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Abstract

ABSTRACT

IL-17 (IL-17A, originally called CTLA-8) was cloned in 1993, but its
functions remained obscure for a decade. In 2005, IL-17 became
prominent with the discovery of a new population of CD4" T helper (Th)
cells characterized by the expression of IL-17. This subset became
known as Th17 cells, and a plethora of literature has since been devoted
to understanding the mechanisms that direct the development,
differentiation, and regulation of this lineage. Although Th17 cells are
typically considered the principal source of IL-17, CD8" cells have also
been shown to make this cytokine. In addition, several innate immune
cells produce this cytokine, including neutrophils, macrophages, innate-
acting lymphocytes such as yd T cells, some natural killer T cells (NKT),
and IL-17-expressing type 3 innate lymphoid cells (ILC3s). Collectively,
IL-17-producing cells, whether adaptive or innate, are often termed type
17.

IL-17 is a cytokine that elicits protection against extracellular bacterial
and fungal infections and plays an important role in inflammation.
However, when produced in excess, it contributes to chronic
inflammation associated with many inflammatory and autoimmune
disorders. Indeed, the localized and prolonged release of IL-17 in specific
tissues has been associated with increased severity of the inflammatory
response that remains sustained over time. The cellular and molecular
mechanisms behind these effects are far from being clear. This has made
IL-17 an attractive therapeutic target.

Antibodies targeting IL-17 (secukinumab and ixekizumab) were
approved in 2016 to treat moderate to severe plaque psoriasis. However,
the efficacy of IL-17 blockade for other conditions has been less
dramatic, although there are promising data from trials in ankylosing
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spondylitis and psoriatic arthritis. Disappointingly and somewhat
surprisingly, trials of secukinumab and brodalumab (anti-IL-17RA) in
Crohn’s disease were terminated early due to the worsening of the
disease in the treatment group. An explanation for this paradox came
from studies in mice showing a dominant protective role for IL-17 in
maintaining intestinal barrier integrity that apparently outweighs its
tissue-damaging potential in inflammatory bowel diseases. Thus,
targeting IL-17 is an effective therapy for specific conditions, but its
clinical use has revealed new insights into how Th17 cells function in
humans.

Since the IL-17 discovery, much attention has been given to mediators
and factors responsible for the development of IL-17-producing cells,
while very few studies have investigated the inflammatory properties of
this cytokine. However, recent biochemical and pharmacological studies
have reported that in several tissues and cell types, microsomal
PGE; synthase (mPGES) and peroxisome proliferator-activated receptor
vy (PPAR-y) expression are modulated by a variety of inflammatory
factors and stimuli. Considering that very little is known about the
biological effects promoted by IL-17 in the context of mPGES-1/PPAR-y
modulation, this PhD thesis reports ours in vitro and in vivo evidence that
defines the functional coordinate regulation between these two enzymes
at the "crossroads of phlogistic pathway" involved in the induction and
resolution of inflammation (the first and the second year of PhD).

The latter part of the thesis (the third year of PhD and PhD visiting
program in the UK) is dedicated to the design of peptide molecules that
could be easily synthesized and used as a stable surrogate of IL-17.
Specifically, a 20 amino acid peptide (here referred to as nIL-17™) that
retains the primary biological function of the parental molecule has been
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identified. The peptide was tested in both in vitro and in vivo models of
inflammation, and it has been biologically validated in both murine and
human cellular systems (neutrophils and macrophages). In addition,
enzymatic binding assays were contextually performed to evaluate the
peptide’s binding affinity on IL-17 receptors (both IL-17RA and IL-
17RC).

Finally, last but not least of importance, we describe the synthesis and
main pharmacological properties of a novel patented IL-17 neutralizing
antibody (here referred to as Ab-IPL-1L-17™) that displayed significant
activity on both murine and human biological systems. Also, we describe
the efficacy of Ab-IPL-IL-17™ on fibroblasts from Rheumatoid Arthritis
(RA) patients. Taken together, our evidence paves the way for
discovering new therapeutic approaches to immune-based and

inflammatory-related diseases.
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Introduction

CHAPTER 1. INTRODUCTION
1. IL-17 IN CHRONIC INFLAMMATION FROM DISCOVERY
TO TARGET: FOCUS ON MPGES-1/PPAR-y PATHWAY
1.1 IL-17 and IL-17R family members
Human cytotoxic T lymphocyte-associated antigen 8 (CTLAS8) was
identified in 1993 and named Interleukin- (IL-)17 in 1995 [1]. The first
bioactivity of human IL-17 was described in 1996 by showing the
production of IL-6 and IL-8 from RA synoviocytes in response to 1L-17.
This immediately linked IL-17 to inflammation through IL-6 and to
neutrophil recruitment through IL-8 [2].
Sequence screening identified an IL-17 family comprising six members
from IL-17A (here referred to as IL-17) to IL-17F (Fig. 1). IL-17A and F
are the closest members, with 50% homology. They are secreted as IL-
17A and IL-17F homodimers and as IL-17A/F heterodimers [3, 4]. They
share most of their activities, with IL-17A being more potent than IL-17F
and IL-17A/F having an intermediate activity [5]. IL-17B, IL-17C, and
IL-17D are classified as pro-inflammatory cytokines, but their role is not
fully known. By contrast, IL-17E, also known as IL-25, has the lowest
homology and is involved in T helper (Th)2 cell responses against
parasites and allergies [4]. IL-25 regulates IL-17 function, and this could
possibly occur via competition at the receptor level [6].
IL-17 Receptor (IL-17R) was identified in 1995 as a new type of
cytokine receptor [7]. The IL-17R family was later described with five
subunits, from IL-17RA to IL-17RE (Fig. 1). IL-17A, IL-17F, and
IL17A/F bind the same receptor complex comprising IL-17RA and IL-
17RC subunits [8, 9]. IL-17RA is also a receptor subunit of the receptor
for IL-25, comprising IL-17RA and IL-17RB. This is important when
targeting IL-17RA, which blocks the pro-inflammatory pathways
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mediated by IL-17A, -17F, and -17A/F but also the anti-inflammatory
response mediated by IL-25 (Fig. 1). All receptor subunits have a single
transmembrane domain, and the binding of IL-17 to the IL17RA/RC
complex recruits the ubiquitin ligase Actl via the SEF/IL-17R (SEFIR)
domain [8]. Actl recruits tumor necrosis factor (TNF) receptor-
associated factor 6 (Traf6), leading to the activation of nuclear factor
kappa B (NF-xB) and the mitogen-activated protein (MAP) kinase
pathways. Such activation up-regulates many inflammatory genes,
particularly the neutrophil-specific CXC chemokines [10, 11].

