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Abstract The emerging role of interleukin-17 as a hall-
mark proinflammatory cytokine of the adaptive immune
system produced by a new T helper cell subset termed
“Th17” has received considerable attention. In this review
we will focus on recent information regarding IL-17 and its

relevance in autoimmune and chronic inflammatory
diseases.
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Introduction

Originally termed cytotoxic T lymphocyte antigen 8,
interleukin (IL)-17 is a 17 kDa type 1 transmembrane
protein isolated initially from a rodent CD4 T cell cDNA
library [1]. It represents the prototype of a recently iden-
tified family of cytokines that comprises six members (IL-17A
to IL-17F) and five receptors (IL-17RA to IL-17RE) [1, 2].
The most closely related members of the family are IL-17A
and IL-17F that bind to the same receptors (IL-17RA and
IL-17RC) [1]. IL-17 was initially described in 1995/96 as a
proinflammatory cytokine, and is produced by several cell
types including CD4+4 T lymphocytes, CD8+ T lympho-
cytes, CD3+4 CD4 CDS8™ T cells, y0-T cells, natural killer
cells and neutrophils [3]. The discovery of Th17 cells came
from murine models of autoimmunity such as experimental
autoimmune encephalomyelitis (EAE), collagen-induced
arthritis (CIA) and inflammatory bowel diseases, which
have been historically thought to be mainly due to Th-1
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responses. The CD4+ T lymphocyte effector subset termed
“Th17” has been considered a remarkable discovery that
was named after its signature cytokine, IL-17 [4]. Thl7
cells are considered as a distinct T helper lymphocyte
subset because: (a) they arise from naive T cells when
primed in the presence of specific factors; (b) exhibit a
particular cytokine production profile; and (c) their differ-
entiation is controlled by exclusive transcription factors.
Development of Thl7 cells can be divided into three
stages: differentiation, driven by transforming growth
factor-1(TGF-p), IL-1 and IL-6, autocrine proliferation
triggered by IL-21, and amplification maintained by IL-23
[5, 6].

Human Th17 cells originate in response to IL-1f and
IL-23 from a subset of CD4+ T cell precursors, detectable
in the thymus and umbilical cord blood (UCB), expressing
the CD161 antigen, a lectin-like receptor that is the
equivalent of murine NK1.1 [7]. Th17 cells constitutively
express a unique transcription factor, the retinoic acid
receptor-related orphan receptor C (RORC), which induces
transcription of the IL-17 gene in naive helper T cells, and
is required for the development of IL-17 producing cells in
the presence of interleukin-6 and TGF-f. Activation of
RORC also causes expression of the IL-23 receptor whose
engagement by IL-23 enhances the expression of IL-17 and
IL-22. Finally, Th17 cells express high levels of the CC
chemokine receptor 6 (CCR6) and thefs2 chain of the IL-12
receptor [7].

Although it is widely accepted that murine Th17 cells
originate from naive CD4+ T lymphocytes in the presence
of IL-6 and TGF-pf, and that their development is then
stabilized or amplified by IL-23 and IL-21, several studies
have denied the role of TGF-f in human Th17 cell dif-
ferentiation [8, 9]. These differences between humans and
mice were attributed either to the difficulty in ensuring a
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truly naive T cell population in humans, or to a blocking
activity of TGF-f on the amplification of Thl cells [8].
More recently, three independent studies show, in contrast
to the earlier observations, that the differentiation of human
Th17 cells also requires, in addition to IL-1§ and IL-6, the
activity of TGF-f suggesting that in previous studies the
role of this cytokine had been underestimated because
CD4+ T cells were cultured in media added with human or
bovine serum that usually contains TGF-f [10, 12-14].
However, the results of these studies are somehow con-
tradictory. First, Manel et al. [8, 10] found that TGF-f, IL-1p,
IL-6 and IL-21 (or IL-23) are necessary and sufficient to
induce IL-17 expression in naive UCB human CD4+ T
lymphocytes, and that TGF-f upregulates RORC expression
but simultaneously inhibits its ability to induce IL-17
expression. Second, Volpe et al. [8, 11] suggest that TGF-f,
IL-23, IL-1p and IL-6 are all essential for human Th-17 cell
development, but differentially modulate the cytokines pro-
duced by Th17 lymphocytes, and that the absence of TGF-f8
favors a shift from a Th17 profile to a Th-1-like profile.
Finally, Yangetal. [10, 12] demonstrate that TGF-f§ and IL-21
promote the differentiation of human naive T CD4+ T lym-
phocytes in Th17 cells accompanied by the expression of
RORC.

