma sub-units initiate the
reaction that is amplified by the beta sub-units. Stimulation of MC oc-
curs through binding of the antibody to the antigen, such as the al-
lergen, with the initiation of phosphorylation and activation of Src, Syk,
and Tec family protein tyrosine kinases. Through phosphorylation,
many molecules are recruited with the activation of phospholipase Cγ
(PLCγ) and protein kinase C (PKC) (Galli et al., 2005). PLCγ regulates
the release of intracellular Ca ++, while PKC hydrolyses membrane
phospholipids with inositol 1,4,5-trisphosphate (IP3) and diacylglycerol
(DAG) formation. Subsequently, there is the formation of mitogen-ac-
tivated protein kinase (MAPK), extracellular signal-regulated kinase
(ERK), c-Jun N-terminal kinase (JNK) and p38 MAPK, which are in-
volved in transcription, and the biochemical pathway that includes
MAPK leads to the transcription and generation of cytokines. In addi-
tion, the activation of PLA2 leads to the formation of arachidonic acid
metabolites: prostaglandins, and leukotrienes (Galli et al., 2005).

MCs play an important role in many inflammatory diseases in-
cluding allergies, asthma, atherosclerosis, and psoriasis. (Valent et al.,
2017).

MCs produce a number of cytokines that contribute to inflammation
(Theoharides et al., 2004). Cytokines act through their cellular re-
ceptors and begin the kinase signal transduction inside the cell, an ef-
fect that mediates a wide range of diseases (Sismanopoulos et al.,
2013).

The accumulation of MCs in mastocytosis, in particular in the skin,
lymph nodes and bone marrow, play a pathological role, including in-
flammation, and their proliferation is due to the mutation of the on-
cogen c-KIT responsible for the encoding of the SCF receptor
(Theoharides and Conti, 2004). Both pro- and anti-inflammatory cyto-
kines and chemokines participate in these reactions (Petra et al., 2014).
However, the mechanism(s) in these cells are still unclear, since the
results obtained to date are not coming from the direct study on MCs.

The scientific literature is a little scarce in articles concerning the
cytokines/chemokines released in mastocytosis because there are not
direct study of MCs (Nowicki, 2014). In particular in mastocytosis,
HMC-1 migrate under the action of different compounds including
complement factors C3a, C5a, C1q, histamine, leukotrienes, and TNF
cytokine, TGF-β1, VEGF, PGDF, SCF, IL-3, IL-4, IL-6, IL-15, IL-16 and
IL-18 mediating inflammation (Nedoszytko et al., 2015).

Some authors have based their work on in vitro cell lines such as
HMC-1 which are leukaemic MCs, where it has been seen that they can
generate both chemokines and cytokines, including their receptors, thus
fueling the inflammatory process. The reason that these authors use
HMC-1 is because they assume that the responses of this cell line may
reflect those of human MCs, even though it is not really correct (Min
et al., 2007).

MC-release and secretion products contribute in many pathological
processes, but there are no clinical studies evaluating the therapeutic
effect in the treatment of MC-mediated diseases. Therefore, the specific
inhibition of the powerful inflammatory cytokines would be of great
help for a targeted therapeutic action. In this paper we studied the pro-
inflammatory cytokines IL-1 family members and their eventual in-
hibition, proposing IL-37 as a therapeutic immune cytokine to be added
to the classic mastocytosis treatments (Fig. 1).

4. Activated MCs release IL-33 and IL-1

4.1. Interleukin-33

MC IL-1 activation and production in vitro, can exert both autocrine
and paracrine actions and its signals take place in many clinical in-
flammatory diseases including skin allergies, asthma and mastocytsis,
where other immune cells participate, exacerbating the pathological
state (Mendonca et al., 2017). The activation of pattern recognition
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receptors (PRRs) increases the expression of pro-IL-1β that will be
transformed into mature and active forms of IL-1β by the inflamma-
some named NOD-like receptor family pyrin domain-containing-3
(NLRP3) (Jin and Flavell, 2010). As previously stated, IL-1β is a good
inducer of MC and increases the gene expression and protein release of
IL-33 in vitro (Taracanova et al., 2018).

