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ABSTRACT
Mast cells (MC) are tissue duelling 
cells playing an active role in both 
innate and adaptive immune system. 
They act as first players in different 
microbial infections and exert a cru-
cial role in allergy, chronic inflamma-
tion, fibrosis, and rheumatic diseases 
(RD), including rheumatoid arthritis 
(RA). MC are normally present in hu-
man synovia and they increase in the 
joints of RA patients, contributing to in-
flammatory and remodelling processes. 
Due to their great plasticity and multi-
functionality, MC exert a wide range of 
roles in different stages of the disease. 
To date, the results obtained by in-vitro 
and in-vivo studies have contributed to 
better clarify the dynamic role of MC in 
local arthritis of RA and have improved 
our knowledge on different aspect of 
the disease. Although different mice 
models have been extensively used to 
investigate the contribution of MC in 
different stages of RA, those models of-
ten fail to reproduce the complexity and 
the heterogeneity of the human disease. 
Here, we provide an overview on differ-
ent roles of MC in RA pathogenesis and 
how these cells might influence some 
clinical features of the disease.

Role of MC in innate 
and adaptive immune responses
Mast cells (MC) are innate immune 
cells derived from CD34+ haematopoi-
etic stem cells in the bone marrow (1), 
circulating as immature form in the 
blood stream and in the lymphatic sys-
tem, before completing their differen-
tiation and maturation in tissues. Most 
of MC progenitors already express in 
their membrane c-Kit and FcεRI, cru-
cial receptors for cell survival and ac-
tivities. Although different cytokines, 
chemokines and adhesion molecules 
(e.g. IL-4, IL-5, IL-6, IL-15, TNF-α, 

CCL-2 and VCAM-1) derived from 
the tissue microenvironment regulate 
the expansion, homing and maturation 
of MC precursors, the binding of stem-
cell factor (SCF) to the c-Kit receptor 
remains the strongest signal for their 
differentiation, proliferation and sur-
vival (2, 3). 
Due to their strategic localisation at 
the host-environment interface, mature 
MC represent a first line of defense 
against harmful pathogens (4), produc-
ing antimicrobial peptides and releas-
ing an array of pre-formed and newly 
synthesised mediators (5). By binding 
to pathogen-derived peptides, MC ex-
ert their anti-bacterial activities via 
Toll-like receptors (TLRs): peptidogly-
cans from Gram-positive bacteria trig-
ger MC degranulation through TLR2, 
while lipopolysaccharide (LPS) from 
Gram-negative bacteria promotes re-
lease of TNF-α, IL-1β, IL-6 and IL-13 
via TLR4. 
Although MC are historically recog-
nised to play a crucial role as effector 
cells in innate immune system, their 
role in autoimmune diseases is gaining 
more interest. In particular, these cells 
have a great ability to interact with 
dendritic cells, T and B cells, by physi-
cal contact and/or by releasing of solu-
ble mediators (i.e. TNF-α, IL-4, IL-6 
and metalloproteinases) (2, 4, 6-8). 
Furthermore, CD4+ T cells induce MC 
degranulation through OX40-OX40L 
binding, and vice-versa MC contribute 
to CD4+ T cells proliferation and cy-
tokines production by releasing solu-
ble TNF-α. Although these cells play 
a pivotal role in the maintenance of 
homeostasis in different tissues, MC 
might contribute to the development of 
autoimmunity by breaking peripheral 
immune tolerance. In fact, following 
MC-T cells contact via OX40-OX40L 
binding, T regulatory cells (Treg) lose 
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their Foxp3 expression as well as their 
capacity to suppress T cell activities, 
promoting autoimmunity (9, 10).
Moreover, MC actively regulate the 
adaptive immune response by support-
ing the development, survival and ac-
tivities of B cells through the release of 
IL-4, IL-5, IL-6, and IL-13 cytokines 
as well as activation of CD40-CD40L 
axis (9). Furthermore, MC are able to 
influence T and B cells activities by 
releasing exosomes that might modu-
late dendritic cells phenotype and their 
functional maturation (11). MC-derived 
exosomes are also able to promote in-
vitro differentiation of T naïve cells 
into Th2 phenotype and to induce IgE 
and IgA production by activated B cells 
(12).

