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IL-17 (IL-17A) is a pro-inflammatory cytokine produced by a sub-set of T helper cells
termed Th17 cells primarily in response to cytokines like TGF-b and IL-23 and play an
important role in host defense. IL-17 signals via the IL-17RA/RC heterodimer and the
adaptor protein Act1 to activate both canonical and non-canonical pathways inducing
transcriptional activation and stabilization of mRNAs. IL-17 appears to act not directly on
immune cells but stimulates stromal cells such as endothelial and epithelial cells and
fibroblasts to secrete other immunomodulatory factors. Fibroblast activated by IL-17 can
support the growth and differentiation of immune cells. Studies have begun to uncover a
dual role for IL-17; on one hand enhancing immune reactions and promoting inflammatory
diseases and on the other decreasing responses and immune activity in established
disease settings. The balance of double-edged sword effect of IL-17 and autoimmunity is
illustrated in a variety of human diseases and experimental models of diseases.
Specifically, the emerging interest in autoimmunity in systemic sclerosis (Scleroderma,
SSc) has led to potential role of IL-17A as a target therapy in this disease.
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INTRODUCTION: IL-17 AND TH17 CELLS

IL-17 family of cytokines comprises of different members which include IL-17B, IL-17C, IL-17D
(also known as IL-27), IL-17E (also known as IL-25) and IL-17F (1), with IL-17A being the most
studied one. IL-17 has pleiotropic functional impact on various cell types in human body,
contributing to host defense against opportunistic pathogens infection (2) such as Candida and
occurrence of chronic inflammatory disorders (2).

Most IL-17-secreting cells belong to the lymphoid lineage including natural killer (NK) cells, NK
T cells (NKT), type 3 innate lymphoid cells (ILC3), gamma/delta T cells, and CD4+ T cells (1). Th17
cells are a group of CD4+ helper T cells primarily located in barrier organs in steady state (2)
providing a defensive role upon the entry of pathogens. Their principal products are IL-17A, IL-17F,
IL-21, and IL-22 (1). It was found that TGF-b, IL-21, IL-6, IL-1b are all critical mediators of the
process of Th17 cell differentiation (3). TGF-b and IL-6 (4) can promote the recruitment and
phosphorylation of STAT3 (5), leading to induction of the transcription factor retinoic acid
receptor-related orphan nuclear receptor gamma t (RORgt) (2) which is the essential and specific
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regulator in Th17 cells (5). Regulatory T cells (Tregs) are a group
of T cells that function to monitor and contain abnormal
activation of immune system. Interleukin-1b and IL-6
downregulate while TGF-b induces transcription factor of
Tregs (1). This indicates the delicate conversion between these
two separate cell lines and the equilibrium between which (6)
play a significant and positive part in the maintenance of
immune homeostasis (2). Inhibition of Tregs and Th1 signals/
enhancement of Th17 and Th2 signals (6) has been indicated to
contribute to the pathogenesis of SSc. PGI2 analogues are also
suggested to induce Th17 while inhibit Th1 cell responses in SSc
(7). IL-23, a heterodimer consisting of an IL-12/IL-23 common
p40 subunit and an IL-23 specific p19 subunit (3), stimulates
various pathways to promote generation and stabilization of final
mature Th17 cells (8). Blimp-1 has been suggested to be an
essential transcription factor downstream of IL-23 signaling
pathway that acts together with RORgt during the process of
differentiation of Th17 cells (8).

IL-17 receptor is found to express ubiquitously in multiple
cell lines (8), resulting to the release of an extensive range of
cytokines in epithelial cells, endothelial cells and fibroblasts (6)
(as shown in Figure 1). The IL-17 receptor family is composed of
five members (IL-17RA, IL-17RB, IL-17RC, IL-17RD, and IL-
17RE) (9). All IL-17 receptor family contain a similar
intracellular conserved cytoplasmic SEF/IL‐17R (SEFIR) motif
(2). IL-17A is secreted either as homodimer of IL-17A/IL-17A or
as IL-17A/IL-17F heterodimer (6), and they signal through the
same receptor subunits comprised of an IL‐17RA chain and an
IL‐17RC chain (1, 6). IL-17F among other IL-17 family
members, is the most analogous one to IL-17A, sharing more
than half of similarities structurally with IL-17A. Nevertheless
IL-17F signaling strength is much weaker (6) than that of IL-17A
possibly due to its weaker affinity upon binding with receptors
(10). IL-17A binds with the IL- 17RA/RC receptor complex in
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order to exert its function. Act1, a ubiquitin ligase in its
downstream pathway is recruited to further recruit tumor
necrosis factor (TNF) receptor-associated factor 6 (TRAF6).
TRAF6 is ubiquitylated by Act1 then activates the nuclear
factor kappa B (NF-kB) and mitogen-activated protein (MAP)
kinase pathways (2), including extracellular signal‐regulated
kinase (ERK), p38 and JUN N‐terminal kinase (JNK) (11).
ROLE OF IL-17 IN INFLAMMATION