Th17 cells and their effector cytokines (IL-17A, IL-17F,
IL-21 and IL-22) mediate host defensive mechanisms to
various infections, especially those caused by extracellular
bacteria and fungi [13]. In fact, IL-17A-deficient mice
show enhanced susceptibility to experimental K. pneumoniae
and Toxoplasma gondii infections, but not to intracellular
bacterial infections (i.e. Mycobacterium tuberculosis and
Listeria monocytogenes) [13]. The role of IL-17A and
IL-17F in fungal infections remains controversial. It has
been recently shown that IL-17A negatively regulates Thl
responses to Aspergillus fumigatus and Candida albicans
favoring the growth of these pathogens [13]. By contrast,
Fenoglio et al. [14] demonstrate that in early HIV-1-
infected patients peripheral blood Vdeltal T lymphocytes,
bearing the CD27 surface marker of memory T cells,
proliferate in vitro in response to Candida albicans and
co-express cytoplasmic interferon (IFN)-y and IL-17.

Of note, IL-17 and IL-22 can synergistically or addi-
tively increase antimicrobial proteins in skin keratinocytes,
and induce the expression of several host-defence genes
(i.e. human beta defensin-2) in bronchial epithelial cells
[15]. This antimicrobial-peptide production augments the
epithelial-barrier function, and is critical for mucosal host
defence [13]. Recent studies show that CD4+ T cells in the
intestinal mucosa comprise significant numbers of Th17
lymphocytes [16]. A hypothetical model suggests that
discrete subsets of intestinal bacteria produce toll-like
receptor ligands, which activate antigen presenting cells
inducing Th17 development, and release ATP that
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stimulates dendritic cells to synthesize IL-6 and TGF-f
thus promoting Th17 differentiation [16].

The possibility that polarized Th17 cells can be switched
in vitro and in vivo to Th17/Thl and then to Thl suggests
the “plasticity” of this T cell subset, and supports the
concept of a shared ancestry between Th17 and Thl cells
both expressing CD161 [17]. Of note, the expression of
Th17 genes (RORC2, CCR6 and IL-23) in Thl synovial
cells from inflamed joints, and the overlap in TCR
sequences between Th17 and Th1 lymphocytes suggest that
Th17 to Thl conversion may be a real phenomenon.
Finally, Cosmi et al. [18] demonstrate the existence of
human Th17/Th2 lymphocytes, originating from memory
CCR6+ CD161+ CD4+ T cells when exposed to IL-4,
which can produce IL-4, IL-5, IL-9 and IL-13 in addition to
IL-17A, IL-8 and IL-22. These cells are able to induce the
production of IgE confirming that Th17/Th2 may express
the most important functional properties of both Th17 and
Th2 lymphocytes [18].