The role of MC in the 
pathogenesis of rheumatic diseases
Due to their modulatory roles in the in-
nate and adaptive immune systems, MC 
are actively involved in the pathogene-
sis of rheumatic diseases (RD) in which 
autoimmunity and/or inflammation are 
implicated. In the synovial tissue of pa-
tients with spondylarthritis (SpA), in 
which inflammation is the main patho-
genic feature, MC are dramatically in-
creased and are one of the main cellular 
sources of IL-17, crucial pro-inflamma-
tory cytokine in RD (13). MC can con-
tribute to the pathogenesis of these dis-
eases also through their pro-fibrogenic 
activities as demonstrated in primary 
Sjögren’s syndrome (pSS). In the sali-
vary glands of these patients, MC are 
highly present in the tissue and actively 
contribute to the development of fibrotic 
processes by stimulating the production 
of extracellular matrix (ECM) compo-
nents via TGFβ1 release (14). Moreover, 
in minor salivary glands, MC promote 
fibroblast chemotaxis in CCR7-positive 
cells through the release of CCL19 and 
CCL21 chemokines, supporting the di-
rect role of MC in the development of 
tissue fibrosis, one of the main histo-
pathological hallmark of pSS (15).
In parallel, the pro-fibrogenic activity 
of these cells has been also demonstrat-
ed in IgG4-related disease (IgG4-RD), 
an immune-mediated disorder in which 
salivary and lachrymal glands might be 
involved. Even if the mechanisms un-

derlying their pathogenesis are differ-
ent, in the gland tissue of both pSS and 
IgG4-RD MC are increased, and they 
actively contribute to promote fibrotic 
processes (16). However, besides their 
role in fibrosis, MC contribute to IgG4-
RD pathogenesis by modulating type 2 
inflammation (17, 18). In fact, a large 
number of MC expressing Th2 and 
Treg cytokines have been detected in 
submandibular gland of IgG4-RD pa-
tients where they locally can be activat-
ed by non-specific IgE binding, leading 
to lymphoplasmacytic infiltration and 
IgG4 production (19). Furthermore, 
by investigating the crosstalk between 
cells from the innate and adaptive im-
mune systems in IgG4-RD pathogen-
esis it has been proved that CD4+ T 
and B cells, particularly plasmablasts, 
might contribute to tissue fibrosis by 
releasing pro-fibrotic mediators (20, 
21). Due to the tight interaction be-
tween MC and B or T cells in different 
tissues (2, 4, 6-10), we can suggest an 
indirect effect of MC in IgG4-RD, by 
promoting the pro-fibrogenic activity 
of B and/or T CD4+ cells. The key role 
of MC in this context is also supported 
by recent reports, suggesting potential 
roles of anti-IgE therapy in subtypes 
of IgG4-RD. In this context the disso-
ciation of pre-bound IgE from FcεRI 
with omalizumab, an anti-IgE mAb 
nowadays approved for severe asthma, 
chronic spontaneous urticaria and na-
sal polyps, might reduce activation of 
MC and consequent decrease in the re-
lease pro-fibrotic cytokines, including 
TGFβ1. Therefore, the pharmacological 
activity of omalizumab might suggest a 
potential usefulness of this biological 
drug in IgG4-RD treatment, particular-
ly in those patients with high levels of 
IgE in a context of Type 2 inflammatory 
phenotype (22). 
Due to their widespread tissue localisa-
tion, MC are easily involved in differ-
ent pathogenetic mechanisms of other 
RD.  For example, in systemic sclerosis 
(SSc), these cells are increased in the 
skin even in the very early stage of the 
disease, when the fibrosis is not yet es-
tablished (23). As proven in biopsies of 
esophagus from SSc patients, MC are 
one of the main cells expressing an in-
flammatory gene signature, supporting 

their pro-inflammatory activities be-
yond their pro-fibrogenic ones (24). 
Even if several reports suggest the ac-
tive role of MC in different RD, rheu-
matoid arthritis (RA) remains the au-
toimmune disease in which MC are 
widely investigated. This is partially 
due to the availability of different ani-
mal model useful to reproduce the dis-
ease in animal strains. 