IL-17 exerts a protective role against many infectious diseases,
while promoting inflammatory pathology in autoimmune
diseases at the same time (8). The delicate control over the
balance between protective and pathogenic sides of IL-17 is
worthy of further investigation to achieve optimal regulation
(12). IL-17 exerts its protective role in barrier immunity through
promoting the production of antimicrobial factors and
contributing to the recruitment of neutrophils (13). Defective
IL-17 secretion could lead to chronic mucocutaneous candidiasis
(14) thus confirming its protective function in mucosal
immunity. IL‐17 exerts its pro-inflammatory roles by inducing
various pro-inflammatory genes in its downstream signaling
pathways. For instance, IL-17A could induce in target cells the
expression of neutrophil chemoattractants such as CXCL1,
CXCL2, CXCL5, and CXCL8; CCL20 is expressed stronger
under IL-17A stimulation which promotes the recruitment of
lymphocytes; growth factors such as G-CSF and GM-CSF are
upregulated as well (2, 6, 11). In the meantime CCL20 also
facilitates the recruitment of Th17 cells to the site where
inflammation occurs thus creating an auto-enhancing loop of
Th-17 related pathways (2). IL-17 is significant in its capacity to
synergize with other cytokines such as TNF-a, IL-1b, IL-22,
IFN-g, and GM-CSF to enhance production of inflammatory
FIGURE 1 | IL-17 signaling pathways. IL-17A/A homodimer, IL-17F/F homodimer and IL-17A/F heterodimer can each stimulate IL-17RA and IL-17RC receptor
complexes on the surface of target cells like epithelial cells, endothelial cells and fibroblasts. The SEFIR motif recruits Act1 leading to the induction of downstream
NF-kB and MAPK pathways. Pro-inflammatory cytokines like IL-1, IFN-g, and IL-8 are then induced.
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mediators like IL-6 and IL-8 (2). Katz et al. reported in 2000 the
regulatory effect of IL-17 in the process of complement protein
synthesis. IL-17 alone could stimulate C3 synthesis while IL-17
and TNF-a synergize together to induce factor B production.
Pro-inflammatory role of IL-17 is further proved considering the
participation of C3 and factor B in immunobiological activities
(15). C9 proteins are involved in local inflammatory responses in
alveolar epithelial cells. Cipolla et al. first suggested in their
studies that IL-17A actively induce C9 cascade in lung fibrosis.
This participation in epithelial injury and fibrosis is achieved via
p38MAPK signaling pathway activation. Antagonizing IL-17A to
ameliorate C9 cascade could provide new strategies to abrogate
lung fibrosis (16). In all, IL-17 is a key mediator in inflammatory
reactions happening in the context of an environment under the
influence of mutual actions of various different kinds of
cytokines (12).

IL-17 and other Th17 cytokines can contribute to the
pathogenesis of a diverse range of multiple autoimmune and
inflammatory diseases (8), including psoriasis, inflammatory
bowel disease (IBD), rheumatoid arthritis (RA), and multiple
sclerosis (MS) (4). In rheumatoid arthritis, for example, IL-17-
induced cytokines has a pro-inflammatory impact on flare-ups of
this disease (8). IL-6 induced by IL-17 maintains the Th17-cell
population, creating a self-reinforcing loop thus promoting and
maintaining this chronic inflammatory state of RA (8). IL-17
family cytokines are also known to play a role in cancer
immunity. IL-17A/F could manipulate immune cells such as
macrophages leading to progression of lung cancer cell growth
(17). IL-17-induced EMT contributes to the evolvement of lung
cancer, actively stimulating cell migration and invasion via its
downstreammediator NF-kB (18). The ‘‘IL-23-IL-17 axis’’ is also
suggested to be a key driver and IL-23 and IL-17A are critical
mediators of autoimmune diseases like psoriasis (19, 20).
IL-17 AND SYSTEMIC SCLEROSIS

Systemic Sclerosis (SSc) is a disease characterized by ECM
deposition and diffuse fibrosis of the skin and internal organs
(21). Its etiology remains a mystery yet to be discovered. Its
etiology in particular autoimmunity has drawn significant
interests recently and the emerging positive results from recent
clinical trials targeting key immune pathways are testaments to
the key role of autoimmunity in SSc pathogenesis (22). The
interactions between various altered cell types such as epithelial
cells, endothelial cells and immune cells and the pathogenic
molecules they secreted resulted in typical changes in fibroblasts
properties (21). T cells in particular are said to act an active part
in this process (23), and play a prominent role in the
pathogenesis of SSc. Being at the site of fibrosis, the soluble
profibrotic mediators (IL-4, IL-6, IL-13) released by Th2 cells
and their interactions with fibroblasts promoted the deposition
of excess ECM and induced fibrosis in SSc (24).

Fibroblasts are a group of cells that can be originated
from various different cell types. Once activated during the
abnormal pathogenic process, they can transdifferentiate into
Frontiers in Immunology | www.frontiersin.org 3
myofibroblasts (25), which express a-smooth muscle cell actin
(a-SMA), rendering its contractile capacity (26). Stimulated by
mediators like IL-6, TGF-b, they can promote expression levels
of type one collagen and fibronectin (26), contributing to the
reprogramming of extracellular matrix and formation of
pathological fibrosis of multiple organs. Key factors that are
thought to play a critical role in the pathogenesis and progression
of SSc are suggested as immunological disorder, environmental
factors (silica exposure, chlorinated solvents, trichloroethylene,
aromatic solvents), genetic factors and oxidative stress (21).