The cytokine IL-33 genes and those of its ST2 receptor (IL-1R4) have
recently been identified as susceptibility genes in studies of allergic
diseases (Tettamanti et al., 2018a,b). The binding of IL-33 to its ST2
receptor leads to activation of the MyD88 and IRAK-4 metabolic
pathway with an increase in Th2 cytokines and, therefore, of the al-
lergic reaction where an increase and degranulation of MCs are in-
volved (Shik et al., 2017).

Recently it was reported that MyD88 may be inhibited by IL-37, a
cytokine member of the IL-1 family, with potential therapeutic effect on
inflammatory disorders (Zhan et al., 2017). Thus clinically blocking IL-
1 would have a significant curative effect on inflammation (Conti et al.,
2018a,b,c; Varvara et al., 2018).

4.2. Interleukin-1

IL-1β is elevated in inflammatory diseases and is very important for
the development of acute and chronic inflammation including auto-
immune disease, where MCs play a role (Dinarello, 2009). In addition,
the proinflammatory cytokine IL-1 regulates gene expression of other
inflammatory mediators (Gallenga et al., 2019). Therefore, in experi-
mental studies, IL-1β has a stimulatory effect on MCs, leading to the
generation of proinflammatory cytokines (Kandere-Grzybowska et al.,
2003). In fact, in vitro this interleukin stimulates and activates MCs to
secrete IL-6 without degranulation.

Stimulation of MCs with a specific Ag with IgE bound to its high-
affinity receptor, FcεRI causes the release of the granule-associated MC

protease, tryptase, and other pro-inflammatory mediators, and an in-
crease in intracellular levels of calcium ions; while IL-1β stimulates MCs
without any effect on intracellular calcium (Metcalfe, 1991; Georgilis
et al., 1987). The pro-inflammatory cytokines of the IL-1 family injected
experimentally into the skin trigger a series of inflammatory reactions
(Schlapbach and Simon, 2014). Moreover, since IL-1β induces the ex-
pression of its own genes, which serves as a positive-feedback loop that
amplifies the IL-1 response in an autocrine or paracrine manner (Ghezzi
and Dinarello, 1988), and also stimulates other pro-inflammatory cy-
tokines, such as TNF in macrophages and mast cells, it is likely that IL-
37, besides having an inhibitory action on IL-1β, is also capable of in-
hibiting other pro-inflammatory cytokines that mediate mastocytosis.
In mastocytosis there is involvement of MCs producing cytokines and
increased levels of tryptase (Pardanani, 2015). Experimental in-
flammatory infiltrative diseases of the skin, similar to mastocytosis,
present urticarial skin rash with recurrent fever, elevated CRP and
leukocytosis, and are mediated by IL-1β, an effect that is inhibited by
IL-1Ra (Nasti and Timares, 2012). In addition, in skin inflammation,
keratinocytes produce IL-1β and IL-18 which activate the inflammatory
process, Th2 and IgE-mediated responses (Corsini and Galli, 1998). On
the other hand, agonists that activate Toll-like Receptor (TLR) on
dendritic cells promote Th0 and Th1 responses, which are sources of
pro-inflammatory cytokines. Even in these cases, blocking IL-1β could
have a notable therapeutic effect against skin diseases including mas-
tocytosis (Caraffa et al., 2018).

Blocking IL-1β with IL-37 could induce an important and new
clinical response (Kritas et al., 2018).