The role of MC in rheumatoid 
arthritis: from inflammation to
tissue remodelling 
Several evidences support an active 
role of MC in the pathogenesis of RA, 
where chronic inflammation and tissue 
remodelling are the main features (25) 
(Fig. 1). MC are normally present in 
human synovia, but they are increased 
since the early stage of RA. Different 
mechanisms of MC hyperplasia were 
proposed, including recruitment of MC 
progenitors into the inflammatory tis-
sue (26), and prolonged MC survival 
once these cells infiltrate the joints (27, 
28). Due to their heterogeneity, MC 
may display different phenotypes, and 
several signals derived from the tissue 
environment might modulate their ac-
tivities. If MC tryptase (MCT) are main-
ly present in the early stage of RA (29, 
30), where they correlate with synovial 
hyperplasia and T-cells infiltration, MC 
tryptase/chymase (MCTC) are detected 
in fibrotic areas of synovial tissue, par-
ticularly in those patients with a severe 
or rapidly progressive disease (31, 32).
Different triggers can be responsible for 
MC activation, including cellular and 
humoral components. For instance, hu-
man MC co-cultured in-vitro with naïve 
B cells promote B cell activation and 
their differentiation with consequent 
production of anti-citrullinated protein 
antibodies (ACPA), mainly via cell-cell 
contact (33). In turn, ACPA may induce 
MC activation by binding Fcγ recep-
tors (5), process that might be ampli-
fied by TLR4 and HSP70 binding (34). 
In this complex scenario, complement 
components might contribute to the ac-
tivation of MC. This is the case of ana-
phylatoxin C5a which induces MC to 
release pro-inflammatory mediators by 
acting on C5a receptor in synergy with 
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the activation of the Fcγ receptor (35). 
In parallel, IL-33, an alarmin involved 
in RA pathogenesis and produced in the 
inflammatory tissue, induces MC to re-
lease an array of pro-inflammatory cy-
tokines, including TNF-α, IL-1β, IL-6, 
and IL-17 (36-40). 
Besides the various evidences of the 
role of MC in the inflammatory pro-
cesses, some other studies suggest oth-
er anti-inflammatory activities of these 
cells in RA. For example, following IL-
33 stimulus, MC gain the ability to sup-
press monocyte activation by releasing 
both the anti-inflammatory cytokine 
IL-10 and histamine. There are also evi-
dences showing an inverse correlation 
in RA joints between MC genes expres-
sion and disease activity (41), as well as 
a negative correlation between levels of 
tryptase and C-reactive protein (CRP) 
in patients with early RA not yet treated 
with disease-modifying anti-rheumatic 
drugs (DMARDs) (42). 

It is recognised that the direct contribu-
tion of MC in RA pathogenesis is also 
due to their pro-fibrogenic effects. For 
example, MC-derived tryptase is able to 
exert an anti-apoptotic activity on syno-
vial fibroblasts, promoting their survival 
and activation in the tissue. In turn, syn-
ovial fibroblasts contribute to the surviv-
al of MC by the production of SCF and 
to their tissue recruitment by releasing 
chemoattractant mediators (43-47).
If we consider the complex mecha-
nisms involved in tissue remodelling, 
including joint cartilage destruction and 
bone erosion, we can hypothesise a role 
of MC also in advanced stages of RA 
when the disease is already established. 
In fact, MC are present at the site of 
cartilage destruction (48, 49), where 
they seem to actively contribute to the 
degradation of cartilage proteoglycans 
(50). Indeed, analysis of cartilage-pan-
nus specimens have revealed areas of 
MC aggregates at the sites of erosion 

with deposition of extracellular tryptase 
(51). This can lead to modulate chon-
drocyte metabolism by releasing vascu-
lar endothelial growth factor (VEGF), 
one of the main pro-angiogenic media-
tors involved in RA (52).
To date, it is unclear if MC contribute 
to bone erosion via activation of osteo-
clasts, although MC were found to be 
possible sources of RANKL, a major 
protein implicated in osteoclasts activa-
tion (53). However, the increased bone 
loss that characterises patients with sys-
temic mastocytosis suggests a potential 
role of MC in accelerating bone turn-
over (54,55), and new achievements de-
rived from this haematological disorder 
might help to better understand the role 
of MC in the bone erosion in RA.