Abnormal T cell activation is a crucial part in the initiation
and progression of systemic sclerosis (23). The subtle regulation
between interplay of Th1/Th2 cells have long been the focus of
stage. Either by releasing soluble mediators like IFN-g (Th1
cells), IL-4 and IL-13(Th2 cells), or by contacting directly with
fibroblasts, Th1 cells are thought to be anti-fibrotic by inhibiting
ECM deposition and promoting MMP secretion (27), while Th2
cells are the opposite. Fibroblasts respond to the refined control
over stimulation by Th1/Th2 cells and followed by secretion of
mediators. These mediators are anti-angiogenic and anti-fibrotic
in the context of Th1 cells induction, while others are pro-fibrotic
and pro-angiogenic properties under Th2 cells stimulation (27).
Fibroblasts act as ‘immune sentinels’ through a paracrine
manner by releasing cytokines and having direct and indirect
cell-cell interactions with immune cells. The ongoing bi-
directional communication between immune cells and
fibroblasts was considered the major driver of SSc. T cells
contribute to endothelial dysfunction and the activation of
macrophages and fibroblasts/myofibroblasts through cytokine
while fibroblasts secrete ECM, collagens, glycosaminoglycans
(GAGs) and fibronectin leading to fibrosis formation in SSc
(28). Tregs exert anti-inflammatory role by releasing cytokines
like IL-10 thus providing a protective role against aberrant
immune activation. TGF-b is a critical inducer involved in the
differentiation of Tregs but this induction is inhibited by IL-6
(29). Balance between Th17 cells and Tregs is regulated delicately
in the development of SSc. Abnormal inflammatory changes
occurred early in fibrosis, involving infiltration of mononuclear
immune cells. Chizzolini et al. suggested that activated T cells are
the dominant lymphocyte population in lesional skin and
notably T cell infiltrates correlates with skin involvement
suggesting an association between autoimmunity and fibrosis.
Macrophages and mast cells have been suggested to participate in
this course as well (27). The role of macrophages in progression
of SSc is also worthy of inspection. Macrophages activated by
Th1 cytokines produce pro-inflammatory cytokines, reducing
ECM deposition, while macrophages activated by Th2 cytokines
have an anti-inflammatory, profibrotic phenotype (27). These
profibrotic macrophages are considered as activators in the
fibrotic process. Though mostly related to vasculopathy, the
function of complement in SSc pathogenesis is not fully
known. C5a could induce CD4+ cells into a Th17 profile.
Recent work highlighted that activated CD4+ T cells from
early dcSSc expresses increased IL-17A and this is dependent
on activation of intracellular inhibitory receptor, C5a receptor2.
Biological coupling of perturbed intracellular complement
May 2022 | Volume 13 | Article 885609

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wei et al. IL-17 in Systemic Sclerosis
(complosome) activation may be operational in an array of
autoimmune rheumatic disease states and supports a unique
role of Th1-driven pathology and complement activation.
Notably, antagonizing C3a and C5a receptors leads to
inhibition of EndoMT and abrogation of lung fibrosis in
murine model (30, 31).

Previous studies have shown IL-17A plays a key role in the
fibrotic process of various organs like lung, kidney, heart and
skin. Both the levels of TGF-b and fibroblast TGF-b receptors are
reported to be upregulated in the lungs of idiopathic pulmonary
fibrosis patients (32). Except for TGF-b other cytokines involved
in Th17 differentiation are indicated to induce lung fibrosis as
well (32), suggesting potential role of IL-17A in pulmonary
remodeling (33). By inhibiting Smad-independent pathways,
IL-17A is thought to inhibit TGF-b-induced renal fibroblast
activation (34). In animal models of skin fibrosis IL-17A is
suggested to be a profibrotic mediator via TGF-b-dependent
pathways to induce collagen deposition in skin (35). Systemic
Sclerosis, characterized by fibrosis of multiple organs, is
suggested to be related to a polarization to Th17 pathway-
induced activation of immune responses (36) (more detailed
proposed mechanisms shown in Figure 2).

Studies have shown that Th17 cell–derived IL-17 was
significantly higher in the serum of SSc patients (36). Majority
studies indicate that the levels of IL-17A in SSc serum is
increased while contradictory studies indicating no differences
or lower levels of IL-17A in SSc exist (1). Th17 response is
regulated towards IL-17A pathway instead IL-17F (10). IL-17A+
cells are increased in the dermis of SSc skin (1) while IL-17F +
cells were relatively low in Ssc skin (10). Circulating IL-17A in
serum of SSc patients are high while IL-17F levels were not. Also
IL-17A mRNA from Ssc lesional skin was higher while the trace
of IL-17F mRNA was tiny (10). The numbers of IL-17+ cells are
Frontiers in Immunology | www.frontiersin.org 4
inversely proportional to the extent of severity in SSc (37). It has
been demonstrated that IL-17 promoted the proliferation of SSc
fibroblasts, but the effect on collagen and ECM protein synthesis
is trivial (36). High IL-17E and low IL-17C has been reported in
morphea as well (38). IL-21/IL-21R could be potential
biomarkers presented in early SSc skin lesions indicating SSc is
possibly a Th17-/Th22-driven disorder (39).