The concept of Thl7 cells was conceived within the
setting of experimental autoimmune diseases, and these
cells have been intimately associated, since their first
description, with autoimmune responses. In fact, in addi-
tion to its potent proinflammatory capacity, IL-17 exerts its
effects through several mechanisms including the recruit-
ment of monocytes and neutrophils by increasing the local
production of chemokines (IL-8, monocyte chemoattrac-
tant protein-1, growth-related oncogene protein-«), the
facilitation of T cell infiltration and activation by stimu-
lating the expression of intercellular adhesion molecule-1,
and the amplification of the immune response by inducing
the production of IL-6, prostaglandin E2, granulocyte—
macrophage colony-stimulating factor and granulocyte
colony-stimulating factor [1, 19]. In addition, IL-17 syn-
ergizes with other cytokines, such as IL-1§, tumor necrosis
factor (TNF)-« and IFN-y and its receptor IL-17RA is
expressed broadly and mediates IL-17 effects through a
number of immune and non-immune cells (particularly
endothelial and epithelial cells) [6]. However, there is now
general agreement that both Th17 and Thl cells are
involved in autoimmune diseases. In particular, Th17 cells
mediate the inflammatory response, whereas Thl cells
determine the tissue damage. In experimental autoimmune
uveitis (EAU), autoimmunity to the retina can be both
Th17 and Th1 driven [20]. In fact, IL-23 plays an important
role in the development and intensity of disease through the
generation of Thl7 cells, whereas IL-12 promotes the
generation of IFN-y-producing Thl cells that cause retinal
damage. Of note, each effector phenotype by itself is suf-
ficient to induce pathology in the absence of the reciprocal
hallmark cytokine. Similarly, IL-23 and IL-12 have a sig-
nificant role in the induction and maintenance of EAE as
shown by the ability to transfer the disease through
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tolerance-induced myelin-specific T cells after antigenic
challenge in the presence of these cytokines [21]. This
finding also suggests that in this animal model of autoim-
munity, the development of Th17 and Thl lymphocytosis
capable of engaging distinct proinflammatory pathways
characterized by neutrophilic and macrophage infiltrates,
respectively. Finally, Bending et al. [22] and Martin-
Orozco et al. [23] report that Th17 and Thl cells are
involved in the pathogenesis of type 1 diabetes. In fact,
induction of diabetes in NOD/SCID mice via adoptive
transfer of Thl cells from BDC2.5 transgenic mice is
prevented by treatment of recipient mice with a neutraliz-
ing IFN-y-specific antibody, suggesting a major role of Thl
lymphocytes in the induction of the disease. Nevertheless,
transfer of highly purified Th17 cells from BDC2.5 trans-
genic mice also causes diabetes in NOD/SCID recipients
with similar rates of onset as in the transfer of Thl cells.
However, treatment of NOD/SCID mice with neutralizing
IL-17-specific antibody does not prevent the development
of the disease. Therefore, it has been suggested that islet-
reactive Th17 lymphocytes are able to promote pancreatic
inflammation, but only induce type 1 diabetes after con-
version into IFN-y producing cells thus confirming the
plasticity of the Th17 population. The critical points of
the pathophysiology of Th-17 cells are summarized in the
Fig. 1.

Based on the current knowledge, it appears that Th17
cells are responsible for many of the inflammatory and
autoimmune responses once attributed to Th1 lymphocytes.
This review focuses on the key role of IL-17 in the path-

Rheumatoid arthritis

Rheumatoid arthritis (RA) is characterized by the chronic
inflammation of the synovium membrane of the joints.
Resulting cell interactions induce proinflammatory cyto-
kine production that in turn activates the release of prote-
ases leading to bone and cartilage destruction. Concordant
results using mouse and human models of RA show that
IL-17 is involved in the proinflammatory responses asso-
ciated with joint inflammation, cartilage damage and bone
erosion [24]. The link between IL-17 and RA was rein-
forced when it was shown that pieces of RA synovium
could produce bioactive IL-17, and that the synovial fluid
from RA patients contains IL-17 that promotes osteo-
clastogenesis by inducing the expression of the receptor
activator of NF-xkB Ligand (RANK-L) on mesenchymal
cells [24-26]. Furthermore, a strong correlation between
IL-15 concentration and IL-17 level in the synovial fluid is
reported in RA patients [26]. Moreover, a subset of infil-
trating T cells in RA synovium expresses IL-17. RA syn-
ovium pieces induce a massive production of IL-6 by RA
synoviocytes, and anti-IL-17 monoclonal antibody signifi-
cantly decreases IL-6 production [24]. In addition to syn-
ovium inflammation, IL-17 induces bone resorption [24,
27] and contributes to joint prosthesis loosening and peri-
odontal disease [24, 28]. In a clinical study of RA patients,
the expression of IL-17 in synovium biopsies is associated
with an increase in both activity and severity of the disease
[20, 24-30]. It is also proposed that IL-17 may activate the
alternative complement pathway proteins C3 and factor B,
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activation of the alternative complement pathway have also
been implicated in the pathogenesis of autoimmune
arthritis [31].

