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Abstract

The definition of the CD3+ CD4+ Th17 cell subset and the identification of the IL-23–Th17 axis 
have introduced new paradigms to explain the origin of autoimmune events in animal models, sub-
verting the established Th1–Th2 paradigm. IL-17A has been pivotal for the discovery of the Th17 
lineage, which probably evolved as an arm of the adaptive immune system for host protection 
against extracellular bacteria and fungi. IL-17A, is the founding member of the IL-17 family com-
posed of six members. Th17 cells and IL-17A have been implicated in a variety of inflammatory 
and autoimmune diseases in rodents. In these models, Th17 cells are pivotal in the pathogenesis 
of the disease and IL-17A appears to be the main mediator, but the situation might be different in 
humans. In some human pathological conditions, in addition to Th17 cells, other IL-17A-produc-
ing cells have been described, including CD8+ T cells, astrocytes, macrophages and Langerhans 
cells. The therapeutic effect of some new biologics can now, at least in part, be explained by their 
interference with mediators involved in the generation of Th17 cells, but more specific treatments 
would be valuable to dissect these intricate networks. An antibody neutralizing IL-17A is being 
evaluated under different autoimmune conditions. This approach might not only benefit patients, 
but, by neutralizing IL-17A selectively, might also help to define the role of this cytokine in autoim-
mune disorders and contribute to a new wave of selective and targeted therapies.

Introduction

The definition of the CD3+ CD4+ Th17 cell subset and the identification of the IL-
23–Th17 axis have introduced new paradigms to explain the origin of autoimmune 
events in animal models, subverting the established Th1–Th2 paradigm [1]. IL-17A 
has been pivotal for the discovery of the Th17 lineage that probably evolved as an 
arm of the adaptive immune system for host protection against extracellular bac-
teria and fungi. Th17 cells and IL-17A are involved in the pathogenesis of several 
experimental autoimmune models of arthritis, colitis, psoriasis, uveitis, and enceph-
alomyelitis. In these pathological conditions, Th17 cells are present and contribute 
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to the inflammatory condition, neutralization of IL-17A ameliorates disease, and 
IL-17A-deficient animals are protected [2].

In mice, TGF-  and IL-6 appear to be involved in the commitment of naive T 
cells to the CD4+ Th17 lineage. When IL-6 is lacking, as in knockout mice, IL-21 
can step in and initiate an alternative pathway to induce pro-inflammatory Th17 
cells [3]. Indeed, IL-21 is produced by Th17 cells and may be the main driver of 
an autocrine amplification loop. Once, IL-23R is expressed on the cell, IL-23 then 
drives Th17 cell survival. Still, several details of the process are missing. The Th17 
cell population is probably regulated differently in man, where IL-1  in addition 
to IL-6 and IL-23 is required [4]. CCL20 is up-regulated in human Th17 cells and 
is a defining feature of the Th17 ‘signature’, along with IL-17A, IL-17F and IL-22 
[4].

Also in humans, several studies support a role for Th17 cells and IL-17A in 
autoimmune disorders. However, IL-17A can be produced by other cells including 
CD8+ T cells,  T cells, a fraction of natural killer (NK) cells, neutrophils [1], mac-
rophages [5], astrocytes and oligodendrocytes [6], and possibly Langerhans cells [7]. 
Therefore, it will be important to establish whether other IL-17+ cells contribute to 
the pathogenesis of autoimmune disorders.

Differentiating between the role of Th17 cells and that of IL-17A is also relevant. 
While, in some instances, IL-17F and IL-22, cytokines released by Th-17 cells, might 
contribute to pathology, in other cases, the additional cell types able to produce 
IL-17A might participate. The introduction of more specific and targeted therapies, 
which might benefit patients reducing the risk of untoward side effects, remains an 
important goal.