IL-17A is indicated to have profibrotic role in mouse models
of lung fibrosis (35). As NF-kB signaling pathway is downstream
of IL-17A and Act1 being the regulator of it, interference of Act1
leads to inhibition of pulmonary fibroblasts proliferation (13).
Previous murine in vivo experiments show that IL-17A induces
mouse skin fibroblasts to release TGF-b, CTGF and collagen; IL-
17 can also promote ECM deposition and epithelial-to-
mesenchymal transition in mouse alveolar epithelial cells via
TGF-b-dependent pathways (23). We can see that IL-17A does
have a pro-fibrotic activity in animal models. Karatas et al.
reported that secukinumab and metformin ameliorated dermal
fibrosis in bleomycin-induced mouse models by decreasing
dermal thickness and tissue IL-17A levels, suggesting the
association of IL-17A with dermal fibrosis in animals (40).
However the pro-fibrotic mechanisms of IL-17A in animal
models cannot be applied to humans (1). No definitive
evidence can prove the role of IL-17A in lung fibrosis
progression involved in SSc patients (1).The dichotomous
nature of IL-17 lies in that it is pro-fibrotic in animal models
while having a dual pro-inflammatory and anti-fibrotic role in
humans (36). This dual role of IL-17A in SSc patients may make
it capable of inducing the inflammatory responses while
protecting against fibrosis at the same time (41). Zhou et al.
have found that IL-17RA is expressed mainly in epidermis in SSc,
while keratinocyte-derived mediators are capable of crossing the
epidermal–dermal basement membrane. Fibroblasts, endothelial
FIGURE 2 | Proposed mechanisms for the role of IL-17A in SSc in mice and humans. In murine models, IL-17A is pro-fibrotic by promoting fibroblast proliferation
and inducing synthesis of collagen and CTGF. In humans, IL-17A was reported to induce pro-inflammatory cytokines while inhibit collagen and CTGF synthesis,
exerting a dual pro-inflammatory and anti-fibrotic role. IL-17A is also related with vasculopathy by promoting endothelial inflammation and smooth muscle cells
proliferation, migration and collagen synthesis.
May 2022 | Volume 13 | Article 885609
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cells, and leukocytes located in dermis are thus stimulated (41).
Dufour et al. observe an anti-fibrotic activity of IL-17A (42) in
organotypic full-skin cultures in the context of simulated
physiological condition under the synergistic influence of
many cell types and cytokines together (1), further confirming
the role of IL-17A in promoting pro-inflammatory and anti-
fibrotic responses (43). Vettori et al. found that IL-17A regulates
T cell-mediated antifibrotic and proapoptotic role in skin
fibroblasts (44). The pro-inflammatory property of IL-17A is
that it promotes production of CCL2, CCL8, IL-6, MMP1, and
the expression of adhesion molecules in dermal fibroblasts and
endothelial cells (1). Park et al. reported in two different murine
models of SSc, IL-1b and IL-17A showed synergistic effects on
inducing pro-inflammatory mediators like IL-6, MMP-9 and
TGF-b (45). Thus, targeting IL-1 and IL-17A activity could
provide insights into novel treatment strategy in SSc (45). The
anti-fibrogenic property of IL-17A is that it inhibits collagen
production or alpha-smooth muscle actin expression induced by
TGF-b in dermal fibroblasts (1). Dufour et al. reported first the
dual role of IL-17A under the influence of TGF-b. IL-17A could
exert pro-fibrotic function by synergizing with TGF-b to induce
more robust IL-6 production, and in the meantime exert anti-
fibrotic function by inhibiting TGF-b-induced collagen
synthesis. P38 MAPK signaling pathway is suggested to be the
unique joint downstream pathway of this IL-17A and TGF-b
synergy (46). IL-17A can also exerts anti-fibrogenic effect via the
upregulation of miR-129-5p and the downregulation of
connective tissue growth factor (CTGF) and collagen. It has
been suggested that intrinsic activation of TGF-b in SSc
fibroblasts could in turn inhibit expression of IL-17 receptor in
fibroblasts, leading to an amplification of collagen levels and
fibrosis in SSc (47). One possible reason this anti-fibrogenic effect
of IL-17A is not capable of containing the fibrosis in SSc could be
that intrinsic differences between normal and SSc fibroblasts
show that SSc fibroblasts are more resistant than their normal
counterparts in response to collagen inhibition under the
influence of IL-17. This property of SSc fibroblasts may help
them escape or limit the anti-fibrotic effects of IL-17 (40).

As the earliest stage of the course of SSc, vasculopathy
occurred before fibrosis in SSc skin (31). Release of
proinflammatory mediator and vasoactive regulators mark the
beginning of endothelial aberrant activation (48). Newly
expressed adhesion molecules on the surface of endothelial
cells facilitate inflammatory cells infiltration and interaction.
Xing et al. discovered that IL-17A derived from sera of SSc
patients mediates endothelial cell inflammation via ERK1/2
phosphorylation (48). IL-17A induces endothelial cells to
release cytokines and chemokines that attract neutrophils
infiltration. Also, IL-17 is said to induce endothelial cells
apoptosis which further promote endothelial cell dysfunction
in the context of abnormal inflammation (35).

IL-17A has pleiotropic effect on vascular smooth muscle cells
from SSc patients. IL-17A promotes proliferation and migration
of these cells, resemblance to the formation of atherosclerosis
plug (10). Liu et al. discovered that IL-17A from SSc patients
could induce the proliferation, migration and collagen synthesis
Frontiers in Immunology | www.frontiersin.org 5
of DVSMCs via ERK1/2 signaling pathway (49), IL-17A exerts its
pro-fibrotic role in endothelial inflammation in a dose- and time-
dependent pattern (49). IL-17A enhances release of adhesion
molecules such as CCL-20, ICAM-1, CXCR-4 and VCAM-1
(10), attracting neutrophils migrating to the inflammation site.
Xing et al. also found that T cell adherence to HUVECs is
enhance by IL-17A (48).Whether targeting ERK1/2 might be a
potential strategy for the treatment of SSc vasculopathy could be
an interesting topic. Apart from IL-17A, Fukayama et al. found
elevated levels of IL-17F and IL-17E is correlated with
vasculopathy in SSc patients as well by interacting with
receptors on vascular endothelial cells to induce endothelial
cell proliferation (50).
IL-17 TARGETING THERAPY

