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cross-talk and cooperate, amplifying inflammatory
disorders including PsA. In fact, macrophages
generate IL-1 and IL-33 which induce NF-kB and
MAPK and activate MCs to release TNF, IL-6 and
other pro-inflammatory cytokines/chemokines. In
this paper, we report an important inhibitory effect
of IL-37 on MC pro-inflammatory cytokine generation. IL-37 strongly suppresses pro-inflammatory
cytokines, including IL-33 and TNF, in MCs activated by IL-1 in psoriatic plaques. This effect
describes the importance of IL-37 in the pathogenesis of PsA, mediated by MCs and highlights new
therapeutic strategies.
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In 1986 we reported that IL-1 is a key mediator of host
response to various infectious, inflammatory, neoplastic,
and immunologic challenges (1). In the same year,
Camp et al. (2) suggested that interleukin 1 plays an
important role in the pathogenesis of psoriasis (PsA) (3).
In 1989, Dinarello’s group found that IL-1 activity is
present in a keratinocyte cell line supernatant, and
that UVB therapy induces circulating IL-1 which may
originate from both keratinocyte and non-keratinocyte
sources (4).
The IL-1 family is a growing group of cytokines with
both pro- and anti-inflammatory properties involved
in immune disorders and inflammation, including PsA
(4, 5).
PsA is a common immune-mediated chronic inflammatory skin disease, characterized by skin inflammation, that occurs in 2 to 3% of the worldwide population (6, 7). Approximately 30% of PsA patients is
affected by psoriatic arthritis (8). PsA is a chronic
relapsing autoimmune disorder which presents excessive keratinocyte proliferation, abnormal differentiation, elevated mast cell (MC) number, enhanced type
I IFN, angiogenesis and over-expression of several
chemokines and cytokines which contribute to the disease pathogenesis (9). PsA is an inflammatory cutaneous, immune-mediated, and multi-factorial skin disorder, characterized by psoriatic plaques (10).
Moreover, PsA is associated with increased risk of
depression, cardiovascular disease and arthritis (11).
In PsA, cytokines and chemokines generated by MCs
and other immune cells, including keratinocytes,
cause the recruitment of leukocytes mediating inflammation (12). The disease is mediated by cross-talk
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Summary