MC in animal models of arthritis
Different animal models of experimen-
tal arthritis have been developed in or-
der to better clarify the role of MC in 
RA. However, the results obtained are 
often controversial, due to the different 
methodologies used in the experimental 
models of arthritis, that only in part re-
produce the complexity of RA (Table I). 
In K/BxN mice, in which inflammatory 
arthritis is induced by injection of ar-
thritogenic serum from KRN and NOD 
mice, the inflammatory process and 
clinical manifestations of the disease 
were abrogated in MC deficient mice, 
and then restored by transferring bone 
marrow derived wild-type MC into MC-
deficient mice (56). However, further 
studies performed in other animal mod-
els were not able to confirm these obser-
vations. In fact, in a MC-deficient mice 
due to defect in kit signalling (KitW/
KitW-v mice), the lack of the develop-
ment of arthritis was explained by the 
reduction in neutrophils recruitment, 
and not by the deficiency of MC (57).  
In order to overcome the limits of these 
experimental models using Kit-mutant 
mice, other in-vivo systems, independ-
ent of the c-Kit, have been developed. 
By using the Cre-mediated MC eradi-
cation (Cre-Master) mice, an increased 
susceptibility to antibody-induced auto-
immune arthritis was observed, despite 
the lack of MC and the reduction in the 
basophils count (58). To better clarify 
the contribution of MC in the different 

Fig. 1. Cross-talk between MC and other immune cells in RA.

Table I. MC and animal models of arthritis.

Role of MC Arthritis model Susceptible strain References

Required K/BxN arthritis W/Wv and Sl/Sld (56)
 CIA Red MC basophil mouse (59)
 CIA mMCP4-deficient mice (60)
 mBSA/IL-1β-induced arthritis mMCP-6−/mMCP-7− C57BL/6 mice (61)

Not required K/BxN arthritis KitW-Sh/KitW-Sh (57)
 K/BxN arthritis Cre-Master mice (58)

CIA: collagen-induced arthritis; mBSA: methylated bovine serum albumin; IL-1β: interleukin-1beta; 
MC: mast cells; mMCP4: mouse MC protease 4; mMCP-6: mouse MC protease 6; mMCP-7: mouse 
MC protease 7; Cre-Master: Cre-mediated MC eradication.
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stages of the disease, these cells were 
depleted in CIA model during different 
phases of arthritis. When MC deple-
tion was reached in a preclinical phase, 
circulating CD4+ T cells, monocytes, 
IL-6 and IL-17 levels were drastically 
reduced, with consequent beneficial 
effects on arthritis, while these effects 
were not observed in the established 
arthritis, supporting the contribution of 
MC mainly in the early phase of the dis-
ease (59). 
By using mice deficient in MC pro-
tease 4 (mMCP4), the homologue of 
chymase in humans, it was possible to 
demonstrate in-vivo the potential role of 
MC-chymase in the development of se-
vere autoimmune arthritis, mainly by its 
direct effect on inflammation, cartilage 
erosion and bone turn-over (60). In par-
allel, arthritis was markedly reduced in 
transgenic mice lacking heparin and 
mMCP-6 and mMCP-7, the corre-
sponding human tryptase forms in mice, 
suggesting potential therapeutic benefi-
cial effects of inhibiting MC-restricted 
tryptase in RA joint inflammation (61). 

Conclusion
Several lines of evidence support the 
hypothesis of a direct role of MC in 
inflammatory and remodelling pro-
cesses of RA. Nonetheless, we have to 
take into account that MC are complex 
cells and besides their well-known pro-
inflammatory roles, they can exert anti-
inflammatory activities, mainly through 
IL-10 production. Up to now, data ob-
tained in-vivo and in-vitro strongly sup-
port different roles of MC in different 
stages of the disease. Further insight into 
the role of MC in RA can be obtained in 
genetically manipulated animal models 
of RA. However, these models, besides 
their limits in reproducing the human 
disease, are highly heterogeneous both 
in the mechanisms of RA induction and 
in modulation of MC number/activities. 
For example, the Kit mutants strains 
display abnormalities of several c-kit 
expressing cells, while the Cre-Master 
mice have a selective deficiency of MC. 
Thus, the conflicting results we report-
ed are expected, and further studies, us-
ing more selective gene targeting, may 
be required to gain a full picture of the 
involvement of MC in RA.   