There are many types of antibodies that block a diverse range of
area in IL-17 pathway in clinical use (as shown in Table 1). The
first clinically used drug that antagonize IL-17A is Secukinumab
approved in 2015 (51). Secukinumab and Ixekizumab inhibit IL-
17A and IL-17A/F and can be used in the treatment of
autoimmune diseases like psoriasis. Bimekizumab is developed
to target both IL-17A and IL-17F at the site of the common motif
they shared. Brodalumab antagonizes with the ubiquitously
expressed common IL-17RA receptor subunit thus have the
potential to inhibit different IL-17 family members at the same
time, such as IL-17A, IL-17F, IL-17C and IL-17E (2, 19). It has
been suggested that blocking IL-17A can also inhibit Calcium
cascade which help to attenuate lung fibrosis (52). IL-23 is
known to be the key mediator in the maturation of IL-17 and
it is consisted of the IL-23-specific p19 subunit and the common
p40 subunit (2). Antibodies against IL-23-specific p19 subunit
include Tildrakizumab and Risankizumab (2, 51). Antibodies
against common p40 subunit shared with IL-12 include
Ustekinumab (51). As IL-17A synergizes with TNF-a,
antibodies like ABT-122 could potentially target TNF-a at one
site and IL-17A at the other (2). IL-17A inhibitors demonstrate a
favorable safety, efficacy, and tolerability profile, bringing the
success of treating of moderate-to-severe plaque psoriasis (53).
Targeting STAT3, the upstream regulator of IL-17 differentiation
has the potential to modulate fibrosis since many other signaling
pathways in fibrotic events converge on STAT3 (49). However it
is exactly because its central role in many immune processes that
its off-target effect when targeting STAT3 needs further
consideration (30). Since IL-17A signaling pathway involves
activation of NF-ĸB, and Act1 is the upstream regulator of this
pathway, silencing Act may provide new insights into next
generation of therapies (13). Dual role of IL-17A and the
subtle balance over its control raises concerns over the use of
antibodies against IL-17——whether it will abrogate fibrosis or
antagonize the protective role of IL-17 remains an issue and
requires further investigations into it. It is worthy of
consideration the protective role of IL-17A in host defense
against infection when blocking IL-17 pathway, as it could
bring detrimental harm (54).
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CONCLUDING REMARKS AND FUTURE

IL-17 (IL-17A) is a pro-inflammatory cytokine produced by a sub-
set of T helper cells termed Th17 cells primarily in response to
cytokines like TGF-b and IL-23. IL-17 plays an important role in
host defense and is linked to various autoimmune diseases
pathogenesis. IL-17 signals via the IL-17RA/RC heterodimer and
the adaptor protein Act1 to activate NF-kB and MAPK pathways.
IL-17 stimulates stromal cells such as endothelial, epithelial cells
and fibroblasts to secrete other immunomodulatory factors. The
pathogenic role of IL-17A in SSc is quite intriguing: on one hand
Frontiers in Immunology | www.frontiersin.org 6
IL-17A promotes secretion of pro-inflammatory cytokines and
enhances immune reactions and on the other it decreases fibrotic
responses and abrogates fibrosis. The potential target therapy
against IL-17A pathways could provide new insights into
treatment strategies of SSc and is worthy of further
deeper investigation.
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10. Bălănescu P, Bălănescu E, Anca B. IL-17 and Th17 Cells in Systemic Sclerosis:
A Comprehensive Review. Romanian J Intern (2017) 55(4):198–204. doi:
10.1515/rjim-2017-0027

11. Gaffen SL, Jain R, Garg AV, Cua DJ. The IL-23–IL-17 Immune Axis: From
Mechanisms to Therapeutic Testing. Nat Rev Immunol (2014) 14(9):585–600.
doi: 10.1038/nri3707

12. Amatya N, Garg AV, Gaffen SL. IL-17 Signaling: The Yin and the Yang.
Trends Immunol (2017) 38(5):310–22. doi: 10.1016/j.it.2017.01.006

13. Yang Y, Zhang T, Li Y, Kang Q, Lei W, Cao Y., et al. siRNA-Act1 Inhibits the
Function of IL-17 on Lung Fibroblasts via the NF-kb Pathway. Respiration
(2013) 86(4):332–340. doi: 10.1159/000348403
14. Eyerich K, Dimartino V, Cavani A. IL-17 and IL-22 in Immunity: Driving
Protection and Pathology. Eur J Immunol (2017) 47(4):607–14. doi: 10.1002/
eji.201646723

15. Katz Y, Nadiv O, Rapoport MJ, Loos M. IL-17 Regulates Gene Expression and
Protein Synthesis of the Complement System, C3 and Factor B, in Skin
Fibroblasts. Clin Exp Immunol (2000) 120(1):22–9. doi: 10.1046/j.1365-
2249.2000.01199.x

16. Fisher AJ, Gu H, Mickler EA, Agarwal M, Wilke CA, Kim KK., et al.
IL-17A Deficiency Mitigates Bleomycin-Induced Complement Activation
During Lung Fibrosis. FASEB J (2017) 31(12):5543–56. doi: 10.1096/
fj.201700289R

17. Silvestre R, Granja S. IL-17A and IL-17F Orchestrate Macrophages to
Promote Lung Cancer. Cell Oncol (2020) 43(4):643–54. doi: 10.1007/
s13402-020-00510-y

18. Li MM, Shen J, Liu F, Cao JY, Jin S, Yu Y., et al. Interleukin-17-Induced EMT
Promotes Lung Cancer Cell Migration and Invasion via NF-Kappa B/ZEB1
Signal Pathway. Am J Of Cancer Res (2015) 5(3):pp.1169–1179.