Psoriasis (PsA) is an autoimmune skin disease
characterized by an excessive keratinocyte proliferation, abnormal differentiation, angiogenesis,
over-expression of several cytokines/chemokines
and elevated mast cell (MC) number. MCs in PsA
mediate the chronic inflammation of the skin, contributing to the disease pathogenesis. MCs are
usually associated to immediate hypersensitivity
and allergic disorders and play an important role
in innate and acquired immunity. They respond to
many different stimuli including cytokines [interleukin (IL)-1 and IL-33], and microbes and their
products (LPS) which bind TLR-4, leading to and
causing the generation of MC pro-inflammatory
cytokines.
In the inflammatory site, keratinocytes and MCs
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ropeptides, including substance P (SP) which is
released in stress conditions and stimulates keratinocytes to selectively release several cytokines/
chemokines without degranulation (32). After activation,
MCs are also capable of releasing, in seconds, chemical
pro-inflammatory mediators (33).
MCs are activated by IL-1 in skin inflammation which
plays a crucial role and has been implicated in the
pathogenesis of PsA (34).
The cross-linking between FcεRI, expressed on MCs,
and IgE leads to cell activation, and therefore the
process provokes the secretion of different mediators,
such as extracellular release of preformed mediators
including TNF, stored in cytoplasmic granules of the
cells, and late the de novo synthesis of pro-inflammatory
arachidonic acid products and cytokines/chemokines
(35). IgE binds FcεRI at about 1 x 1010 M-1 (very high
affinity) initiating the activation of tyrosine phosphorylation, an event that starts with the activation of Fyn, Blk,
and Lyn. In fact, cross-linking of bound IgE by antigen
activates Src, Syk, and Tec protein tyrosine kinases
which is a process that causes mitogen activation protein (MAP) kinase cascade and phosphatidylinositol
phospholipase C (PI-PLCγ). IP3 provokes the activation
of intracellular Ca2+ and DAG which activate PKC phosphorylating the substrate and generating the release of
cytokines and chemokines. In addition, at this stage,
Ca2+ also activates phospholipase A2 (PLA2), causing
the production of arachidonic acid products such as
leukotriene C4 (LTC4) and prostaglandin D2 (PGD2)
(36, 37) (Figure 1).
MC preformed mediators include histamine, heparin,
proteases (tryptase, chimase), hydrolases, cathepsin,
carboxypeptidases, peroxidase and TNF; while the de
novo synthesis are prostaglandins, leukotrienes and
cytokines/chemokines. Furthermore, HDC is an important basophilic cell biochemical and functional marker,
responsible for the production of histamine from histidine, an indicator of MC presence and activation (37).
We previously showed that IL-33 (and its receptor IL1RL1), another member of the IL-1 family also implicated in inflammatory arthritis, is increased along with histidine decarboxylase HDC in psoriatic skin, demonstrating the involvement and importance of MCs in this skin
disease (3).
It is interesting that HDC is increased in psoriatic skin
and can be stimulated by LPS and certain cytokines
including IL-1. Therefore, significant interest regarding
the role of MCs in the pathogenesis of this disease is
evident (38).
MCs are involved in the pathophysiology of PsA which is
triggered and/or exacerbated by acute stress (39). They
are important in PsA, where there is excessive angiogenesis and they are increased in lesional psoriatic skin
where they appear to be in association with the sensory
nerves (in fact, emotional stress worsens PsA) (40).
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between keratinocytes and immune cells, such as
Th1, Th17, Th22, B cells, macrophages and MCs (13).
Activated T-cell subsets, localized in the skin, initiate
a local inflammatory process leading to development
of a psoriatic plaque (14). Predominantly, Th17-driven
process links to the pathways of angiogenesis, excessive and aberrant proliferation of epidermal keratinocytes, and inflammation (15). The balance of
Th17/Treg and IL-23/Th17 pathway is determinant for
the inflammatory process (16, 17).
In fact, inflammatory skin conditions such as PsA are
associated with immune dysregulation, including the
imbalance of the Th1 and Th2 pathways, pro-inflammatory cytokine generation and breaking of the epidermal barrier (18, 19). These are all signals mediated
by MCs in this immune disease (20).
Mononuclear phagocytes are important immune-cells in
PsA, involved in the orchestration and expression of
innate immunity and adaptive immune responses (21).
Th1/Th2 macrophages undergo two different polarization states: M1 and M2 phenotype. Activated M1
macrophages can be induced by LPS or some inflammatory cytokines (IL-1, TNF); while M2 macrophages,
which are poor at antigen presentation, are activated by
the cytokine inhibitors IL-4 and IL-13 (22). In the inflammatory sites, M1 macrophages, activated via toll-like
receptors (TLRs), release high levels of pro-inflammatory cytokines including IL-1 and IL-33 which activate MCs
(23) (Figure 1). The cross-talk between macrophages,
keratinocytes and MCs, which in turn cooperate, exacerbate the inflammatory response (24).
Therefore, MCs play a crucial role in PsA, since they
represent “sensors” of environmental and emotional
stress and participate in the relapse and exacerbation
of the disease (25). IL-1 cytokine, which activates
MCs, mediates inflammation when released after cell
damage or negative regulation of NFκB gene transcription. IL-1 binds MC heterodimeric complex IL-1R
protein and induces NF-kB and MAPK activation (26).
Up regulation of type I IFN and the activation of TLR9 in psoriatic dermis also contribute to increased cellular proliferation (27). While great steps forward have
been made in targeted treatments for PsA, there is a
need to further improve therapies for this proliferative
and inflammatory disorder (28).

Mast cells

In allergic and inflammatory reactions, MCs are found in
large numbers in the skin around the blood vessels and
close to peripheral nerves, where they may have important functions in environmental and emotional stress
(29). MCs play a key role in innate or acquired immunity,
respond to many different stimuli and are usually associated to immediate hypersensitivity and allergic disorders, as well as in certain protective immune responses
to microbes including their products such as LPS, which
binds TLR-4, leading to the generation of pro-inflammatory cytokines that are important for the innate immune
response against pathogens (30, 31). MCs can be triggered by IL-1, IL-33, IL-9, tryptase, and certain neu-
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MCs can also be activated by neurotransmitters such
as SP, which is an inflammatory peptide (11-amino
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Figure 1 - Activation of mast cell by antigen participates in TNF and IL-1 family member cytokines, mediating inflammation.