IL-17 may intensify local inflammation by promoting
angiogenesis, and recruiting innate immune cells into the
joints. Indeed, IL-17 increases the production and expres-
sion of vascular endothelial growth factor (VEGF) in RA
fibroblast-like synovial cells in vitro thus favoring neutro-
phils, macrophages and T lymphocytes recruitment into the
joints [31]. Moreover, RA synovium-derived T cells
express the lymphocyte adhesion molecules LFA-1 and
CD2, which are the ligands of synovial cell ICAM-1 and
LFA-3 molecules, respectively, and constitutively express
IL-17, while the surrounding synovial macrophages and
fibroblasts produce IL-15, a known stimulus for IL-17 [31].
Furthermore, IL-23, which is a differentiating cytokine for
Th17 cells, plays a key role in the pathogenesis of joint
inflammation and in the progression of the disease [31, 32].
Indeed, Murphy et al. [32] have demonstrated that IL.-23/
p19-deficient mice are resistant to the development of the
autoimmune inflammation of joints, and are unable to
generate IL-17 producing CD4+4 Thl7 lymphocytes.
Additionally, IL-17 induces in synoviocytes the expression
of cyclooxygenase-2 (COX-2), a stress response molecule
contributing to the high levels of prostaglandin E2 (PGE2)
observed during inflammation. Of note, PGE2 favors the
expansion of the Th17 lineage by shifting dendritic cells
from IL-12 to IL-23 phenotype [30]. By contrast, experi-
mental models of arthritis demonstrate that COX-2 defi-
ciency attenuates acute and chronic inflammation [25].
Finally, IL-27, which is the most recently described
member of the IL-12 family, is suggested to be involved in
the early initiation of the Thl responses [33]. IL-27 binds
to a receptor composed of WSX-1/TCCR and gpl30, the
latter of which serves as a common signal transduction
receptor for IL-6-related family members. IL-27 inhibits
the IL-6 plus transforming growth factor (TGF)-f-medi-
ated differentiation of Th17 lymphocytes and mice defec-
tive for IL-27 receptor WSX-1 show higher levels of
circulating Th17 cells. Therefore, IL-27 generally exerts
anti-inflammatory activity and may be regarded as a sup-
pressor of autoimmunity [33].

