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ABSTRACT Inflammatory joint diseases comprise a various range of maladies such as: rheumatoid arthritis, 
psoriatic arthritis or ankylosing spondylitis. One of their common  pathogenical features is the implication of TH1/2 
cytokines(1). In addition to the well-established TH1 and 2 cytokines there has been  found a new family of cytokines 
and their receptors – IL-17 - which was thought to be produced mainly by the TH17 subset(1, 2). Recent findings 
suggest that this highly pro- inflammatory cytokine could be produced by various other cell subtypes such as mast 
cells(3) (4)and neutrophils. The novelty brought by the intensive research upon IL-17 in human inflammatory joint 
diseases may bring into clinical practice a broader therapeutical range of options for these patients(5, 6). 
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Introduction 
Text The intensively studied TH subsets ( TH1 

and TH2 ) were first described in 1986 (5-16)due 
to their distinct cytokine pannels, TH1 being the 
cell-source of interferon – γ and tumor necrosis 
factor therefore being involved in cell-mediated 
immunity whereas TH 2 produce mainly IL-4, IL-
5, IL-13 (7)playing a key-role in humoral 
immunity. This paradigm became more and more 
elaborate over the next 25 years.When the IL12 - 
p40 subunit was recognized to be a part of the IL-
23 structure together with IL-23p19 and further on 
that IL23(17) is crucial in the stabilization of the 
cell population that produces IL-17A it became 
obvious that another CD4+ T cell was the main 
source of the newly found cytokine and this 
discovery revealed a completely new TH subset, 
named TH17 and it was first described as such in 
1995(18). The IL-17A is also classically known to 
be produced by other cells such as CD8+ T cells, 
γδT cells, NK cells, NKT cells, LTi cells(19) but 
also MCT+(4) and CD15+ cells. 

In humans, TH17 polarization is dependent on 
RORC2 (the homologue of the RORγt – found in 
murine models)(20). Apart from IL-17 (A and F) 
TH17 were proved to produce IL-21, IL-22, IL-26 
and CCL20 all being involved in the pathogenesis 
of inflammatory arthridites. There were many 
studies in the field of rheumatology which 
concerned the IL-17 production mainly in 
periphery but very few focused on local synovial 
fluid and tissue.  

A 2-year prospective study which analyzed 
rheumatoid arthritis synovial samples showed that 
both IL-17 and TNF – α mRNA levels are 
prognostic factors for worse outcomes in the RA 
patient. While some research reports showed clear 

involvement of TH17 cells in producing IL-17 in 
inflammatory diseases there were others recently 
published which undoubtedly prove other cell 
populations to be the main producers of the IL-
17A.(21)  

The IL-17A and IL-17A receptor  
IL- 17 A is a 17 kDa protein - the first known 

member of the IL-17 cytokine family which now 
consists of 6 members found through genomic 
sequencing: IL-17A, IL-17B, IL-C, IL-17D, IL-
17E (also named IL-25) and IL-17F(22). The IL-
17A was first identified in a murine T cell library 
through subtractive hybridization screen. The 
amino acid structure of the A form is most similar 
to the F type which can adopt a three-dimensional 
cysteine-knot form and is the only IL-17 form 
which has been crystallized and used for structural 
studies(23). IL-17 A and F are both homodimers 
but can also take the shape of IL-17 A- IL-17F 
heterodimers although in human studies it is yet 
unknown which form is the predominant one. 
Also the genes encoding these two IL-17 subtypes 
were found on the same chromosome in both 
humans and mice(24). 

The IL-17 receptors include 5 different 
subunits, alphabetically named A –E are involved 
in triggering NF-kB and JUN amino terminal 
kinase signaling pathways through TRAF6 ( 
Tumor-necrosis factor receptor associated factor 6 
)(25). All 5 IL-17 receptor units encoding genes 
are to be found in humans at the chromosome 3 
level and they are all single trans-membrane 
proteins with variable size at an average of 680 
amino acids.  

Cojocaru-Gofita I.R. MD, PhD Student Rheumatology Department, University of Medicine and Pharmacy  of Craiova,53 



Cojocaru-Gofita I.R. and colab: The Cellular Source of IL-17A in the Pathogenesis of  Inflammatory Joint Diseases 

IL-17 A also known as CTLA8 can make use 
of both IL-17RA and C exerting its main function 
as both a homo and a heterodimer in autoimmune 
pathology(26) (human rheumatoid arthritis, 
systemic lupus erythematosus and allograft 
rejection), neutrophil recruitment and immune 
reactions against extra cellular pathogens(27). IL – 
17 B, C and D may be described as pro-
inflammatory cytokines but they have not been 
precisely described so far and they can be  found 
ubiquitously throughout the human cells while the 
IL-17 F appears to be synthesized at the same 
cellular level as the A form. IL-17E is produced 
within various epithelial cells and also 
macrophages, NKT, TH2 or mast cells and it can 
firmly induce TH2 cell responses and can repress 
TH17 driven responses(28). There is another form 
of IL-17 observed in the Herpes virus saimiri 
named vIL-17 which uses the same receptor – IL-
17RA as the human IL-17 but its functions are far 
from being revealed(29). 