the IL-1 cytokine family (3). VEGF inhibitors have a
dramatic impact on the clinical course of inflammatory
disorders and neovascular diseases (3) (Figure 2).
Interleukin-33 (IL-33) is expressed and secreted by
endothelial cells, TH2 cells and SP-activated MCs
where it acts as a chemoattractant and trigger, and
also induces release of IL-6 (another pro-inflammatory
cytokine) from cultured MCs (3). IL-33 is a potent MC
activator and is increased in affected psoriatic skin (3).
In murine MCs, IL-33 induces the release of IL-6, and
the induction takes place in the absence of degranulation and therefore histamine and protease release. IL33 may also provoke infiltrating lymphocytes, proliferating keratinocytes, and endothelial cells from new
vessels, contributing to inflammation, including PsA
(3). IL-33 is inhibited by IL-37 binding to the α chain of
the IL-18 receptor, down-regulating inflammatory disorders including PsA (45).
IL-1 and IL-17 (CD4+ and CD8+ T cells in PsA lesions
produce IL-17A and IL-17F) have a critical role in initiating the inflammatory psoriatic state (46), followed by
a TH1 reaction that can be inhibited with therapeutic
intervention, for example the blocking of IL-1 and IL33 with IL-37.
IL-1 or other stimuli may trigger the activation of MCs,
leading to an excessive inflammatory process.
Current treatment options for PsA do not always allow
to reach the therapeutic objectives (47).
Recent advancement in the knowledge of the
immunopathogenesis of PsA has allowed to develop
novel drugs including IL-1 blocker and its precursors.
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acid) elevated in emotional stress, where it plays an
important role as a trigger for MC skin PsA (39). SPpositive nerve fibers are more dense in psoriatic
lesions and have an increased number of MC contacts
compared with normal skin (39). Therefore, MCs activated by SP mediate the pathogenesis of inflammatory skin disorders, including PsA.
Vascular endothelial growth factor (VEGF)
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Stimulated MCs, endothelial cells, hematopoietic stem
cells, monocytes, neurons, macrophages, platelets
and keratinocytes, secrete VEGF, which is one of the
most important pro-angiogenic growth factors regulating the neovascularization involved in psoriatic
plaques and other inflammatory disorders (41, 42).
VEGF is generated in response to soluble mediators,
such as cytokines, and its major receptor kinaseinsert-domain-containing receptor (KDR) which has a
selective mitogenic effect on endothelial cells (43).
It has been found that the epidermal over-expression
of VEGF in transgenic mice, stimulated by inflammatory cytokines, leads to a phenotype nearly identical to
that of PsA (44). VEGF stimulation with cytokines is
therefore involved in PsA pathogenesis and several
different VEGF polymorphisms are associated with an
increased risk of developing PsA. VEGF and VEGF
mRNA expression can also be induced by substance
P in human MCs along with IL-1, an effect increased
by IL-33, one of the newest inflammatory members of
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Figure 2 - Mast cell activation by IL-1 generates IL-1 family member cytokines and VEGF,
mediating inflammatory psoriasis inhibited by
IL-37.