5. Interleukin-37

IL-37 (also called IL-1F7) is a human cytokine, member of the IL-1
family, with anti-inflammatory properties (Cavalli and Dinarello,

Fig. 1. Neoplastic mast cell proliferation participating in mastocytosis.
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2018). There are 5 types of IL-37 ranging from “a” to “e”, of which IL-
37b is the most effective and studied in vitro and in mice, so in this
article we discuss only IL-37b (Dinarello et al., 2016). IL-37, which is
not expressed in mouse but only in human, is generated in peripheral
blood mononuclear cells (PBMC) and in other different tissues, with an
inhibitory activity on innate and acquired immunity (Garlanda et al.,
2013). However, a specific receptor for IL-37 has not yet been identified
(Ballak et al., 2018). IL-37 is stimulated in vitro by bacteria and their

products, such as lipopolysaccharide (LPS), and is elevated in experi-
mental and clinical inflammatory diseases, with an action opposed to
pro-inflammatory IL-1 family cytokines (Conti et al., 2018a,b,c). IL-37
is made as a precursor (pro-IL-37) cleaved by caspase-1 into mature IL-
37, of which some enter the nucleus and the rest is released along with
the pro-IL-37 outside the cells (Cavalli and Dinarello, 2018). However,
the precise inhibitor mechanism(s) of action of IL-37 is presently un-
known (Conti et al., 2019).

Activation of IL-37 leads to anti-inflammatory pathways with an
increase of several compounds including STAT3 and 6, FoxO tran-
scription factors, AMPK gene and protein expression; and a reduction of
NF-kB pathways, AP-1 family members, c-Jun, p38 MAPK, and pERK
(Mastrangelo et al., 2018). In addition, IL-37 promotes tolerogenic
dendritic cells, an increase of Treg CD4+ cells, and IL-10 production
(Cavalli and Dinarello, 2018) (Fig. 2).

IL-37 has the ability to act on the metabolism of immune cells and to
reduce the production of cytokines induced by TLR4 activation and IL-1
(Dinarello et al., 2016). It has been reported that IL-37 exerts a re-
markable anti-inflammatory action in many experimental and clinical
diseases including those mediated by MCs, such as allergy, athero-
sclerosis, asthma, allograft rejection, migraine, obesity, fibrosis, en-
dotoxemia, ischemic liver disease, acute lung injury, experimental co-
litis, myocardial infarction, spinal cord injury, cancer and type 2
diabetes (Hoeke et al., 2017; Sakai et al., 2012; Conti et al., 2018a,b,c;
Coll-Miró et al., 2016). Moreover, the transgenic expression of IL-37
and the administration of exogenous IL-37, protect from inflammatory
disorders (Coll-Miró et al., 2016).

6. Conclusion

In mastocytosis there is an activation of the MCs ((Theoharides
et al., 2019)) with production of chemokines and pro-inflammatory
cytokines including IL-1β which is strongly inhibited by IL-37.

In this disorder, activation of the MCs lead to the production of pro-
inflammatory IL-1β, which is inhibited by IL-37 (Fig. 3). IL-37 binds to
the IL-18Rα receptor, blocks MyD88 and down regulates IL-1β.
Therefore, inhibition of IL-37 on pro-inflammatory cytokines exerts a

Fig. 2. IL-37 is released by activated TLR 2, 4 macrophages, both IL-37 pre-
cursor and mature bind IL-18Rα. A pro-IL-37 is cleaved by caspase-1 into ma-
ture IL-37, some of which enters to the nucleus and the rest is released along
with pro-IL-37 outside the cell. Extra cellular protease can then process pro-IL-
37 into a much more biologically active form which inhibits cytokine genes
expression and innate inflammation.

Fig. 3. Activated macrophages by TRL2/4
lead to proinflammatory cytokine med-
iating inflammation and participating in
mastocytosis, an effect inhibited by IL-37.
Moreover, macrophage-derived IL-1 in-
duces mast cell activation without de-
granulation, and therefore provokes the re-
lease of proinflammatory cytokines and
MCP-1 chemokine.
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beneficial action in mastocytosis.
In the present article, we propose for the first time IL-37 as a pos-

sible therapeutic cytokine suppressor of inflammation induced by IL-
1β-derived MCs in mastocytosis. However, at the moment we do not
know whether IL-37 only reduces inflammation or if it also influences
the development and the course of mastocytosis.

Disclosure

All authors report no conflict of interest relevant to this article.