IL-17RA which is mainly expressed in 
haematopoietic tissues shows a lower affinity 
towards IL-17A than the concentration needed to 
induce the proper response which became the 
clear proof that this receptor – by far the largest of 
the family – needs a second subunit to bind 
ligands and thus elicit signalling(11). This 
receptor which is also by itself a common  
signalling  unit used by various ligands pairs with 
IL-17RC in order to facilitate the actions of both 
IL-17A and F resembling to other shared cytokine 
receptors such as gp130 ( for the IL-6) family(6). 
Its role is extremely important since it reduces its 
surface expression after binding to IL -17A which 
indicates that it might internalize its ligand and 
clear it in this manner from the inflammatory site. 

IL-17A in Rheumatoid Arthritis 
Rheumatoid arthritis is a chronic inflammatory 

process which involves the synovial membrane 
which will induce proinflammatory cytokine 
production further on leading to protease activity 
and both bone and cartilage destruction. In rodent 
models it was proven that even a single intra-
articular  IL-17A injection in previously healthy 
subjects can trigger cartilage damage and constant 
injection can produce massive inflammatory cell 
migration and even bone erosions. From another 
point of view using monoclonal antibodies 
directed against IL-17 and its receptors provided 
protection from joint inflammation.  

Initial clinical studies which included RA 
patients high levels of IL-17 in the synovial 
biopsies and fluid (as compared to osteoarthritis) 
was directly correlated with both activity and 

severity of the disease. The activity of IL-17 was 
measured by an assay where the supernatant of 
RA synovial biopsies induced IL-6 secretion in 
human RA synoviocytes. Further on in 2010 there 
were three clinical trials which analysed the 
efficacy and safety of the human IL-17 specific 
IgG1κ monoclonal antibody in a cohort of 104 
patients with rheumatoid arthritis, chronic plaque-
type psoriasis and non-infectious uveitis and it 
concluded that even after two doses there were 
variable yet clinically relevant positive responses. 

It became clear that IL-17 is deeply involved in 
the pathogenesis of joint inflammation but the fact 
that its main cell source is the TH17 cell 
population was not argued until the past 2 years 
when a research paper showed that the main IL-17 
expressing cells in RA synovium are mast cell 
triptase positive and that may constitute a solid 
proof that at least at synovial level mast cells are 
the sole IL-17 producing cells.   

  
Fig. 1 IL-17 expression and production by synovial 
mast cells. Double immunofluorescence for anti- IL-

17 (green) and mast cell tryptase (red) in 
rheumatoid arthritis (RA) (A) and spondyloarthritis 

(SpA) synovitis (B) – 25x magnification 

  
Fig.1 (larger magnification, 40x ) 

Unpublished data (by Yeremenko N.G et al.) 
which describe the contribution of IL-17 
expressing mast cells in synovial inflammation in 
spondyloarthritis shows the morphology of the IL-
17A and MCT double positive cells in both 
rheumatoid arthritis and spondyloarthritis patients 
(Fig.1) through immunofluorescence techniques. 
Apart from that the same authors observe the 
presence of another cell type IL17A+CD15+ 
which seem of granulocytic nature, most likely 
neutrophils which also produce IL-17A. They also 
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conquer that there is an even larger increase in IL-
17 producing cells in a TNF-independent manner 
in spondyloarthritis versus rheumatoid arthritis.  

ast cells in inflammatory 
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s, serine proteases or 
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 or even present myelin 

 
Fig. ble 

et al. showed in an animal model that subjects 

The role of m
nt disease 
Mast cells express predominantly 

immunological related functions being 
multifunctional effector cells and they do contain 
a large range of granules sharing common features 
in all mammalian organisms including their 
membrane receptors (FcεR1)(30). In their granules 
they store a large variety of biologically active 
amines, cytokine

teoglycans(31). 
Various studies promote the role of mast cells 

in the pathogenesis of different inflammatory 
disease, for instance in psoriasis the release of the 
IL-33(32) (one of the recent found members of the 
IL-1 cytokine family) increases the SP – 
stimulated VEGF from skin MCs. In the attempt 
to characterize the IL-17 producing cells in extra-
articular sites affected by spondyloarthritis it has 
been recently showed that in psoriatic skin there is 
a massive infiltration of mast cells which produce 
IL-17 (unpublished data) (Fig.2). The same data 
were obtained while analyzing gut samples from 
patients diagnosed with both Crohn`s disease and 
ulcerative colitis. Also in multiple sclerosis MCs 
are considered an attractive therapeutic target 
since they can release cytokines which selectively 
induce T cell activation
antigens to T cells(33).  