References
  1. VALENT P, AKIN C, HARTMANN K et al.: 

Mast cells as a unique hematopoietic lineage 
and cell system: From Paul Ehrlich’s visions 
to precision medicine concepts. Theranostics 
2020; 10(23): 10743-68. 

 https://doi.org/10.7150/thno.46719
  2. TSAI M, VALENT P, GALLI SJ: KIT as a master 

regulator of the mast cell lineage. J Allergy 
Clin Immunol 2022; 149(6): 1845-54. 

 https://doi.org/10.1016/j.jaci.2022.04.012
  3. WERNERSSON S, PEJLER G: Mast cell secre-

tory granules: armed for battle. Nat Rev Im-
munol 2014 ;14(7): 478-94. 

 https://doi.org/10.1038/nri3690
  4. DA SILVA EZ, JAMUR MC, OLIVER C: Mast 

cell function: a new vision of an old cell. J 
Histochem Cytochem 2014; 62(10): 698-738. 
https://doi.org/10.1369/0022155414545334

  5. KRYSTEL-WHITTEMORE M, DILEEPAN KN, 
WOOD JG: Mast cell: a multi-functional mas-
ter cell. Front Immunol 2016; 6: 620. 

 https://doi.org/10.3389/fimmu.2015.00620
  6. CARDAMONE C, PARENTE R, FEO GD et al.: 

Mast cells as effector cells of innate immu-
nity and regulators of adaptive immunity. 
Immunol Lett. 2016; 178:10-4. 

 https://doi.org/10.1016/j.imlet.2016.07.003
  7. GALLI SJ, GAUDENZIO N, TSAI M: Mast cells 

in inflammation and disease: recent progress 
and ongoing concerns. Annu Rev Immunol 
2020; 38: 49-77. https://doi.org/10.1146/ann-
urev-immunol-071719-094903

  8. NOTO CN, HOFT SG, DIPAOLO RJ: Mast cells 
as important regulators in autoimmunity and 
cancer development. Front Cell Dev Biol 
2021; 9: 752350. 

 https://doi.org/10.3389/fcell.2021.752350
  9. GRI G, FROSSI B, D’INCA F: Mast cell: an 

emerging partner in immune interaction. 
Front Immunol 2012; 3: 120. 

 https://doi.org/10.3389/fimmu.2012.00120
10. PICONESE S, GRI G, TRIPODO C et al.:        

Mast cells counteract regulatory T-cell sup-
pression through interleukin-6 and OX40/
OX40L axis toward Th17-cell differentiation. 
Blood 2009; 114(13): 2639-48. https://

 doi.org/10.1182/blood-2009-05-220004
11. SKOKOS D, BOTROS HG, DEMEURE C et al.: 

Mast cell-derived exosomes induce pheno-
typic and functional maturation of dendritic 
cells and elicit specific immune responses 
in vivo. J Immunol 2003; 170(6): 3037-45. 
https://doi.org/10.4049/jimmunol.170.6.3037

12. ELIEH ALI KOMI D, GRAUWET K: Role of 
mast cells in regulation of T cell responses in 
experimental and clinical settings. Clin Rev 
Allergy Immunol 2018; 54(3): 432-45. 

 https://doi.org/10.1007/s12016-017-8646-z
13. TENAZINHA C, BARROS R, FONSECA JE 

et al.: Histopathology of psoriatic arthritis 
synovium - A narrative review. Front Med 
(Lausanne) 2022; 9: 860813. 

 https://doi.org/10.3389/fmed.2022.860813
14. KAIEDA S, FUJIMOTO K, TODOROKI K et al.: 

Mast cells can produce transforming growth 
factor β1 and promote tissue fibrosis during 
the development of Sjögren’s syndrome-
related sialadenitis. Mod Rheumatol 2022; 
32(4): 761-69. 

 https://doi.org/10.1093/mr/roab051
15. ZHANG X, ZHAO J, LIU B et al.: Health pre-

vention intervention for chronic tissue fi-
brosis: Based on the specific expression of 
CCL19/21+ mast cell. Prev Med 2023; 173: 
107577. 

 https://doi.org/10.1016/j.ypmed.2023.107577
16. FUJITA Y, JIN D, MIMURA M et al.: Activation 

of mast-cell-derived chymase in the lacrimal 
glands of patients with IgG4-related ophthal-
mic disease. Int J Mol Sci 2022; 23(5): 2556. 
https://doi.org/10.3390/ijms23052556

17. PUXEDDU I, CAPECCHI R, CARTA F, TAVONI 
AG, MIGLIORINI P, PUXEDDU R: Salivary 
gland pathology in IgG4-related disease: a 
comprehensive review. J Immunol Res 2018; 
2018: 6936727. 