Funding

None. This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

Austen, K.F., 1992. Systemic mastocytosis. N. Engl. J. Med. 326 (9), 639–640.
Azaña, J.M., Torrelo, A., Matito, A., 2016. Update on mastocytosis (Part 2): categories,

prognosis, and treatment. Actas Dermosifiliogr 107 (1), 15–22.
Ballak, D.B., Li, S., Cavalli, G., Stahl, J.L., et al., 2018. Interleukin-37 treatment of mice

with metabolic syndrome improves insulin sensitivity and reduces pro-inflammatory
cytokine production in adipose tissue. J. Biol. Chem. 293 (37), 14224–14236.

Brockow, K., Metcalfe, D.D., 2010. Mastocytosis. Chem. Immunol. Allergy 95, 110–124.
Caraffa, A., Conti, C., Ovidio, C.D., Gallenga, C.E., Tettamanti, L., Mastrangelo, F.,

Ronconi, G., Kritas, S.K., Conti, P., 2018. New concepts in neuroinflammation: mast
cells pro-inflammatory and anti-inflammatory cytokine mediators. J. Biol. Regul.
Homeost. Agents 32 (3), 449–454.

Cavalli, G., Dinarello, C.A., 2018. Suppression of inflammation and acquired immunity by
IL-37. Immunol. Rev. 281 (1), 179–190.

Coll-Miró, M., Francos-Quijorna, I., Santos-Nogueira, E., et al., 2016. Beneficial effects of
IL-37 after spinal cord injury in mice. Proc. Natl. Acad. Sci. U. S. A. 113 (5),
1411–1416.

Conti, P., Youinou, P., Theoharides, T.C., 2007. Modulation of autoimmunity by the latest
interleukins (with special emphasis on IL-32). Autoimmun. Rev. 6 (3), 131–137.

Conti, P., Caraffa, A., Mastrangelo, F., Tettamanti, L., Ronconi, G., Frydas, I., Kritas, S.K.,
Theoharides, T.C., 2018a. Critical role of inflammatory mast cell in fibrosis: potential
therapeutic effect of IL-37. Cell Prolif 51 (5), e12475.

Conti, P., Caraffa, A., Ronconi, G., Kritas, S.K., Mastrangelo, F., Tettamanti, L., Frydas, I.,
Theoharides, T.C., 2018b. Mast cells participate in allograft rejection: can IL-37 play
an inhibitory role? Inflamm. Res. 67 (9), 747–755.

Conti, P., Ronconi, G., Kritas, S.K., Caraffa, A., Theoharides, T.C., 2018c. Activated mast
cells mediate low-grade inflammation in type 2 diabetes: interleukin-37 could be
beneficial. Can. J. Diabetes 42 (5), 568–573.

Conti, P., D'Ovidio, C., Conti, C., Gallenga, C.E., Lauritano, D., Caraffa, A., Kritas, S.K.,
Ronconi, G., 2019. Progression in migraine: role of mast cells and pro-inflammatory
and anti-inflammatory cytokines. Eur. J. Pharmacol. 844, 87–94. https://doi.org/10.
1016/j.ejphar.2018.12.004. Epub 2018 Dec 6. Review.

Corsini, E., Galli, C.L., 1998. Cytokines and irritant contact dermatitis. Toxicol. Lett.
102–103, 277–282 Review.).

Deb, A., Tefferi, A., 2003. Images in clinical medicine. Systemic mastocytosis. N. Engl. J.
Med. 349 (7), e7.

Dinarello, C.A., 2009. Immunological and inflammatory functions of the interleukin-1
family. Annu. Rev. Immunol. 27, 519–550.

Dinarello, C.A., Nold-Petry, C., Nold, M., Fujita, M., Li, S., Kim, S., Bufler, P., 2016.
Suppression of innate inflammation and immunity by interleukin-37. Eur. J.
Immunol. 46 (5), 1067–1081.

El-Agamy, D.S., 2012. Targeting c-kit in the therapy of mast cell disorders: current up-
date. Eur. J. Pharmacol. 690 (1–3), 1–3.