and other disorders mediated by IL-1 (53). In addition,
we previously reported that IL-37 has an inhibitory
effect on human asthma pathogenesis mediated by
cytokines/chemokines generated by MCs and other
innate immune cells (54).
MCs challenged with 48/80, LPS or neuropeptides
such as substance P, generate the pro-inflammatory
cytokines IL-1, TNF, IL-6 and IL-33, which increase
p38, MAPK and JNK phosphorylation, effects that can
be inhibited by IL-37 (55).
Pro-inflammatory cytokine IL-1 induces differential
release of IL-6 from human mast cells without concomitant release of the preformed mediator tryptase
(32). In addition, IL-33 also induces release of IL-6
from cultured MCs (56).
MC-activated IL-1, inhibited by IL-37 leads to a reduction of the production of TNF and IL-6, including other
inflammatory cytokines/chemokines generated by the
MCs (49). Furthermore, the inhibition of IL-1-induced
MCs by IL-37 can also be extended to the generation
of chemical mediators of inflammation, for example
proteases and histamine (55). We believe that the
ratio of IL-1 to IL-37 is a contributing or determining
factor in inflammatory psoriatic disease.
The development of IL-37 inhibitor of IL-1-induced
generation of IL-6 from MCs, could provide novel therapeutic options for the treatment of inflammatory conditions including PsA. Despite the availability of several therapies, many patients remain untreated, and do
not have an adequate response in this skin disorder.
Therefore, the development and introduction of new
therapies for PsA is exceptionally important.
We also strongly believe that it is intriguing that IL-37
treatment is effective in reducing the signs and symp-
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Various drugs have been studied and developed for
the inhibition of IL-1, since this process could be particularly advantageous for treating skin conditions
where MCs are heavily involved (39).
Inhibition of intracellular IL-1 (caspase-1) during
inflammation blocks the extracellular release and
proinflammatory effects.
These observations may provide a starting point for
the development of novel drugs based on the inhibition of IL-1, aimed at preventing release of caspase-1
substrates and the IL-1 pro- inflammatory family members (48).
Interleukin-37 (IL-37) (formerly IL-1F7) cytokine is a
natural suppressor of innate inflammation and
acquired immunity and is an inhibitor of IL-1 inflammatory family members (49). Five variants exist of IL-7,
ranging from (a) to (e) and IL-37b is the largest
cytokine member, and the most studied. IL-37b precursor can be processed by caspase-1 into the
mature form, and translocate actively into the nucleus
of the cell (49).
Several drugs targeting IL-1 have been developed,
and methods aimed at preventing IL-1 secretion could
prove particularly advantageous for treating skin conditions such as PsA (50). IL-37 inhibits IL-1β, one of
the most important cytokines, which plays a crucial
role in PsA, and can be stimulated by cytosolic DNA
via inflammasome activation (51).
It has been reported that IL-37 is an inhibitor of innate
immunity, and reduces the secretion of inflammatory
cytokines in innate immune cells and can be released
after immune cell stimulation by TLR ligands (52).
Recombinant IL-37 emerges as an important suppressor of systemic inflammation in rheumatoid arthritis
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toms of PsA, suggesting that IL-37 receptor plays a
central role in the disease by directly driving downstream signaling in keratinocytes. Therefore, the inhibition of IL-1-inducing MC activation reduces the
inflammatory process in PsA through the down-regulation of other pro-inflammatory cytokines such as
TNF, IL-6, IL-33 and chemical mediators including histamine and proteases.
In addition, it has been reported that IL-37 is capable
of inhibiting some chemokines including CXCL8 generation, ameliorating the inflammatory process in PsA
by suppressing inflammation (18).
Since MCs are sensitive to the power of attraction of
certain chemokines (38), as reported in our previous
studies, the inhibition of these proteins by IL-37 could
also improve the inflammatory state.
Therefore, for therapeutic intervention on PsA, there
is a need for more effective and safer drugs, and the
current availability of the inflammatory cytokine blocking agents, such as IL-37, can change the management of PsA.
IL-37 emerges as an important suppressor of systemic inflammation in PsA mediated by MCs and could
represent an anti-psoriatic drug. We strongly confirm
a link between MC inflammation, IL-1 and the inhibitory effect of IL-37.
The inhibitory effects of IL-37 in the pathogenesis of
inflammatory skin diseases, including PsA, mediated
by MCs, have not been demonstrated previously.
Here, we describe, for the first time, that IL-37 is a
potent anti-inflammatory agonist protein and can be
active in the inhibition of IL-1 activating MCs and
mediating inflammation in psoriasis.
Our studies support the idea that IL-37 inhibits the
inflammatory process in PsA mediated by MCs by the
down-regulation of pro-inflammatory cytokine production, such as IL-1, IL-6, TNF, and IL-33, highlighting
new therapeutic strategies. Furthermore, an additional
role of mast cells in the pathogenesis of psoriasis
could be via the release of pro-chemerin which attract
specifically plasmocytoid dendrititic cells (57).
However, future research using animal models will
help to better understand the exact role of IL-37 in the
context of PsA, and further studies on IL-37 need to
clarify its potential use and the safety and tolerability
as a novel therapeutic agent.
These studies may provide a benefit with regard to IL37 therapy in PsA. More research into the role of IL37 in the pathogenesis this disease is ongoing in our
laboratory.

7.

@

C
IC

Ed

iz

io

ni

8.