19. Mcgeachy MJ, Cua DJ, Gaffen SL. The IL-17 Family of Cytokines in Health
and Disease . Immunity (2019) 50(4) :892–906. doi : 10 .1016/
j.immuni.2019.03.021

20. Blauvelt A, Chiricozzi A. The Immunologic Role of IL-17 in Psoriasis and
Psoriatic Arthritis Pathogenesis. Clin Rev Allergy Immunol (2018) 55(3):379–
90. doi: 10.1007/s12016-018-8702-3

21. Chizzolini C, Brembilla NC, Montanari E, Truchetet ME. Fibrosis and
Immune Dysregulation in Systemic Sclerosis. Autoimmun Rev (2011) 10
(5):276–81. doi: 10.1016/j.autrev.2010.09.016

22. Katsumoto TR, Whitfield ML, Connolly MK. The Pathogenesis of Systemic
Sclerosis. Annu Rev Pathol (2011) 6:509–37. doi: 10.1146/annurev-pathol-
011110-130312

23. Wu W, Sun X, Yang J, Xu J, Fu W, Li M., et al. New Insights Into CD4 T Cell
Abnormalities in Systemic Sclerosis. Cytokine Growth Factor Rev (2016)
28:31–6. doi: 10.1016/j.cytogfr.2015.12.002

24. O'Reilly S, Hügle T, van Laar JM. T Cells in Systemic Sclerosis: A Reappraisal.
Rheumatol (Ox Eng) (2012) 51(9):1540–9. doi: 10.1093/rheumatology/kes090

25. Korman B. Evolving Insights Into the Cellular and Molecular Pathogenesis of
Fibrosis in Systemic Sclerosis. Trans Res (2019) 209:77–89. doi: 10.1016/
j.trsl.2019.02.010

26. Wick G, Backovic A, Rabensteiner E, Plank N, Schwentner C, Sgonc R. The
Immunology of Fibrosis: Innate and Adaptive Responses. Trends Immunol
(2010) 31(3): 110–9. doi: 10.1016/j.it.2009.12.001
TABLE 1 | Summary of antibodies that target IL-17 pathways.

IL-17A and IL-17A/F inhibitors Secukinumab
Ixekizumab

IL-17A and IL-17F inhibitors Bimekizumab
IL-17RA inhibitors Brodalumab
IL-23 inhibitors Tildrakizumab

Risankizumab
Ustekinumab

IL-17A and TNF-a inhibitors ABT-122
May 2022 | Volume 13 | Article 885609

https://doi.org/10.1016/j.imlet.2017.09.007
https://doi.org/10.1038/nri.2017.50
https://doi.org/10.5070/D3237035729
https://doi.org/10.5070/D3237035729
https://doi.org/10.3390/ijms19030730
https://doi.org/10.1111/odi.12598
https://doi.org/10.1111/bjd.14703
https://doi.org/10.1136/annrheumdis-2012-201400
https://doi.org/10.1016/j.immuni.2015.11.009
https://doi.org/10.1155/2017/3908061
https://doi.org/10.1515/rjim-2017-0027
https://doi.org/10.1038/nri3707
https://doi.org/10.1016/j.it.2017.01.006
https://doi.org/10.1159/000348403
https://doi.org/10.1002/eji.201646723
https://doi.org/10.1002/eji.201646723
https://doi.org/10.1046/j.1365-2249.2000.01199.x
https://doi.org/10.1046/j.1365-2249.2000.01199.x
https://doi.org/10.1096/fj.201700289R
https://doi.org/10.1096/fj.201700289R
https://doi.org/10.1007/s13402-020-00510-y
https://doi.org/10.1007/s13402-020-00510-y
https://doi.org/10.1016/j.immuni.2019.03.021
https://doi.org/10.1016/j.immuni.2019.03.021
https://doi.org/10.1007/s12016-018-8702-3
https://doi.org/10.1016/j.autrev.2010.09.016
https://doi.org/10.1146/annurev-pathol-011110-130312
https://doi.org/10.1146/annurev-pathol-011110-130312
https://doi.org/10.1016/j.cytogfr.2015.12.002
https://doi.org/10.1093/rheumatology/kes090
https://doi.org/10.1016/j.trsl.2019.02.010
https://doi.org/10.1016/j.trsl.2019.02.010
https://doi.org/10.1016/j.it.2009.12.001
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Wei et al. IL-17 in Systemic Sclerosis
27. Chizzolini C, Brembilla NC, Montanari E, Truchetet ME. Fibrosis and
Immune Dysregulation in Systemic Sclerosis. Autoimmun Rev (2011) 10
(5):276–81. doi: 10.1016/j.autrev.2010.09.016

28. Worrell JC, O'Reilly S. Bi-Directional Communication: Conversations
Between Fibroblasts and Immune Cells in Systemic Sclerosis. J Autoimmun
(2020) 113:102526. doi: 10.1016/j.jaut.2020.102526