Gallenga, C.E., Pandolfi, F., Caraffa, A., Kritas, S.K., Ronconi, G., Toniato, E., Martinotti,
S., Conti, P., 2019. Interleukin-1 family cytokines and mast cells: activation and in-
hibition. J. Biol. Regul. Homeost. Agents 33 (1), 18 pii: 14. [Epub ahead of print].

Galli, S.J., Kalesnikoff, J., Grimbaldeston, M.A., Piliponsky, A.M., Williams, C.M., Tsai,
M., 2005. Mast cells as "tunable" effector and immunoregulatory cells: recent ad-
vances. Annu. Rev. Immunol. 23, 749–786 (Review.

Garlanda, C., Dinarello, C.A., Mantovani, A., 2013. The interleukin-1 family: back to the
future. Immunity 39 (6), 1003–1018.

Georgilis, K., Schaefer, C., Dinarello, C.A., Klempner, M.S., 1987. Human recombinant
interleukin 1 beta has no effect on intracellular calcium or on functional responses of
human neutrophils. J. Immunol. 138 (10), 3403–3407.

Ghezzi, P., Dinarello, C.A., 1988. IL-1 induces IL-1. III. Specific inhibition of IL-1 pro-
duction by IFN-gamma. J. Immunol. 140 (12), 4238–4244.

Gotlib, J., Kluin-Nelemans, H.C., George, T.I., et al., 2016. Efficacy and safety of mid-
ostaurin in advanced systemic mastocytosis. N. Engl. J. Med. 374 (26), 2530–2541.

Hoeke, G., Khedoe, P.P.S.J., van Diepen, J.A., et al., 2017. The effects of selective he-
matopoietic expression of human IL-37 on systemic inflammation and atherosclerosis
in LDLr-deficient mice. Int. J. Mol. Sci. 18 (8), E1672. https://doi.org/10.3390/
ijms18081672. pii.

Jin, C., Flavell, R.A., 2010. Molecular mechanism of NLRP3 inflammasome activation. J.
Clin. Immunol. 30 (5), 628–631.

Kandere-Grzybowska, K., Letourneau, R., Kempuraj, D., Donelan, J., Poplawski, S.,
Boucher, W., Athanassiou, A., Theoharides, T.C., 2003. IL-1 induces vesicular se-
cretion of IL-6 without degranulation from human mast cells. J. Immunol. 171 (9),
4830–4836.

Kritas, S.K., Gallenga, C.E., Ovidio, C.D., Ronconi, G., Caraffa, A., Toniato, E., Lauritano,
D., Conti, P., 2018. Impact of mold on mast cell-cytokine immune response. J. Biol.
Regul. Homeost. Agents 32 (4), 763–768.

Mastrangelo, F., Frydas, I., Ronconi, G., Kritas, S.K., Tettamanti, L., Caraffa, A., D Ovidio,
C., Younes, A., Gallenga, C.E., Conti, P., 2018. Low-grade chronic inflammation
mediated by mast cells in fibromyalgia: role of IL-37. J. Biol. Regul. Homeost. Agents
32 (2), 195–198.

Mendonca, L.O., Malle, L., Donovan, F.X., et al., 2017. Deficiency of interleukin-1 re-
ceptor antagonist (DIRA): report of the first Indian patient and a novel deletion af-
fecting IL1RN. J. Clin. Immunol. 37 (5), 445–451.

Metcalfe, D.D., 1991. Classification and diagnosis of mastocytosis: current status. J.
Investig. Dermatol. 96 (3 Suppl. l), 2S–4S discussion 4S, 60S-65S.

Min, Y.D., Choi, C.H., Bark, H., Son, H.Y., Park, H.H., Lee, S., Park, J.W., Park, E.K., Shin,
H.I., Kim, S.H., 2007. Quercetin inhibits expression of inflammatory cytokines
through attenuation of NF-kappaB and p38 MAPK in HMC-1 human mast cell line.
Inflamm. Res. 56 (5), 210–215.

Nasti, T.H., Timares, L., 2012. Inflammasome activation of IL-1 family mediators in re-
sponse to cutaneous photodamage. Photochem. Photobiol. 88 (5), 1111–1125.