IL-17A and IL-17F

IL-17A, previously called IL-17, is the founding member of the IL-17 family com-
prising at least six members [8, 9]. In the mouse, the IL-17 cytokine family consists 
of IL-17A (IL-17/CTLA-8), IL-17B (CX1/NERF), IL-17C (CX2), IL-17D , IL-17E 
(IL-25), and IL-17F (ML-1) [1]. IL-17A, IL-17B, IL-17C, IL-17D, IL-17E (IL-25), 
and IL-17F are normally secreted as homodimers [10–12]. IL-17A and IL-17F can 
be secreted by the same cell, and share 55% identity [10, 13].

In most studies, IL-17A does not act as a growth factor, but as an inflammatory 
cytokine, like IL-1 and TNF. IL-17A has a major role in inflammation, PMN recruit-
ment, inflammatory angiogenesis, formation of germinal centers and granulomas, 
and tissue remodeling and destruction. IL-17A exhibits pleiotrophic activities on 
various parenchymal cells, including the induction of IL-6, IL-8, G-CSF, leukemia 
inhibitory factor, PGE2, ICAM-1, and matrix metalloproteinase in fibroblasts and 
other stromal cells, induction of TNF-  and IL-1  in macrophages, production of 
NO, inducible NO synthase, and cyclooxygenase-2 by chondrocytes, and induction 
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of RANKL in osteoblasts, as well as stimulation of granulopoiesis, maturation of 
dendritic cells, and costimulation of T cell proliferation [1].

IL-17A has been implicated as an agent contributing to progression and pathol-
ogy of a variety of inflammatory and autoimmune diseases in humans and in mouse 
models of human diseases [14, 15]. On the other hand, the role of IL-17F in human 
diseases is still uncertain. Recently, the analysis of animals deficient in either of the 
two genes has revealed distinct functions of IL-17A and IL-17F in inflammatory 
responses [16]. Additional studies with neutralizing antibodies selective for these 
two cytokines are required to clarify further the contribution of IL-17A and IL-17F 
under inflammatory conditions.

Moreover, it is not yet clear how the production of IL-17A and IL-17F is regu-
lated at the single-cell level in Th17 cells. In mice, the genes encoding IL-17A and 
IL-17F are located on chromosome 1, and Th17 cell development seems to be 
accompanied by epigenetic changes at both the IL-17A and the IL-17F gene pro-
moters [17]. However, at the single-cell level, IL-17A and IL-17F are not always 
coexpressed, as IL-17A and IL-17F single-positive cells are detected at relatively 
high frequencies [16, 18]. Moreover, in mice, CD4+ IL-17A single-positive T cells 
seem to be prevalent in the lamina propria and intestinal intraepithelium [16]. It is 
not clear whether this differential expression results from the existence of different 
cell types, of various stages of maturation or of environmental factors.

More recently, an IL-17A/F heterodimer has been described both in man and 
in mice [18–20]. In a Th17 cell adoptive-transfer model characterized by increased 
neutrophilia in the airways, Liang et al. [18] were able to show that IL-17A 
homodimers are the most biologically active, with IL-17A/F heterodimers display-
ing a moderate activity and IL-17F homodimers showing the lowest activity. The 
role of the heterodimer in inflammatory diseases in mice and humans needs further 
investigations.

IL-17A and IL-17F receptors

The receptor for IL-17A, once cloned, was named IL-17RA [9]. Bioinformatic 
analysis led to identification of four additional IL-17 receptor-related molecules 
and these are now designated IL-17RB, IL-17RC, IL-17RD, and IL-17RE [10]. 
Despite the relatedness of the IL-17 and IL-17R family, the receptors for only three 
members of this cytokine family have been identified. In humans, hIL-17A binds to 
hIL-17RA and hIL-17RC, hIL-17F binds to hIL-17RC [21] and hIL-17E binds to 
hIL-17RB [22].