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) has been classically
considered a complex autoimmune disease in which T cell-
driven autoimmune response against ubiquitously expres-
sed autoantigens results in clinically and pathologically
diverse manifestations [1, 34]. Although the presence of a
large array of autoantibodies is perhaps the most typical
characteristic of SLE patients, target organ infiltration and
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chronic inflammation are essential pathogenic features that
result in end-organ damage in most SLE clinical manifes-
tations such as nephritis, vasculitis and discoid lupus
[1, 35]. Recent evidence indicates that [L-17 plays a role in
the pathogenesis of SLE. SLE patients have higher serum
levels of IL-17 and IL-23 than healthy controls [1, 36].
Moreover, the frequency of IL-17-producing T lym-
phocytes is increased in the peripheral blood of SLE
patients, and plasma IL-17 levels show a positive correla-
tion with SLE disease activity [1, 36]. Recent work dem-
onstrates that a significant fraction of the IL-17 produced in
SLE patients derives from double-negative (DN) TCR-
of+CD4—CD8— T lymphocytes [37]. Scarce in healthy
individuals, DNT cells are expanded in the peripheral blood
of SLE patients, and produce IL-17 and IFN-y. Moreover,
DN T lymphocytes and IL-17-producing T cells are also
found in kidney biopsies from patients with lupus nephritis.
The finding of DN T lymphocytes within a T cell infiltrate
confirms their capacity to accumulate in inflamed tissue,
and strongly suggests that they play a pathogenic role in the
local inflammatory response favoring the amplification and
the perpetuation of the damage in the organs targeted by
SLE [1, 37]. Lastly, IL-17 also induces the activation of B
lymphocytes increasing autoantibodies production [1].
Zhang et al. find that T cells from lupus-prone animals
express high levels of IL-17A, and that IL-17 A+ cells can
be identified in the kidneys of mice with active nephritis
[38]. These IL-17A+ cells are overwhelmingly CD4—
CD8—, a finding that is in keeping with the human data.
Moreover, as the mice age and the disease worsen, lym-
phocytes progressively express higher levels of IL-17A.
These observations provide a link between IL-17A and
immunopathology in murine lupus. This adds SLE to a list
of experimental autoimmune diseases (e.g., experimental
encephalomyelitis, experimental arthritis) where Thl7
lymphocytes are found in the areas of tissue damage [25, 30,
38]. The lymphocytes isolated from lupus-prone animals
progressively express higher levels of IL-23 receptor
mRNA as their disease becomes more severe. Even more
importantly, IL-23 induces proliferation of DN T lympho-
cytes in vitro. Therefore, IL-23 seems to act as a “trophic/
inducing” cytokine for a specific subset of T lymphocytes
that do not bear the CD4 or CD8 molecules and produce
IL-17 instead of the classic IL-2 and IFN-y. Moreover,
IL-23 acts as a differentiating factor for activated but not
naive CD4+ T cells [38]. Finally, IL-23 also promotes an
autoimmune humoral response with autoantibodies depo-
sition in the kidneys and complement activation resulting in
nephritis. One possible mechanism that would explain this
phenomenon is that IL-23-induced Thl7 lymphocytes
(primarily DN T lymphocytes) provide excessive help to B
lymphocytes, favoring IgG deposition in the kidneys, rather
than attracting leukocytes in the site of inflammation [38].
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Psoriasis

Psoriasis is a polygenic chronic inflammatory disease with a
significant proportion of patients suffering from additional
joint involvement, which may finally lead to joint destruc-
tion and significant functional impairment. Interestingly,
evidence is accumulating in recent years that psoriasis may
be a multisystem disease involving even coronary arteries
and the heart [25, 39, 40]. Epidermal thickening (acantho-
sis) of the skin is a hallmark of psoriasis. Skin biopsies from
patients with psoriasis show a high expression of IL-17 as
well as of IL-23 and IL-22. Nevertheless, the respective
contribution of these cytokines in the pathogenesis of the
disease remains unclear, even if it has been demonstrated
that IL-22 mediates IL.-23-induced acanthosis [24, 25]. The
positive results from a clinical trial with an anti-IL-17
antibody obtained in patients with psoriasis [24] seem to
confirm a major role for IL-17 in the development of pso-
riasis, but do not exclude an indirect effect mediated by
other cytokines like IL.-22 and IL-23. Moreover, in skin
biopsies obtained from patients with psoriasis and treated
with a TNF-o inhibitor, a decreased expression of IL-23,
IL-22 and IL-17 is observed, suggesting possible interac-
tions of these cytokines with TNF-o [24].