 https://doi.org/10.1155/2018/6936727
18. D’ASTOUS-GAUTHIER K, EBBO M, CHANEZ 

P, SCHLEINITZ N: Implication of allergy and 
atopy in IgG4-related disease. World Allergy 
Organ J 2023; 16(4): 100765. 

 https://doi.org/10.1016/j.waojou.2023.100765
19. TAKEUCHI M, SATO Y, OHNO K et al.:              

T helper 2 and regulatory T-cell cytokine 
production by mast cells: a key factor in the 
pathogenesis of IgG4-related disease. Mod 
Pathol 2014; 27(8): 1126-36. 

 https://doi.org/10.1038/modpathol.2013.236
20. DELLA-TORRE E, RIGAMONTI E, PERUGINO 

C et al.: B lymphocytes directly contribute to 
tissue fibrosis in patients with IgG4-related 
disease. J Allergy Clin Immunol 2020; 145(3): 
968-81.e14. 

 https://doi.org/10.1016/j.jaci.2019.07.004
21. MATTOO H, STONE JH, PILLAI S: Clonally 

expanded cytotoxic CD4+ T cells and the 
pathogenesis of IgG4-related disease. Auto-
immunity 2017; 50(1): 19-24. https://

 doi.org/10.1080/08916934.2017.1280029
22. MICHAILIDOU D, SCHWARTZ DM, MUSTE-

LIN T, HUGHES GC: Allergic aspects of IgG4-
related disease: implications for pathogen-
esis and therapy. Front Immunol 2021; 12: 
693192. 

 https://doi.org/10.3389/fimmu.2021.693192
23. BROWN M, O’REILLY S: The immunopatho-

genesis of fibrosis in systemic sclerosis. Clin 
Exp Immunol 2019; 195(3): 310-21. 

 https://doi.org/10.1111/cei.13238
24. TOM K, MEHTA BK, HOFFMANN A et al.: 

Mast cell activation in the systemic sclero-
sis esophagus. J Scleroderma Relat Disord 
2021; 6(1): 77-86. 

 https://doi.org/10.1177/2397198320941322
25. PETRELLI F, MARIANI FM, ALUNNO A, 

PUXEDDU I: Pathogenesis of rheumatoid 
arthritis: one year in review 2022. Clin Exp 
Rheumatol 2022; 40(3): 475-82. https://

 doi.org/10.55563/clinexprheumatol/l9lyen
26. OLSSON N, ULFGREN AK, NILSSON G:    

Demonstration of mast cell chemotactic ac-
tivity in synovial fluid from rheumatoid pa-
tients. Ann Rheum Dis 2001; 60(3): 187-93. 

 https://doi.org/10.1136/ard.60.3.187
27. FREWIN DB, CLELAND LG, JONSSON JR et 

al.: Histamine levels in human synovial flu-
id. J Rheumatol 1986; 13(1): 13-14.

28. LAVERY JP, LISSE JR: Preliminary study of the 
tryptase levels in the synovial fluid of patients 
with inflammatory arthritis. Ann  Allergy 
1994; 72(5): 425-7.

29. PUXEDDU I, PILIPONSKY AM, BACHELET I et 
al.: Mast cells in allergy and beyond. Int J Bio-



756 Clinical and Experimental Rheumatology 2024

Mast cells and rheumatoid arthritis / F. Pisani et al.

chem Cell Biol 2003; 35(12): 1601-7. https://
doi.org/10.1016/s1357-2725(03)00208-5

30. GOTIS-GRAHAM I, SMITH MD, PARKER A 
et al.: Synovial mast cell responses during 
clinical improvement in early rheumatoid ar-
thritis. Ann Rheum Dis 1998; 57(11): 664-71. 
https://doi.org/10.1136/ard.57.11.664

31. MCNEIL HP, GOTIS-GRAHAM I: Human mast 
cell subsets--distinct functions in inflamma-
tion? Inflamm Res 2000; 49(1): 3-7. 

 https://doi.org/10.1007/pl00012386
32. GOTIS-GRAHAM I, McNEIL HP: Mast cell 

responses in rheumatoid synovium. Associa-
tion of the MCTC subset with matrix turno-
ver and clinical progression. Arthritis Rheum 
1997; 40(3): 479-89. 

 https://doi.org/10.1002/art.1780400314
33. RIVELLESE F, MAURO D, NERVIANI A et al.: 