References
1.

2.

34

Dinarello CA, Conti P, Mier JW. Effects of human interleukin-1 on natural killer cell activity: is fever a
host defense mechanism for tumor killing? Yale J
Biol Med. 1986;59(2):97-106.
Camp RD, Fincham NJ, Cunningham FM, Greaves
MW, Morris J, Chu A. Psoriatic skin lesions contain
biologically active amounts of an interleukin 1-like
compound. J Immunol. 1986;137(11):3469-74.

9.
10.
11.

12.
13.
14.
15.

Clinical Dermatology 2017; 5 (1):30-36

Possible role of mast cells and IL-37 in the pathogenesis of psoriasis

33.

34.
35.

al
i

az
io
n

32.

rn

31.

ma T. Regulation of allergic airway inflammation
through Toll-like receptor 4-mediated modification of
mast cell function. Proc Natl Acad Sci U S A. 2006
4;103(7):2286-91.
Guo X-h, Shao L, Li J, Mao Y-j, Zhang L-l, Song
Q. Association of TLR-4 regulatory variants
(rs41426344 and rs7873784) with rheumatoid arthritis
in a Chinese population. Eur J Inflamm. 2016;(2):118123.
Kandere-Grzybowska K, Letourneau R, Kempuraj
D, Donelan J, Poplawski S, Boucher W, Athanassiou
A, Theoharides TC. IL-1 induces vesicular secretion
of IL-6 without degranulation from human mast cells.
J Immunol. 2003;171(9):4830-6.
Palaska I, Gagari E, Theoharides TC. The effects of
P. gingivalis and E. coli LPS on the expression of
proinflammatory mediators in human mast cells and
their relevance to periodontal disease. J Biol Regul
Homeost Agents. 2016;30(3):655-664.
Shepherd J, Little MC, Nicklin MJ. Psoriasis-like cutaneous inflammation in mice lacking interleukin-1
receptor antagonist. J Invest Dermatol. 2004;122
(3):665-9.
Galli SJ, Kalesnikoff J, Grimbaldeston MA, Piliponsky
AM, Williams CM, Tsai M. Mast cells as “tunable” effector and immunoregulatory cells: recent advances.
Annu Rev Immunol. 2005;23:749-86.
Wang N, Liu R, Liu Y, Zhang R, He L. Sinomenine
potentiates P815 cell degranulation via upregulation
of Ca2+ mobilization through the Lyn/PLCγ/IP3R
pathway. Int J Immunopathol Pharmacol. 2016;29
(4):676-683.
Conti P, Pang X, Boucher W, Letourneau R, Reale
M, Barbacane RC, Thibault J, Theoharides TC. Impact of Rantes and MCP-1 chemokines on in vivo
basophilic cell recruitment in rat skin injection model
and their role in modifying the protein and mRNA
levels for histidine decarboxylase. Blood. 1997;89
(11):4120-7.
O’Brien LC, Mezzaroma E, Van Tassell BW, Marchetti
C, Carbone S, Abbate A, Toldo S. Interleukin-18 as
a therapeutic target in acute myocardial infarction
and heart failure. Mol Med. 2014;20:221-9.
Theoharides TC, Donelan JM, Papadopoulou N, Cao
J, Kempuraj D, Conti P. Mast cells as targets of corticotropin-releasing factor and related peptides.
Trends Pharmacol Sci. 2004;25(11):563-8.
Raychaudhuri SP, Sanyal M, Weltman H, KunduRaychaudhuri S. K252a, a high-affinity nerve growth
factor receptor blocker, improves psoriasis: an in
vivo study using the severe combined immunodeficient mouse-human skin model. J Invest Dermatol.
2004;122(3):812-9.
Varricchi G, Granata F, Loffredo S, Genovese A,
Marone G. Angiogenesis and lymphangiogenesis in
inflammatory skin disorders. J Am Acad Dermatol.
2015;73(1):144-53.
Wang H, Wei S, Xue X, You Y, Ma Q. Adipose stem
cells’ antagonism in glycosylation of D-galactose-induced skin aging of nude mice and its skin recovery
function. Int J Immunopathol Pharmacol. 2016;29
(3):376-85.