Multiple sclerosis

Multiple sclerosis (MS) is a chronic inflammatory demy-
elinating disease of the central nervous system generally
affecting the white matter, which develops in genetically
predisposed individuals. It is well known that IFN-y plays
an important role in MS [25], however, recent research
shows that monocyte-derived dendritic cells obtained from
patients with MS secrete higher amounts of IL-23 than
healthy controls, suggesting that the IL-23/Th17 pathway
may also play a role in the development of MS [41]. Using
in situ hybridization, Matusevicius et al. demonstrate
higher numbers of IL-17 mRNA-positive mononuclear
cells in the peripheral blood of 40% of patients with MSas
compared with healthy subjects [41]. Interestingly, patients
with disease exacerbation have 3.5-times more IL-17
mRNA-positive mononuclear cells than patients in remis-
sion [41]. Furthermore, patients with MS have a significant
number of IL-17 mRNA-positive mononuclear cells in the
cerebrospinal fluid as compared to patients suffering from
other non-inflammatory neurological diseases, suggesting
an enrichment or accumulation of Th17 lymphocytes at the
sites of inflammation in MS [41]. Finally, CD4+ T cells
isolated from patients with MS and stimulated in vitro with
an anti-CD3 antibody, produce significantly more IL-17
than T cells from healthy controls, whereas secrete com-
parable amounts of IFN-y [41].

Crohn’s disease

Crohn’s disease and ulcerative colitis are the two main
chronic inflammatory bowel diseases. Crohn’s disease
affects specific locations of the digestive tract that differ
from those affected in ulcerative colitis. In both diseases,
local inflammation in the mucosa leads to the destruction of
the lamina, with complications such as perforations and
internal or external fistulas. Inflammatory joint manifesta-
tions different from those seen in RA may be associated.
Although their exact etiology is still not completely
understood, it has been proposed that their pathogenesis is
characterized by an exaggerated immune response in
genetically susceptible individuals [42]. As in RA and
psoriasis, the contribution of TNF-« is demonstrated by the
positive effect of TNF-« inhibition in a significant pro-
portion of patients with chronic inflammatory bowel dis-
eases [24]. Studies performed with endoscopic bowel
biopsies show that IL-23, IL-17 and IL-12 are over
expressed in mucosal lesions of Crohn’s disease [43].
Studies in autoimmune animal models, traditionally rec-
ognized as Thl-disease models, revealed that tissue
inflammation does not develop in mice deficient in the
IL-23p19 subunit, while inflammation is seen in IL-12p35
deficient mice, suggesting that these models of autoim-
munity are linked to Th17 and not primarily to Thl
responses [44]. Moreover, CD40-induced colitis depends
on IL-23p19 secretion, while IL-12p35 secretion controls
wasting disease and serum cytokine production, but not
mucosal immunopathology [44]. Novel data also indicate
that IL-23 restrains regulatory T cells (Treg) activity to
drive T lymphocyte-dependent colitis. The frequency of
naive T cell-derived forkhead box P3 (FOXP3)+ cells in
the colon increases in the absence of IL-23, indicating a
role for IL-23 in controlling Treg induction. FOXP3-defi-
cient T cells induce colitis when transferred into recipients
lacking IL-23p19, showing that IL-23 is not essential for
intestinal inflammation in the absence of FOXP3 [44, 45].
These data suggest that the over-riding immunosuppressive
activity is an important function of IL-23 in the intestine.
An increased number of T lymphocytes expressing reti-
noid-related orphan receptor-yt (RORyt), the master tran-
scription factor for Th17 cells, in the lamina propria of
patients with Crohn’s disease is also demonstrated [44].
However, a number of investigators identify a subset of
Th17 lymphocytes that may coproduce the Thl cytokine
IFN-y [7, 44]. This finding is particularly prominent at sites
of inflammation in active Crohn’s disease, suggesting that
IFN-y may not always downregulate IL-17A production,
and may contribute to the pathogenetic and proinflamma-
tory functions of Th17 cells. Indeed, increased expressions
of IL-17A and IL-17F mRNA are found in the intestinal
mucosa of patients with Crohn’s disease [44]. Two
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independent studies also demonstrate Th17 cells in the
peripheral blood and in the gut from patients with Crohn’s
disease. These cells are characterized by the expression of
RORyt, IL-23R and CCR6, whereas they lack CXCR3, a
chemokine receptor that is characteristic of Thl cells [7,
44]. Moreover, Annunziato et al. demonstrate IL-17A-
producing T cells in the gut, including T lymphocyte
populations that also express both IL-17A and IFN-y
named “Th17/Th1” cells [7]. Finally, very recent findings
implicate CD161 as a novel surface marker for human
Th17 lymphocytes, and prove the exclusive origin of these
cells from a common CD161+ CD4+ T cell progenitor
[7, 44]. Therefore, the interactions between Th1l and Th17
lymphocytes and the role of IFN-y on Th17 cells may be
more complex than previously assumed, and require further
analysis to delineate the specific contributions of these cell
lines to the development of Crohn’s disease.