Kuestner et al. [21] have recently raised questions about the recognition of 
IL-17A and IL-17F by their receptors. They showed that, in humans, hIL-17A 
binds to hIL-17RA and to hIL-17RC with high affinity and that hIL-17F binds to 
hIL-17RC. Binding of IL-17F to hIL-17RA occurs with a 1000-fold lower affin-
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ity, suggesting that, under physiological conditions, hIL-17F does not bind to this 
receptor. In addition, they reported that, while hIL-17RA is expressed ubiquitously, 
with higher levels observed in hemopoietic cells, hIL-17RC is expressed only in 
non-hemopoietic tissues. In summary, in humans, non-hemopoietic tissues should 
respond to both hIL-17A and -F, whereas hemopoietic cells should respond only 
to hIL-17A. In contrast, in mice, mIL-17RA binds both mIL-17A and -F, whereas 
mIL-17RC binds only mIL-17F. This implies that mouse cells expressing mIL-17RA 
respond to both mIL-17A and -F, whereas those expressing mIL-17RC respond 
only to mIL-17F. Therefore, the relative contributions of IL-17A and -F in inflam-
mation could be different in humans and mice. If these data are confirmed, the 
role of hIL-17A could be more prevalent in human pathological conditions, as 
hIL-17A should be able to activate cells through both hIL-17RA and hIL-17RC. 
However, a formal proof of the function of the different receptors in vivo is still 
lacking. The presence in man and mice of spliced variants of IL-17RC, which are 
not functional, further complicates the picture, opening the question of the role of 
the non-functional receptors.

Different results were obtained by Zrioual et al. [23], who described the expres-
sion of IL-17RA and IL-17RC in peripheral whole blood from normal subjects 
and an overexpression in rheumatoid arthritis (RA) patients. In hemopoietic cells, 
protein and mRNA levels of IL-17RA were higher than those of IL-17RC. Both 
receptors were expressed in CD14+ monocytes and CD19+ B cells. In CD3+ T cells, 
lower levels of IL-17RA were measured, while IL-17RC was almost completely 
absent [23]. In addition, both receptors were broadly expressed in whole synovium 
tissues from RA and osteoarthritic patients with stromal and infiltrating immune 
cells positively stained [23].

These data support the observation that hIL-17RA and hIL-17RC may function 
as a heterodimeric receptor complex for hIL-17A and perhaps also for hIL-17F [24]. 
The picture might be further complicated by the presence of IL-17A/F heterodimers 
[19]. At present, no information is available on the relative binding of IL-17A/F 
heterodimers to the IL-17RA and IL-17RC in humans and mice.

Cells that produce IL-17A in human pathological conditions

Increased levels of IL-17A are detected in several human pathological conditions but 
few studies have addressed the cells that produce IL-17A. The identification of the 
IL-17A-producing cells is essential to define their contribution to disease pathogen-
esis and to design targeted approaches. In the peripheral blood of healthy subjects, 
T cells can produce IL-17A. The IL-17A+ T cells reside in more than one subpopula-
tion and they are distinguished by the differential expression of specific chemokine 
receptors [25]. However, in pathological conditions, the situation might be more 
complex and different cell types may contribute to the production of IL-17A.
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In RA, Kotake et al. [26] not only reported elevated IL-17A protein levels in syn-
ovial fluid but also identified a subset of CD4+, CD45RO+ memory T cells produc-
ing IL-17A in synovial tissue. T cells making IL-17A were also detected in synovial 
fluid from patients with Lyme arthritis [27]. Flow cytometry was used to analyze 
the phenotype, cytokine production and chemokine receptor expression of IL-17A-
producing T cells in peripheral blood and synovial fluid of children with juvenile 
idiopathic arthritis (JIA) [28]. IL-17A-expressing T cells were highly enriched in the 
inflamed joints and their number directly correlated with the clinical phenotype. In 
the joint, IL-17A was produced by CD4+ T cells. These cells were present at signifi-
cantly higher numbers in the joint than in either the paired blood samples from JIA 
patients or the blood of healthy controls. The IL-17A+ T cells had the characteristics 
of memory CD4+, CD45RO+ cells and included cells that also produced IL-22 and 
IFN- , but not IL-4. Moreover, while, in peripheral blood, IL-17A+ T cells were 
clearly distinct from either Th1 cells (defined by IFN-  production) or Th2 cells 
(defined by IL-4 production), in the joints, more than half of the cells producing IL-
17A were also positive for IFN-  production. In PBMCs, the expression of CCR4 on 
IL-17A+ T cells mirrored that of CCR6, while the synovial IL-17A+ T cells expressed 
CCR6, but showed variable expression of CCR4. Therefore, circulating IL-17A+  
T cells seem to have different characteristic from synovial IL-17A+ T cells. Flow 
cytometric data from synovial fluid T cell analyses estimated that IL-17A is pro-
duced by about 1% of synovial tissue T cells. The authors also suggested that Th17 
cell migration to the joint may set up a positive feedback loop for further recruit-
ment through the autologous production of CCL20.