In
te

16. Teng Z, Hu Z, Wei X, Wang Z, et al. IL-37 ameliorates
the inflammatory process in psoriasis by suppressing
proinflammatory cytokine production. J Immunol.
2014;192:1815-1823.
17. Dar T, Edden Y, Shteingart S, Ben Ya’acov A, et al.
Portal hypertension is associated with modulation of
regulatory T cells. Eur J Inflamm. 2016;(1):40-47.
18. Deng Y, Chang C, Lu Q. The Inflammatory Response
in Psoriasis: a Comprehensive Review. Clin Rev Allergy Immunol. 2016;50(3):377-89.
19. Hercogovấ J, Fioranelli M, Gianfaldoni S, Chokoeva
AA, Tchernev G, Wollina U, Tirant M, Novotny F,
Roccia MG, Maximov GK, França K, Lotti T. A clinical
examination of the efficacy of preparation of Dr
Michaels® (also branded as Soratinex®) products
in the treatment of psoriasis. J Biol Regul Homeost
Agents. 2016;30(2 Suppl 3):15-20.
20. Ghoreschi K, Weigert C, Röcken M. Immunopathogenesis and role of T cells in psoriasis. Clin Dermatol.
2007;25(6):574-80.
21. Khmaladze Ia, Nandakumar KS, Holmdahl R. Reactive oxygen species in psoriasis and psoriasis
arthritis: relevance to human disease. Int Arch Allergy
Immunol. 2015;166(2):135-49.
22. Martinez FO, Sica A, Mantovani A, Locati M.
Macrophage activation and polarization. Front Biosci.
2008;13:453-61.
23. Theoharides TC, Petra AI, Taracanova A, Panagiotidou
S, Conti P. Targeting IL-33 in autoimmunity and inflammation. J Pharmacol Exp Ther. 2015;354(1):24-31.
24. da Silva L, Carvalho E, Cruz MT. Role of neuropeptides in skin inflammation and its involvement in diabetic wound healing. Expert Opin Biol Ther.
2010;10(10):1427-39.
25. Vasiadi M, Therianou A, Sideri K, Smyrnioti M, Sismanopoulos N, Delivanis DA, Asadi S, KatsarouKatsari A, Petrakopoulou T, Theoharides A, Antoniou
C, Papadavid E, Stavrianeas N, Kalogeromitros D,
Theoharides TC. Increased serum CRH levels with
decreased skin CRHR-1 gene expression in psoriasis
and atopic dermatitis. J Allergy Clin Immunol. 2012;
129(5):1410-3.
26. Shaik-Dasthagirisaheb YB, Conti P. The Role of Mast
Cells in Alzheimer’s Disease. Adv Clin Exp Med.
2016;25(4):781-7.
27. Morizane S, Yamasaki K, Mühleisen B, Kotol PF,
Murakami M, Aoyama Y, Iwatsuki K, Hata T, Gallo
RL. Cathelicidin antimicrobial peptide LL-37 in psoriasis enables keratinocyte reactivity against TLR9
ligands. J Invest Dermatol. 2012;132(1):135-43.
28. Carinci F, Lessiani G, Spinas E, Kritas SK, Ronconi
G, Caraffa A, Conti P. Mast cell and cancer with special emphasis on il-37 an anti-inflammatory and inhibitor of innate immunity: new frontiers. J Biol Regul
Homeost Agents. 2016;30(4):945-950.
29. Caraffa A, Spinas E, Kritas SK, Lessiani G, Ronconi
G, Saggini A, Antinolfi P, Pizzicannella J, Toniato E,
Theoharides TC, Conti P. Endocrinology of the skin:
intradermal neuroimmune network, a new frontier. J
Biol Regul Homeost Agents. 2016;30(2):339-43.
30. Nigo YI, Yamashita M, Hirahara K, Shinnakasu R,
Inami M, Kimura M, Hasegawa A, Kohno Y, Nakaya-

@

C
IC

Ed

iz

io

ni

36.

Clinical Dermatology 2017; 5 (1):30-36

37.

38.
39.
40.

41.
42.

35

P. Conti et al.

54.
55.

al
i

az
io
n

53.

rn

52.