Nedoszytko, B., Sokołowska-Wojdyło, M., Ruckemann-Dziurdzińska, K., Roszkiewicz, J.,
Nold-Petry, C.A., Lo, C.Y., Rudloff, I., et al., 2015. IL-37 requires the receptors IL-
18Rα and IL-1R8 (SIGIRR) to carry out its multifaceted anti-inflammatory program
upon innate signal transduction. Nat. Immunol. 16 (4), 354–365. https://doi.org/10.
1038/ni.3103. Epub 2015 Mar 2.

Nowicki, R.J., 2014. Chemokines and cytokines network in the pathogenesis of the in-
flammatory skin diseases: atopic dermatitis, psoriasis and skin mastocytosis. Postepy
Dermatol. Alergol. 31 (2), 84–91.

Pardanani, A., 2015. Systemic mastocytosis in adults: 2015 update on diagnosis, risk
stratification, and management. Am. J. Hematol. 90 (3), 250–262.

Petra, A.I., Panagiotidou, S., Stewart, J.M., Conti, P., Theoharides, T.C., 2014. Spectrum
of mast cell activation disorders. Expert Rev. Clin. Immunol. 10 (6), 729–739.

Sakai, N., Van Sweringen, H.L., Belizaire, R.M., et al., 2012. Interleukin-37 reduces liver
inflammatory injury via effects on hepatocytes and non-parenchymal cells. J.
Gastroenterol. Hepatol. 27 (10), 1609–1616.

Schlapbach, C., Simon, D., 2014 Dec. Update on skin allergy. Allergy 69 (12), 1571–1581.
Shik, D., Tomar, S., Lee, J.B., Chen, C.Y., Smith, A., Wang, Y.H., 2017. IL-9-producing

cells in the development of IgE-mediated food allergy. Semin. Immunopathol. 39 (1),
69–77.

Sismanopoulos, N., Delivanis, D.A., Mavrommati, D., Hatziagelaki, E., Conti, P.,
Theoharides, T.C., 2013. Do mast cells link obesity and asthma? Allergy 68 (1), 8–15.

Taracanova, A., Tsilioni, I., Conti, P., Norwitz, E.R., Leeman, S.E., Theoharides, T.C.,
2018. Substance P and IL-33 administered together stimulate a marked secretion of
IL-1β from human mast cells, inhibited by methoxyluteolin. Proc. Natl. Acad. Sci. U.
S. A. 115 (40), E9381–E9390.

Tettamanti, L., Caraffa, Al, Mastrangelo, F., Ronconi, G., Kritas, S., Frydas, I., Conti, P.,
2018a. Different signals induce mast cell inflammatory activity: inhibitory effect of
Vitamin E. J. Biol. Regul. Homeost. Agents 32 (1), 13–19.

Tettamanti, L., Kritas, S.K., Gallenga, C.E., D'Ovidio, C., Mastrangelo, F., Ronconi, G.,
Caraffa, A., Toniato, E., Conti, P., 2018b. IL-33 mediates allergy through mast cell
activation: potential inhibitory effect of certain cytokines. J. Biol. Regul. Homeost.
Agents 32 (5), 1061–1065.

Theoharides, T.C., Conti, P., 2004. Mast cells: the Jekyll and Hyde of tumor growth.
Trends Immunol. 25 (5), 235–241.

Theoharides, T.C., Donelan, J.M., Papadopoulou, N., Cao, J., Kempuraj, D., Conti, P.,
2004. Mast cells as targets of corticotropin-releasing factor and related peptides.
Trends Pharmacol. Sci. 25 (11), 563–568 Review.

Theoharides, T.C., Kempuraj, D., Tagen, M., Conti, P., Kalogeromitros, D., 2007.
Differential release of mast cell mediators and the pathogenesis of inflammation.
Immunol. Rev. 217, 65–78.

Theoharides, T.C., Tsilioni, I., Ren, H., 2019. Recent advances in our understanding of
mast cell activation – or should it be mast cell mediator disorders? Expert Rev. Clin.
Immunol. 15 (6), 639–656.