Page et al. [29] identified IL-17A-producing cells in activated lymph nodes, in RA 
synovium, and in the endomysium of patients with dermatomyositis. In this study, 
IL-17A-producing T cells had a plasma cell-like morphology, expressed the CD4 but 
not the CD3 and/or B/plasma cell markers, and some cells expressed both IL-17A 
and IFN- . Even though the authors showed that IL-17A and/or IFN-  producing 
cells can down-regulate the expression of CD3 markers in vitro after activation, the 
absence in vivo of the CD3 marker is somehow intriguing as, in other studies, the 
CD3 marker was used to identify IL-17+ T cells [6, 27]. In conclusion, even though 
there is compelling evidence from several studies that T cells are involved in the 
production of IL-17A in RA, additional analysis should be performed to confirm 
the origin of the IL-17+ CD4+ CD3– cells. It might be interesting here to bear in 
mind that plasmacytoid dendritic cells are CD4+ and CD3–, that they were initially 
described as plasmacytoid T cells/monocytes, and that they are localized in the  
T cell areas of human reactive lymph nodes [30]. Moreover, it has been shown that, 
under specific culture conditions, some dendritic cells can also produce IFN-  [31] 
and more recently, that Langerhans cells, a specialized subset of dendritic cells, have 
been shown to produce IL-17A [7].

In psoriatic patients, IL-17 messenger RNA (mRNA) was identified within 
lesions [32, 33], but an increase in serum protein levels was not observed [34]. 
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CD45RO+ memory effector T cells, either CD4+ or CD8+, seem to play a role in 
the pathogenesis of psoriasis [35]. CD4+ T cells are abundantly present in the upper 
lesional dermis, whereas in the lesional epidermis CD8+ T cells are in the majority 
[36, 37]. More recently, IL-17-producing T cells were recovered at increased levels 
in the lesional epidermal and dermal samples of psoriatic patients [38]. However, no 
further characterization of the IL-17-secreting cells was reported.

In patients with active ulcerative colitis (UC) and Crohn’s disease (CD), Fujino 
et al. [5] reported significantly elevated serum IL-17A levels, while Nielsen et al. 
[39] described an increased gene expression. In addition, Fujino et al. [5] described 
a marked increase in IL-17+ cells in the inflamed regions of active UC and CD 
patients. In active UC patients, IL-17+ cells were localized mainly within the lamina 
propria but, in active CD patients, they were scattered throughout the submucosa 
and muscularis propria. In this study, both T cells and monocytes/macrophages 
were identified as a source of IL-17. In this study an anti-CD68 antibody was used 
for the identification of monocytes/macrophages. Even though CD68 is considered 
a marker specific for monocytes/macrophages, other cell types can express it [40], 
and additional studies might be useful to confirm a consistent production of IL-17A 
by monocytes/macrophages in these diseases.