Mast cells in early rheumatoid arthritis asso-
ciate with disease severity and support B cell 
autoantibody production. Ann Rheum Dis 
2018; 77(12): 1773-81. https://

 doi.org/10.1136/annrheumdis-2018-213418
34. SUURMOND J, RIVELLESE F, DORJÉE AL et 

al.: Toll-like receptor triggering augments 
activation of human mast cells by anti-cit-
rullinated protein antibodies. Ann Rheum Dis 
2015; 74(10): 1915-23. https://

 doi.org/10.1136/annrheumdis-2014-205562
35. NIGROVIC PA, MALBEC O, LU B et al.: C5a 

receptor enables participation of mast cells 
in immune complex arthritis independently 
of Fcγ receptor modulation. Arthritis Rheum 
2010; 62(11): 3322-33. 

 https://doi.org/10.1002/art.27659
36. XU D, JIANG HR, KEWIN P et al.: IL-33 exac-

erbates antigen-induced arthritis by activat-
ing mast cells. Proc Natl Acad Sci USA 2008; 
105(31): 10913-8. 

 https://doi.org/10.1073/pnas.0801898105
37. XU D, JIANG HR, LI Y et al.: IL-33 exacer-

bates autoantibody-induced arthritis. J Im-
munol 2010; 184(5): 2620-6. 

 https://doi.org/10.4049/jimmunol.0902685
38. KIM KW, KIM BM, WON JY et al.: Regulation 

of osteoclastogenesis by mast cell in rheuma-
toid arthritis. Arthritis Res Ther 2021; 23(1): 
124. 

 https://doi.org/10.1186/s13075-021-02491-1
39. SANDLER C, LINDSTEDT KA, JOUTSINIEMI 

S et al.: Selective activation of mast cells 
in rheumatoid synovial tissue results in pro-
duction of TNF-alpha, IL-1beta and IL-1Ra.    
Inflamm Res 2007; 56(6): 230-9. 

 https://doi.org/10.1007/s00011-007-6135-1
40. HUEBER AJ, ASQUITH DL, MILLER AM et 

al.: Mast cells express IL-17A in rheumatoid 
arthritis synovium. J Immunol 2010;184(7): 
3336-40. 

 https://doi.org/10.4049/jimmunol.0903566

41. RIVELLESE F, SUURMOND J, HABETS K et 
al.: Ability of interleukin-33- and immune 
complex-triggered activation of human mast 
cells to down-regulate monocyte-mediated 
immune responses. Arthritis Rheumatol 
2015; 67(9): 2343-53. 

 https://doi.org/10.1002/art.39192
42. ROSSINI M, VIAPIANA O, ZANONI G et al.: 

Serum levels of tryptase suggest that mast 
cells might have an antiinflammatory role in 
rheumatoid arthritis: Comment on the Article 
by Rivellese et al. Arthritis Rheumatol 2016; 
68(3): 769. https://doi.org/10.1002/art.39506

43. PALMER HS, KELSO EB, LOCKHART JC et 
al.: Protease-activated receptor 2 mediates 
the proinflammatory effects of synovial mast 
cells. Arthritis Rheum 2007; 56(11): 3532-
40. https://doi.org/10.1002/art.22936

44. NAKANO S, MISHIRO T, TAKAHARA S et al.: 
Distinct expression of mast cell tryptase and 
protease activated receptor-2 in synovia of 
rheumatoid arthritis and osteoarthritis. Clin 
Rheumatol 2007; 26(8): 1284-92. 

 https://doi.org/10.1007/s10067-006-0495-8
45. SAWAMUKAI N, YUKAWA S, SAITO K et al.: 

Mast cell-derived tryptase inhibits apoptosis 
of human rheumatoid synovial fibroblasts 
via rho-mediated signaling. Arthritis Rheum 
2010; 62(4): 952-9. 

 https://doi.org/10.1002/art.27331
46. KIENER HP, HOFBAUER R, TOHIDAST-

AKRAD M et al.: Tumor necrosis factor al-
pha promotes the expression of stem cell 
factor in synovial fibroblasts and their ca-
pacity to induce mast cell chemotaxis. Ar-
thritis Rheum 2000; 43(1): 164-74. https://
doi.org/10.1002/1529-0131(200001)43:1% 
3C164::aid-anr21%3E3.0.co;2-z