Allergic rhinitis and asthma

Allergic rhinitis and asthma are characterized by an
inflammatory reaction associated with increased production
of Th-2-type cytokines, such as IL-4 and IL-13. Indeed,
peripheral blood mononuclear cells of allergic rhinitis
patients predominantly produce IL-4 with respect to I[FN-y.
However, Th-1-type cytokines may also be involved in
inflammatory events arising in allergic rhinitis by producing
IFN-y [46]. In fact, serum IL-17 levels seem to be signifi-
cantly related to some clinical and inflammatory parameters
in patients with persistent moderate-to-severe allergic
rhinitis evaluated during the pollen season. Moreover,
serum IL-17 levels correlate well with clinical severity as
documented by symptom score and drug consumption.
In addition, serum IL-17 levels correlate with allergic
inflammation as documented by the relationship found with
the number of peripheral blood eosinophils. [46]. Finally,
Th-17 cells may be implicated in chronic events of allergic
reaction that endure over time until allergen exposure
occurs [46]. Therefore, IL-17A may be proposed as a new
biomarker of disease progression and allergy severity. Ex
vivo analysis of peripheral CD34 CD4+ T lymphocytes
clearly shows that allergic patients have significantly more
elevated percentages of CD4+ IL-174+ and CD4+ IFN-
y+IL17+ T cells than normal controls, further underlying
the possible role of Thl17 cells in allergic inflammation
during pollen exposure. Furthermore, allergen stimulus is
able to induce an expansion of both CD4+ IL-174 and
CD4+ IFN-y+IL17+ allergen-specific T clones at a higher
frequency in allergic patients than in normal controls and
CD8+ IL-17+ and CD8+ IFN-y+IL17+ T cells also occur
more frequently in allergic patients than in normal subjects
[47]. As previously reported, Cosmi et al. [18] postulate that

@ Springer

Th17/Th2 lymphocytes originate from memory CCR6+
CD161+ CD4+ T cells when exposed to IL-4, suggesting
that an IL-4 rich microenvironment favors the shifting of
Th17 cells to Th17/Th2 cells. The demonstration in vitro
and ex vivo of CD4+ T lymphocytes able to produce both
Th17 and Th2-related cytokines, together with their
increase in the circulation of patients with asthma, raises the
important question of the pathophysiological role of this
novel subset in allergic disorders. Lajoie et al. [48] dem-
onstrate a critical role for complement-mediated regulation
of the IL-23/Th17 axis in severe asthma. Indeed, as the gene
encoding C5 has been identified as a susceptibility gene for
asthma, these authors explore the possibility that its alter-
ations may underlie excessive Th17 production in suscep-
tible strains of mice. They prove a direct link among C5aR
signaling, IL-17A production and severe airway hyperre-
sponsiveness (AHR), as the enhancement of AHR severity
noted in mice after C5aR blockade is completely reversed
by concurrent IL-17A blockade. The ability of C5a to
stimulate IL-10 production probably explains its ability to
suppress IL-12p70 and 1L-23p19, and, thus, Th1 and Th17
responses, respectively, supporting the hypothesis that C5a
regulates the maintenance of tolerance at the mucosal sur-
face [48]. In contrast, polymorphisms in the gene encoding
C5 are associated with protection from asthma in humans
[48]. The activation of C3 after the exposure to allergens
favors the shift toward the activation of the IL-23/Th17
axis. Finally, once produced, IL-17A alone or synergisti-
cally with IL-13, initiates an amplification loop by directly
inducing more C3 production by pulmonary cells, enhanc-
ing IL-23 production, and thereby perpetuates the response.
Therefore, this aberrant Th-17 response occurs as a result of
a shift from C5a-driven tolerance toward C3a-driven Th-17
responses at the airway surface [48]. Finally, IL-17
expression by both T cells and eosinophils is increased in
the airways of asthmatic patients, and is required during
initial allergic sensitization, although it is yet uncertain
whether it is correlated with neutrophilic inflammation and
the development of airflow obstruction [48]. Collectively,
these results confirm that Th17 lymphocytes may be
involved in the immune response to causal allergens, and
could contribute to the worsening of the inflammatory dis-
ease in patients with allergic rhinitis and asthma.