Another pathological condition, in which IL-17A seems to have a prominent 
pathogenic role, is multiple sclerosis (MS). Recently, Tzartos et al. [6] performed 
a systematic analysis of IL-17A+ cells in the brains of MS patients. Using double 
immunofluorescence and in situ hybridization, they showed that IL-17A immuno-
reactivity was detected in T cells, astrocytes and oligodendrocytes. CD8+ as well as 
CD4+ T cells were equally immunostained for IL-17A. IL-17A+ T cells were par-
ticularly prominent in perivascular spaces in acute and chronic active MS lesions, 
where they accounted for the majority of CD3+ T cells. They proposed that the large 
numbers of IL-17+ T cells, found in both active and chronic active lesions, implicate 
that IL-17A is involved not only in initiating the lesions but also in their persistence. 
Moreover, CD8+ T cells were predominantly found in the central nervous system 
parenchyma, whereas CD4+ T cells remained primarily in the perivascular regions, 
suggesting a prevalent role of CD8+ T cells in actual tissue destruction. The linkage 
between CD8 T cells and IL-17A may also influence future strategies for the treat-
ment of MS. A potential role of CD8+ T cells in the pathogenesis of MS has recently 
emerged due to genetic association of MS with MHC class I alleles, the failure of 
therapies directed to CD4+ T cells and the presence of clonally expanded CD8+ T 
cells in inflammatory central nervous system plaques [41]. In addition, Tzartos et al. 
[6] reported IL-17A immunoreactivity in astrocytes and oligodendrocytes. IL-17A 
immunostaining was abundant in the highly activated astrocytes in acute lesions 
and in the borders of chronic active lesions, but was barely detectable in astrocytes 
in control brain. These findings suggest that in an inflammatory environment astro-
cytes and oligodendrocytes may also contribute to IL-17 production and confirm 
previous data showing that IL-17A is expressed by human astrocytes cultured in the 
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presence of TNF-  and IL-1  [42]. Therefore, it seems likely that astrocytes (and 
perhaps oligodendrocytes) can be induced to produce IL-17 under the influence 
of activating stimuli. These findings corroborate previous microarray analyses of 
MS lesions obtained at autopsy that demonstrated highly increased transcripts of 
IL-17A [43], and elevated IL-17A levels in the cerebrospinal fluid of patients with 
opticospinal MS [44].

The fact that other cells in addition to Th17 cells might produce IL-17A in 
pathological conditions is stressed by the findings in Langerhans cell histiocytosis 
(LCH), where large amounts of IL-17A are detected in serum, and Langerhans cells 
are the main producers of IL-17A [7]. In this study, intralesional IL-17A expression 
was analyzed by triple staining (Langerin, CD3 and IL-17A), and IL-17A+ dendritic 
cells were detected in skin and bone lesions. Very few IL-17A+ T cells were found. 
Moreover, multinucleated giant cells always expressed large quantities of IL-17A 
[7]. Interestingly, in this study monocyte-derived dendritic cells were positive for IL-
17A and were able to spontaneously secrete this cytokine, implying that they were 
activated in vivo. The authors concluded that the main cellular source of IL-17A in 
LCH is a dendritic cell subpopulation. Expression of IL-17A mRNA in activated 
peripheral blood monocytes/macrophages was also detected by Fujino et al. [5]. 
As it is not yet clear whether LCH is a neoplastic or a reactive disease [45], it is 
not possible to infer whether the ability to secrete IL-17A is acquired and due to 
an oncogene that has transformed the cells or whether it is intrinsic and due to the 
response of a subset of dendritic cells to an altered environment.

Some studies have relied on the isolation or extraction of cells from physiologi-
cal fluids or tissues and on the analysis of cultured and stimulated cell populations 
by FACS. These studies have almost uniformly identified CD4+ T cells as the main 
source of IL-17A. On the other hand, studies that have used histochemistry have 
often come to the conclusion that different cell types contribute to the production of 
IL-17A. Both approaches are valuable, but they may provide different information. 
The first approach offers a more precise identification of the cells but selectively 
enriches the sample for cell populations that are more easily extracted or apt to cul-
ture conditions. The main limitation of the histochemical approach is linked to the 
difficulty to precisely identify cell surface markers and often to the lack of specific-
ity of the reagents. In conclusion, additional studies are required to more precisely 
identify the cells contributing to the production of IL-17A. and to identify the cells 
that secrete IL-17F, IL-17AF heterodimer and IL-22. IL-17F and IL-22 are expressed 
at increased levels in several diseases [46, 47].