Mansell A, Schwerd T, Hong J, Rubartelli A, Dinarello
CA, Bufler P. Role of caspase-1 in nuclear translocation of IL-37, release of the cytokine, and IL-37 inhibition of innate immune responses. Proc Natl Acad
Sci U S A. 2014;111(7):2650-5.
Teng X, Hu Z, Wei X, Wang Z, Guan T, Liu N, Liu X,
Ye N, Deng G, Luo C, Huang N, Sun C, Xu M, Zhou
X, Deng H, Edwards CK 3rd, Chen X, Wang X, Cui
K, Wei Y, Li J. IL-37 ameliorates the inflammatory
process in psoriasis by suppressing proinflammatory
cytokine production. J Immunol. 2014;192(4):181523.
Cavalli G, Koenders M, Kalabokis V, Kim J, Tan AC,
Garlanda C, Mantovani A, Dagna L, Joosten LA,
Dinarello CA. Treating experimental arthritis with the
innate immune inhibitor interleukin-37 reduces joint
and systemic inflammation. Rheumatology (Oxford).
2016;55(12):2220-2229.
Conti P, Ronconi G, Caraffa A, Lessiani G, Duraisamy
K. IL-37 a New IL-1 Family Member Emerges as a
Key Suppressor of Asthma Mediated by Mast Cells.
Immunol Invest. 2016;16:1-12.
Eskandari N, Tashrifi F, Bastan R, Andalib A, Yousefi
Z, Peachell PT. Cyclic nucleotide phosphodiesterase
isoforms in human basophils and mast cells. Int J
Immunopathol Pharmacol. 2016;29(4):654-665.
Theoharides TC, Alysandratos KD, Angelidou A, Delivanis DA, Sismanopoulos N, Zhang B, Asadi S,
Vasiadi M, Weng Z, Miniati A, Kalogeromitros D.
Mast cells and inflammation. Biochim Biophys Acta.
2012;1822(1):21-33.
Albanesi C, Scarponi C, Pallotta S, et al. Chemerin
expression marks early psoriatic skin lesions and
correlates with plasmacytoid dendritic cell recruitment.
J Exp Med. 2009;206(1):249-58.

In
te

43. Ranieri G, Patruno R, Ruggieri E, Montemurro S,
Valerio P, Ribatti D. Vascular endothelial growth factor
(VEGF) as a target of bevacizumab in cancer: from
the biology to the clinic. Curr Med Chem. 2006;13
(16):1845-57.
44. Yan HX, Wang Y, Yang XN, Fu LX, Tang DM. A new
selective vascular endothelial growth factor receptor
2 inhibitor ablates disease in a mouse model of psoriasis. Mol Med Rep. 2013;8(2):434-8.
45. Keermann M, Kõks S, Reimann E, Abram K, Erm T,
Silm H, Kingo K. Expression of IL-36 family cytokines
and IL-37 but not IL-38 is altered in psoriatic skin. J
Dermatol Sci. 2015;80(2):150-2.
46. Pietrzak A, Zalewska A, Chodorowska G, Nockowski
P, Michalak-Stoma A, Osemlak P, Krasowska D.
Genes and structure of selected cytokines involved
in pathogenesis of psoriasis. Folia Histochem Cytobiol. 2008;46(1):11-21.
47. Barygina V, Becatti M, Mannucci A, Taddei N, Tirant
M, Hercogovấ J, França K, Fioranelli M, Roccia MG,
Tchernev G, Wollina U, Lotti T, Fiorillo C. Rapid communication: a vegetable oil extract restores redox
status in fibroblasts from psoriatic patients. J Biol
Regul Homeost Agents. 2016;30(2 Suppl 3):129-31.
48. Dinarello CA, Joosten LA. Inflammation in rheumatology in 2015: New tools to tackle inflammatory
arthritis. Nat Rev Rheumatol. 2016;12(2):78-80.
49. Dinarello CA, Bufler P. Interleukin-37. Semin Immunol.
2013 Dec 15;25(6):466-8.
50. Smithrithee R, Niyonsaba F, Kiatsurayanon C, Ushio
H, Ikeda S, Okumura K, Ogawa H. Human β-defensin-3 increases the expression of interleukin-37
through CCR6 in human keratinocytes. J Dermatol
Sci. 2015;77(1):46-53.
51. Bulau AM, Nold MF, Li S, Nold-Petry CA, Fink M,

56.

@

C
IC

Ed

iz

io

ni

57.

36

Clinical Dermatology 2017; 5 (1):30-36