29. Hammerich L, Heymann F, Tacke F. Role of IL-17 and Th17 Cells in Liver
Diseases. Clin Dev Immunol (2011), 345803. doi: 10.1155/2011/345803

30. Ahmed S, Misra, Durga P, Agarwal V. Interleukin-17 Pathways in Systemic
Sclerosis-Associated Fibrosis. Rheumatol Int (2019) 39(7):1135–43. doi:
10.1007/s00296-019-04317-5

31. Ong VH, Costantini B, Denton CP, Abraham D, Placais L, Blighe K., et al.
Deep Phenotyping Detects a Pathological CD4 T-Cell Complosome Signature
in Systemic Sclerosis. Cell Mol Immunol (2020) 17(9):1010–3. doi: 10.1038/
s41423-019-0360-8

32. Fusaro E, Nicola S, Bucca C, Peroni C, Parisi S, Cassinis MC., et al. Th-17
Cytokines and Interstitial Lung Involvement in Systemic Sclerosis. J Breath
Res (2016) 10(4):7. doi: 10.1088/1752-7155/10/4/046013

33. Teodoro WR, Santos Filho A, Andrade PC, Eher E, Fernezlian S, Capelozzi VL.,
et al . IL-17 IMMUNOEXPRESSION IS CORRELATED WITH INCREASED
COLLAGEN V IN SYSTEMIC SCLEROSIS PULMONARY FIBROSIS. Rev Bras
Reumatol (2017) 57:S95–6. doi: 10.1016/j.rbr.2017.07.046

34. Wang H, Zhang L, Yang X, Zhang M, Zhu X, Ji X., et al. Role of Interleukin 17
in TGF-b Signaling-Mediated Renal Interstitial Fibrosis. Cytokine (2018)
106:80–8. doi: 10.1016/j.cyto.2017.10.015

35. Ramani K, Biswas PS. Interleukin-17: Friend or Foe in Organ Fibrosis.
Cytokine (2019) 120:282–8. doi: 10.1016/j.cyto.2018.11.003

36. Pereira MC, Dantas AT, Almeida AR, Marques CDL, Rego MJBM, Pitta IR,
et al. IL-17 and Related Cytokines Involved in Systemic Sclerosis: Perspectives.
Autoimmunity (2018) 51(1):1–9. doi: 10.1080/08916934.2017.1416467

37. Brembilla NC, Montanari E, Lonati P, Raschi E, Zeni S, Fontao L., et al.
Interleukin-17a Cell Counts Are Increased in Systemic Sclerosis Skin and
Their Number Is Inversely Correlated With the Extent of Skin Involvement.
Arthritis Rheumatism (2013) 65(5):1347–56. doi: 10.1002/art.37860

38. Brembilla NC, Montanari E, Fontao L, Gabrielli A, Vettori S, Valentini G.,
et al. High IL-17E and Low IL-17C Dermal Expression Identifies a Fibrosis-
Specific Motif Common to Morphea and Systemic Sclerosis. PloS One (2014) 9
(8):.e105008. doi: 10.1371/journal.pone.0105008

39. Hou W, Xu K, Han D, Jiang C, Mou K, Li Y, et al. The Elevated Expression of
Th17-Related Cytokines and Receptors is Associated With Skin Lesion
Severity in Early Systemic Sclerosis. Hum Immunol (2015) 76(1):22–9. doi:
10.1016/j.humimm.2014.12.008

40. Karatas A, Celik C, Oz B, Akar ZA, Etem EO, Dagli AF, et al. Secukinumab
and Metformin Ameliorate Dermal Fibrosis by Decreasing Tissue Interleukin-
17 Levels in Bleomycin-Induced Dermal Fibrosis. Int J Rheum Dis (2021) 24
(6):795–802. doi: 10.1111/1756-185X.14114

41. Brembilla NC, Montanari E, Truchetet ME, Raschi E, Meroni P, Chizzolini C.
Th17 Cells Favor Inflammatory Responses While Inhibiting Type I Collagen
Deposition by Dermal Fibroblasts: Differential Effects in Healthy and Systemic
Sclerosis Fibroblasts. Arthritis Res Ther (2013) 15(5):R151. doi: 10.1186/ar4334

42. Borowczyk-Michalowska ] J, Alvarez M, Truchetet ME, Modarressi A,
Brembilla NC, Chizzolini C., et al. IL-17a Dissociates Inflammation From
Fibrogenesis in Systemic Sclerosis. J Invest Dermatol (2020) 140(1):103–
112.e8. doi: 10.1016/j.jid.2019.05.026

43. Dufour A, Alvarez M, Lemeille S, Truchetet ME, Brembilla NC, Chizzolini C.
FRI0411 Dual Pro-Inflammatory and Anti-Fibrotic Role of Il-17a in Systemic
Sclerosis Skin. Ann Rheum Dis (2018) 77(s2):737–7. doi: 10.1136/
annrheumdis-2018-eular.6784
Frontiers in Immunology | www.frontiersin.org 7
44. Barra G, Russo B, Borgia A, Pasquale G, Pellecchia L, Vicedomini L., et al. T-
Cell Proapoptotic and Antifibrotic Activity Against Autologous Skin
Fibroblasts In Vitro Is Associated With IL-17a Axis Upregulation
in Systemic Sclerosis. Front Immunol (2020) 11:220. doi: 10.3389/
fimmu.2020.00220