Targeting Th17 cells and IL-17A and IL-17F in humans

Biologics not only provide clinicians with a new armamentarium to treat autoim-
mune diseases but also represent tools to dissect pathogenic events and to define the 
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role of cells and cytokines involved in autoimmune disorders. Several new biolog-
ics are or will become soon available to treat patients with autoimmune disorders. 
Many of these principles have several mechanisms of action, target molecules 
involved in many biological events, and it is often impossible to define a critical 
step that explains their therapeutic effect. Some of them also show an activity on 
Th17 cells.

Etanercept is a recombinant TNF blocker made from the combination of two 
soluble human 75-kDa TNF receptors linked to the Fc portion of an IgG1. Etaner-
cept has shown beneficial effect in many clinical conditions including RA, psoriasis 
and ankylosing spondilitis. Recently, Zaba et al. [48] have shown that, in psoriasis, 
one of the mechanisms of action of etanercept is to inhibit Th17 cells by reducing 
the production of IL-23 by dendritic cells. It will be interesting to verify whether 
this mechanism of action is shared by other anti-TNF approaches and whether it is 
effective in other clinical conditions that benefit from an anti-TNF treatment.

Abatacept (CTLA-4-Ig) is another promising approach for treatment of RA 
patients. It is a soluble fusion protein that consists of the extracellular domain of 
human cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) linked to the modi-
fied Fc (hinge, CH2, and CH3 domains) portion of human IgG1. The mechanism of 
action is to block costimulatory signals between antigen-presenting cells and T cells. 
The beneficial effect of an anti-CTLA4 approach in RA patients supports a role for 
T cell costimulation and might suggest a possible involvement of Th17 cells in the 
pathogenesis of this disease [49]. In fact, CD28 is not only a major costimulator for 
CD4 and CD8 naive T cells, it is also involved in the activation of memory Th17 
cells [50].

Targeting IL-6 with a humanized anti-IL-6 receptor antibody is effective in sev-
eral clinical studies in RA [51]. Several studies have shown that IL-6 is involved in 
the commitment of naive T cells to the Th17 cell lineage [1], and this mechanism of 
action may explain at least in part the therapeutic effect of this approach.

Ustekinumab, an antibody that neutralizes the effects of IL-12 and IL-23 by 
binding their shared p40 subunit, has shown dramatic effects in patients with pso-
riasis [52, 53]. IL-23 is directly involved in the survival of Th17 cells and this sug-
gests that Th17 cells and their products might be involved in the pathogenesis of the 
disease. However, this antibody targets not only IL-23 but also IL-12, and it is not 
possible to differentiate the effects on Th17 cells versus those on Th1 cells. There-
fore, to dissect further these cytokine networks, it would be important to develop 
even more specific tools and selectively block the effects of only one cytokine. Such 
targeted biologics might not only be of therapeutic value for the patients but also 
reduce further the risk of untoward side effects. With this goal in mind, we have 
generated a high-affinity fully human monoclonal anti-human IL-17A antibody of 
the IgG1/kappa isotype, which is now being developed for the potential treatment 
of several autoimmune disorders. This antibody is specific for IL-17A and does not 
recognize IL-17F. Therefore, it targets only one of the cytokines secreted by Th17 
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cells, and it will be important to assess its therapeutic effects in comparison with less 
selective approaches such as anti-p40 antibodies. On the other hand, in addition to 
Th17 cells, other cells may contribute to production of IL-17A in various pathologi-
cal conditions. In conclusion, each therapy might have its own specific signature and 
it will be important to plan clinical trials able to highlight these differences, and to 
optimize treatment for the patients.

An additional approach is to use a soluble IL-17RC-Fc fusion protein [21]. This 
soluble fusion protein will probably consist of the extracellular domain of a human 
IL-17RA/RC-Fc fusion protein and will neutralize the biological effects of both hIL-
17A and hIL-17F. By targeting IL-17F in addition to IL-17A, a different therapeutic 
profile might be expected.

In conclusion, through the development of new approaches targeting new cytok-
ines and cell networks, not only will the patients have access to effective and more 
sophisticated therapies that might have a lower incidence of side effects, but the 
scientific community will acquire new knowledge about the role of cytokines and 
cells under different pathological conditions.
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