 
2 – psoriatic skin Psoriatic skin – dou
staining IL-17 (green) and MCT (red) 

DAPI – blue, A – 25x magnification,B - 40X magnification 

In rheumatoid arthritis mast cells can be found 
in high numbers around blood vessels and in the 
sublining area in sites of cartilage erosions or in 
the synovial fluid, otherwise the percentage of 
mast cells in normal synovium hardly reaches 5% 
of all cells(34). Their recruitment in RA is due to 
chemotactic factors such as SCF (stem-cell factor) 
also known as c-kit ligand produced by 
fibroblasts, stromal cells and endothelial cells. Lee 

lacking MCs become resistant to serum induced 
erosive arthritis(35).  

At the articular sites in RA MCs synthesize 
inflammatory cytokines such as: IL-6, IL-8, and 
TNF α whose expression depends on the nuclear 
factor- NF κB – in this manner MCs become 
important in lymphocyte chemotaxis and 
infiltration of the synovial areas(36). In the 
presence of IL-6 and TGFβ MCs are needed for 
the TH17 cell line production .Mast cells also 
trigger macrophages to enhance IL-1 production 
and in RA(37), heparin and histamine secreted 
from their granules activate local macrophages to 
produce both IL-1 and TNF α. 

MCs can produce themselves a multitude of 
mediators which influence fibroblasts such as 
VEGF, PDGF, FGF-2 and synovial fibroblasts 
themselves express high levels of SCF(38) 
necessary for MCs to undergo differentiation and 
maturation processes during inflammation. As far 
as angiogenesis is concerned in RA mast cells 
seem to induce it through the tryptase and 
chymase enzymes(39) They also mediate the 
production of matrix metalloproteinases by type-B 
synoviocytes and chondrocytes which are highly 
involved in bone remodeling and cartilage 
degradation (40).  

Neutrophils as IL-17 producing cells 
Until recently most of the researchers did not 

value neutrophils as IL-17 producing cells since 
they were proved to be a major recruitment target 
for both IL-17A (41)and F activation in innate 
cells. First of all  animal models have already 
changed that opinion when a murine model of the 
ischemia-reperfusion injury since only as little as 
3 hours after the injury neutrophils are present in 
huge numbers at the local site and that seems to be 
an IL-23 dependent process(42). Also another 
model proved that Bordetella pertussis infection 
can induce the IL-17 production from infiltrating 
granulocytes and also T lymphocytes or 
macrophages. 

Another recent paper from 2008 detected IL-
17RA mRNA in circulating neutrophils of healthy 
donors thus indicating that the IL-17 receptor may 
be constitutively expressed on the circulating 
neutrophil lineage(43). As regarding neutrophils 
presence and function in arthritis there was a 
recent study upon the profile of neutrophils in 
collagen induced arthritis (CIA) in an animal 
model which showed significantly high numbers 
in the knees and digits of DBA/IJ mice submitted 
to CIA in comparison to non-arthritic animals and 
it also suggests that mast cells may be the 
modulators of the neutrophil influx in arthritis. 
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There are though only few scientific data 
regarding the IL-17 production of neutrophils but 
at least one shows in a immunohistochemical 
analysis the co localization of CD15 and IL-17 
antibodies in the synovial tissues of both 
rheumatoid arthritis and spondylarthritis with a 
higher rate in the SpA patients (Fig.3). Although 
the mechanism behind this process is still to be 
elucidated there are strong evidence from clinical 
trials using anti-IL-17 antibodies to treat psoriatic 
arthritis and spondyloarthritis that show efficacy 
and safety in lowering the IL-17 production in this 
patients yet again in a TNF-independent manner. 
Looking further on in the extraarticular sites 
affected in certain arthritis site such as psoriatic 
skin or intestine of Crohn and ulcerative colitis the 
same authors find a high rate of neutrophils which 
are also positive for anti-IL-17 antibody immune 
staining. 

  
Fig.3 – CD15 and IL-17 in synovium IL-17 

expression by neutrophils. Double 
immunofluorescence for anti- IL-17 (green) and 
CD15 (red) in the synovium of spondyloarthritis 
(SpA) patients (A) 100x (B) – 25x magnification 
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