47. SHIN K, NIGROVIC PA, CRISH J et al.: Mast 
cells contribute to autoimmune inflammatory 
arthritis via their tryptase/heparin complex-
es. J Immunol 2009; 182(1): 647-56. 

 https://doi.org/10.4049/jimmunol.182.1.647
48. BROMLEY M, WOOLLEY D: Histopathology 

of the rheumatoid lesion. Identification of 
cell types at sites of cartilage erosion. Arthri-
tis Rheum 1984; 27(8): 857-63. 

 https://doi.org/10.1002/art.1780270804
49. BROMLEY M, FISHER WD, WOOLLEY DE: 

Mast cells at sites of cartilage erosion in 
the rheumatoid joint. Ann Rheum Dis 1984; 
43(1): 76-9. 

 https://doi.org/10.1136/ard.43.1.76
50. STEVENS RL, SOMERVILLE LL, SEWELL D et 

al.: Serosal mast cells maintain their viability 
and promote the metabolism of cartilage pro-
teoglycans when cocultured with chondro-
cytes. Arthritis Rheum 1992; 35(3): 325-35. 
https://doi.org/10.1002/art.1780350312

51. TETLOW LC, WOOLLEY DE: Distribution, 

activation and tryptase/chymase phenotype 
of mast cells in the rheumatoid lesion. Ann 
Rheum Dis 1995; 54(7): 549-55. 

 https://doi.org/10.1136/ard.54.7.549
52. MASUKO K, MURATA M, XIANG Y et al.: 

Tryptase enhances release of vascular en-
dothelial growth factor from human osteo-
arthritic chondrocytes. Clin Exp Rheumatol 
2007; 25(6): 860-5.

53. ALI AS, LAX AS, LILJESTRÖM M et al.:    
Mast cells in atherosclerosis as a source of 
the cytokine RANKL. Clin Chem Lab Med 
2006; 44(5): 672-4. 

 https://doi.org/10.1515/cclm.2006.117
54. SEITZ S, BARVENCIK F, KOEHNE T et al.:   

Increased osteoblast and osteoclast indices 
in individuals with systemic mastocytosis. 
Osteoporos Int 2013; 24(8): 2325-34. 

 https://doi.org/10.1007/s00198-013-2305-x
55. MEYER HJ, PÖNISCH W, MONECKE A et al.: 

Bone mineral density in patients with sys-
temic mastocytosis: correlations with clini-
cal and histopathological features. Clin Exp 
Rheumatol 2021; 39(1): 52-57. https://

 doi.org/10.55563/clinexprheumatol/y4ksv9
56. LEE DM, FRIEND DS, GURISH MF et al.:    

Mast cells: a cellular link between autoan-
tibodies and inflammatory arthritis. Science 
2002; 297(5587): 1689-92.

 https://doi.org/10.1126/science.1073176
57. ELLIOTT ER, van ZIFFLE JA, SCAPINI P et 

al.: Deletion of Syk in neutrophils prevents 
immune complex arthritis. J Immunol 2011; 
187(8): 4319-30. 

 https://doi.org/10.4049/jimmunol.1100341
58. FEYERABEND TB, WEISER A, TIETZ A et al.: 

Cre-mediated cell ablation contests mast cell 
contribution in models of antibody- and T 
cell-mediated autoimmunity. Immunity 2011; 
35(5): 832-44. https://

 doi.org/10.1016/j.immuni.2011.09.015
59. van der VELDEN D, LAGRAAUW HM, WEZEL 

A et al.: Mast cell depletion in the preclinical 
phase of collagen-induced arthritis reduces 
clinical outcome by lowering the inflamma-
tory cytokine profile. Arthritis Res Ther 2016; 
18(1): 138. 

 https://doi.org/10.1186/s13075-016-1036-8
60. MAGNUSSON SE, PEJLER G, KLEINAU S et 

al.: Mast cell chymase contributes to the an-
tibody response and the severity of autoim-
mune arthritis. FASEB J 2009; 23(3): 875-82. 
https://doi.org/10.1096/fj.08-120394

61. McNEIL HP, SHIN K, CAMPBELL IK et al.: 
The mouse mast cell-restricted tetramer-
forming tryptases mouse mast cell protease 
6 and mouse mast cell protease 7 are critical 
mediators in inflammatory arthritis. Arthritis 
Rheum 2008; 58(8): 2338-46. 

 https://doi.org/10.1002/art.23639