Theoharides, T.C., Valent, P., Akin, C., 2015. Mast cells, mastocytosis, and related dis-
orders. N. Engl. J. Med. 373 (2), 163–172.

Valent, P., Akin, C., Hartmann, K., Nilsson, G., et al., 2017. Advances in the classification
and treatment of mastocytosis: current status and outlook toward the future. Cancer
Res. 77 (6), 1261–1270.

Varvara, G., Tettamanti, L., Gallenga, C.E., Caraffa, A., D'Ovidio, C., Mastrangelo, F.,
Ronconi, G., Kritas, S.K., Conti, P., 2018. Stimulated mast cells release inflammatory
cytokines: potential suppression and therapeutical aspects. J. Biol. Regul. Homeost.
Agents 32 (6), 1355–1360.

Volertas, S., Schuler 4th, C.F., Akin, C., 2018. New Insights into clonal mast cell disorders
including mastocytosis. Immunol. Allergy Clin. N. Am. 38 (3), 341–350.

Wilcock, A., Bahri, R., Bulfone-Paus, S., Arkwright, P.D., 2018. Mast cell disorders: from
infancy to maturity. Allergy. https://doi.org/10.1111/all.13657.

Zhan, Q., Zeng, Q., Song, R., Zhai, Y., Xu, D., Fullerton, D.A., Dinarello, C.A., Meng, X.,
2017. IL-37 suppresses MyD88-mediated inflammatory responses in human aortic
valve interstitial cells. Mol. Med. 23, 83–91.

P. Conti, et al. European Journal of Pharmacology 858 (2019) 172473

5

http://refhub.elsevier.com/S0014-2999(19)30425-X/sref1
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref2
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref2
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref3
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref3
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref3
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref4
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref5
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref5
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref5
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref5
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref6
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref6
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref7
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref7
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref7
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref8
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref8
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref9
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref9
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref9
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref10
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref10
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref10
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref11
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref11
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref11
https://doi.org/10.1016/j.ejphar.2018.12.004
https://doi.org/10.1016/j.ejphar.2018.12.004
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref13
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref13
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref14
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref14
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref15
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref15
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref16
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref16
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref16
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref17
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref17
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref18
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref18
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref18
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref19
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref19
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref19
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref20
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref20
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref21
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref21
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref21
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref22
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref22
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref23
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref23
https://doi.org/10.3390/ijms18081672
https://doi.org/10.3390/ijms18081672
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref25
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref25
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref26
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref26
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref26
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref26
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref27
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref27
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref27
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref28
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref28
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref28
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref28
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref29
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref29
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref29
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref30
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref30
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref31
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref31
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref31
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref31
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref32
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref32
https://doi.org/10.1038/ni.3103
https://doi.org/10.1038/ni.3103
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref34
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref34
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref34
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref35
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref35
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref36
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref36
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref37
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref37
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref37
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref38
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref39
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref39
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref39
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref40
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref40
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref41
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref41
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref41
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref41
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref42
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref42
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref42
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref43
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref43
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref43
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref43
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref44
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref44
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref45
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref45
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref45
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref46
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref46
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref46
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref47
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref47
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref47
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref48
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref48
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref49
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref49
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref49
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref50
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref50
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref50
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref50
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref51
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref51
https://doi.org/10.1111/all.13657
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref53
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref53
http://refhub.elsevier.com/S0014-2999(19)30425-X/sref53

	New insight into systemic mastocytosis mediated by cytokines IL-1β and IL-33: Potential inhibitory effect of IL-37
	Introduction
	Mast cell and mastocytosis
	Mast cells
	Activated MCs release IL-33 and IL-1
	Interleukin-33
	Interleukin-1

	Interleukin-37
	Conclusion
	Disclosure
	Funding
	References