The implications of Th-17 cells in the reported auto-
immune and chronic inflammatory diseases are summa-
rized in Table 1.

Conclusions and future directions
The complex series of processes involved in the protection

against immune responses toward self-antigens is known as
immunological tolerance. Mechanisms operating at the
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Table 1 Thl7 implication in

. . Disease
autoimmune and chronic

Th17 cells effects Biological consequences

inflammatory diseases Rheumatoid arthritis

Systemic lupus erythematosus

Psoriasis

Multiple sclerosis
Crohn

Allergic rhinitis, asthma

RANK-L upregulation
Complement activation
CO2 and PGE2 expression
VEGEF expression

Osteoclastogenesis, bone resorption
Synovial inflammation

Synovial inflammation
Inflammatory cells recruitment

B lymphocytes activation Autoantibodies production
Chemokine production Inflammatory cells recruitment
Tissue damage

Skin damage (?)

Unknown effects

TNF-a production (?)
Unknown role

IFN-y co-expression Intestinal inflammation
IFN-y co-expression Bronchial inflammation

Complement activation Airway hyperresponsiveness

level of primary lymphoid organs (bone marrow and thy-
mus) and at the level of secondary lymphoid organs
(spleen, lymph nodes and mucosal lymphoid tissue) have
been described. Failure or breakdown of mechanisms
responsible for the development or maintenance of immu-
nological tolerance, result in immune responses against
autoantigens, and thus, in the development of autoimmune
diseases [49]. Moreover, in the majority of autoimmune
diseases, both genetic and environmental factors together
contribute to induce the breakdown of tolerance against
self-antigens. Infections are certainly critical in triggering
autoimmune responses through different mechanisms
including those inducing Thl or Thl7 cell responses
against self-peptides cross-reactive with microbial peptides
(epitope mimicry) [49]. The identification of IL-17 pro-
ducing T lymphocytes as a distinct subset of proinflam-
matory helper T cells has broken down old paradigms
concerning the role of Thl lymphocytes in autoimmune
disorders. Growing evidence indicates that IL-17 plays a
key role in various steps of RA, SLE and other autoimmune
and chronic inflammatory diseases development, and is
associated not only with T cell-mediated tissue injury, but
also with the production of pathogenic autoantibodies.
Although a growing list of diseases has been associated
with IL-17, the final demonstration of its contribution to
disease pathogenesis is still missing. Therefore, it appears
crucial to determine the details and resolve the inconsis-
tencies surrounding the involvement of the Th17 network
in autoimmune diseases in order to design specific thera-
pies that not only reduce the degree of inflammation, but
also delay the progression of the disease. Cytokine tar-
geting with various inhibitors including monoclonal anti-
bodies against TNF-a and IL-6 receptor as well as with
TNF-o soluble receptor and IL-1 receptor antagonist is
efficacious in several immune mediated diseases. Analo-
gous tools are now available to target the IL-17 pathway
including monoclonal antibodies against IL-17 and IL-17R,

and active research is looking for small molecules able to
control RORyt, the transcription factor characteristic of the
Th17 pathway.
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