45. Moon SJ, Lee EJ, Jung KA, Kim EK, Kim DS, Lee JH, et al. IL-1-IL-17
Signaling Axis Contributes to Fibrosis and Inflammation in Two Different
Murine Models of Systemic Sclerosis. Front Immunol (2018) 9:1611. doi:
10.3389/fimmu.2018.01611

46. Dufour AM, Alvarez M, Russo B, Chizzolini C. Interleukin-6 and
Type-I Collagen Production by Systemic Sclerosis Fibroblasts Are
Differentially Regulated by Interleukin-17A in the Presence of Transforming
Growth Factor-Beta 1. Front Immunol (2018) 9:1865. doi: 10.3389/fimmu.
2018.01865

47. Jinnin M, Yamane K, Honda N, Kajihara I, Makino T, Masuguchi S, et al.
Impaired IL-17 Signaling Pathway Contributes to the Increased Collagen
Expression in Scleroderma Fibroblasts. J Immunol (Baltimore Md. 1950)
(2012) 188(8):3573–83. doi: 10.4049/jimmunol.1100591

48. Yang J, Yang X, Wei Y, Zhu L, Gao D, Li M., et al. IL-17A Induces Endothelial
Inflammation in Systemic Sclerosis via the ERK Signaling Pathway. PloS One
(2013) 8(12):e85032. doi: 10.1371/journal.pone.0085032

49. Liu M, Yang J, Xing X, Cui X, Li M. Interleukin-17A Promotes Functional
Activation of Systemic Sclerosis Patient-Derived Dermal Vascular Smooth
Muscle Cells by Extracellular-Regulated Protein Kinases Signalling Pathway.
Arthritis Res Ther (2014) 16(6):4223. doi: 10.1186/s13075-014-0512-2

50. Yoshizaki A, Fukasawa T, Ebata S, Kuzumi A, Yoshizaki-Ogawa A, Asano Y.,
et al. Interleukin (IL)-17F and IL-17E Are Related to Fibrosis and
Vasculopathy in Systemic Sclerosis. J Dermatol (2020) 47(11):1287–92. doi:
10.1111/1346-8138.15508

51. Kurschus FC, Moos S. IL-17 for Therapy. J Dermatol Sci (2017) 87(3):221–7.
doi: 10.1016/j.jdermsci.2017.06.010

52. Derynck R, Zhang YE. Smad-Dependent and Smad-Independent Pathways in
TGF-[Beta] Family Signalling. Nature (2003) 425(6958):577. doi: 10.1038/
nature02006

53. Ly K, Smith MP, Thibodeaux Q, Reddy V, Liao W, Bhutani T. Anti-IL-17 in
Psoriasis. Expert Rev Clin Immunol (2019) 15(11):1185–94. doi: 10.1080/
1744666X.2020.1679625

54. van den Berg WB, McInnes IB. FRCP, 2013. Th17 Cells and IL-17 A—Focus
on Immunopathogenesis and Immunotherapeutics. Semin Arthritis Rheum
(2013) 43(2):158–70. doi: 10.1016/j.semarthrit.2013.04.006
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wei, Abraham and Ong. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
May 2022 | Volume 13 | Article 885609

https://doi.org/10.1016/j.autrev.2010.09.016
https://doi.org/10.1016/j.jaut.2020.102526
https://doi.org/10.1155/2011/345803
https://doi.org/10.1007/s00296-019-04317-5
https://doi.org/10.1038/s41423-019-0360-8
https://doi.org/10.1038/s41423-019-0360-8
https://doi.org/10.1088/1752-7155/10/4/046013
https://doi.org/10.1016/j.rbr.2017.07.046
https://doi.org/10.1016/j.cyto.2017.10.015
https://doi.org/10.1016/j.cyto.2018.11.003
https://doi.org/10.1080/08916934.2017.1416467
https://doi.org/10.1002/art.37860
https://doi.org/10.1371/journal.pone.0105008
https://doi.org/10.1016/j.humimm.2014.12.008
https://doi.org/10.1111/1756-185X.14114
https://doi.org/10.1186/ar4334
https://doi.org/10.1016/j.jid.2019.05.026
https://doi.org/10.1136/annrheumdis-2018-eular.6784
https://doi.org/10.1136/annrheumdis-2018-eular.6784
https://doi.org/10.3389/fimmu.2020.00220
https://doi.org/10.3389/fimmu.2020.00220
https://doi.org/10.3389/fimmu.2018.01611
https://doi.org/10.3389/fimmu.2018.01865
https://doi.org/10.3389/fimmu.2018.01865
https://doi.org/10.4049/jimmunol.1100591
https://doi.org/10.1371/journal.pone.0085032
https://doi.org/10.1186/s13075-014-0512-2
https://doi.org/10.1111/1346-8138.15508
https://doi.org/10.1016/j.jdermsci.2017.06.010
https://doi.org/10.1038/nature02006
https://doi.org/10.1038/nature02006
https://doi.org/10.1080/1744666X.2020.1679625
https://doi.org/10.1080/1744666X.2020.1679625
https://doi.org/10.1016/j.semarthrit.2013.04.006
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	The Yin and Yang of IL-17 in Systemic Sclerosis
	Introduction: IL-17 and Th17 Cells
	Role of IL-17 in Inflammation
	IL-17 and Systemic Sclerosis
	IL-17 Targeting Therapy
	Concluding Remarks and Future
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