Key: w—= Anti-IL-17A inhibitors
= Anti-IL-17A/F inhibitors

weee  Anti-IL-17RA inhibitor

IL-17A/F

IL-17A () IL-17F IL-17E 1L-17C IL-178 IL-17D
( .
IL-17RA/RC IL-17RA/RB IL-17RA/RE IL-17RB/? IL-17RD/?
! ] ! '
Y
* Inflammatory diseases * Pro-inflammatory activities

¢ Neutrophil recruitment ¢ Th2 induction

* Host defense against e |IL-17/Th17 inhibition
extracellular pathogens
and fungi

Fig. 1. Interleukin (IL)-17 cytokine and receptor family. IL-17
homodimer or heterodimer ligands bind various receptor complexes. IL-
17A and IL-17F bind the IL-17 receptor (IL-17R)A and IL-17RC
complex. IL-17E or IL-25 binds the IL-17RA and IL-17RB complex.
Bars represent the various antibodies in clinical development that target
IL-17A (blue), IL17A and IL-17F (red), or IL-17RA (green). From
Beringer et al. [12].
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1.2 IL-17 in acute and chronic inflammation

In the last few years, the scientific community has focused on IL-17 due
to its pivotal role in the ongoing events typical of some inflammatory-
based chronic diseases [13, 14]. Indeed, this cytokine is implicated in the
mechanisms involved in cell activation, growth, and proliferation [15,
16]. Specifically, current studies have shown a close correlation, in the
early stages of the inflammatory response, between IL-17 and the
recruitment of polymorphonuclear cells (PMNs) [17, 18]. Indeed, both
preclinical and clinical data have underlined the importance of IL-17 as a
regulator of PMNs infiltration due to its chemotactic activity [19, 20]. In
this context, it has been shown that IL-17 plays a main role in neutrophil
maturation and differentiation. This is due to its ability to increase
granulocyte-colony stimulating factor (G-CSF) release [21], thereby
fostering the differentiation of the progenitors hematopoietic CD34*
towards neutrophils [2]. In addition, IL-17 can also induce other
granulopoiesis markers and chemokines, such as growth-regulated
oncogene-a (GRO-a), that regulate neutrophil penetration into tissues
[20, 22]. Furthermore, IL-17 also promotes cyto-chemokines release,
namely IL-1, IL-6, TNFa, macrophage inflammatory protein 2 (MIP-2),
IL-8, Interferon-inducible protein 10 (IP-10), all used by neutrophils in
chemotaxis [23-25].

The involvement of neutrophils and PMNs during the early phase of
acute inflammation  involves  cyto-chemokines released by
macrophages/monocytes subset [26]. It has been reported that the release
of macrophage-related cytokines, including IL-1, TNFo and IL-6, is
prompted by IL-17 to propagate and amplify the inflammatory onset
[27]. Indeed, IL-17 induces monocyte adhesion, increasing the release of

soluble intercellular adhesion molecule-1 (SICAM-1), integrin a4,

10
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platelet endothelial cell adhesion molecule 1 (PECAM-1) and cluster of
differentiation 99 (CD99), representing one of the main stimuli for
monocytes maturation and activation [28]. Further, our recent study has
reported that IL-17 may constitute a specific modulator of inflammatory
monocytes during later phases of the inflammatory response [29].

The biological effects exerted by IL-17 also include its synergistic
activity with other pro-inflammatory “inducers”. IL-17, in combination
with IL-1B and TNFa, enhances the inflammatory reaction in cartilage,
synovium and meniscus [30, 31]. IL-17 is also associated with the
degradation of articular cartilage and destruction of bone due to the
production of the matrix metalloproteinase- (MMP-)1 and MMP-13
collagenases in chondrocytes, the degradation of proteoglycans, and the
expression of IL-6 and leukaemia inhibitory factor in fibroblast-like cells
of the synovium [32, 33]. As schematically reported in Fig. 2, IL-17 can
be considered a "not canonical” pro-inflammatory cytokine considering
the variety of its actions. Indeed, it plays a unique role in the context of
ongoing inflammatory diseases by exacerbating cellular and biochemical
events activated during the acute phase of the inflammatory response.
Although predominantly acting at the local site, IL-17 can also circulate
in the bloodstream and thus may indirectly affect endothelial cell
function inducing vascular inflammation, increasing the risk of
atherosclerosis and/or cardiac and thrombotic events in patients with
certain inflammatory-based diseases [34]. Moreover, IL-17, in
combination with TNFa, is also responsible for a pro-coagulant and pro-
thrombotic state [35, 36], thus providing evidence for its implication in

the cardiovascular events associated with autoimmune diseases [37, 38].

11
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Fig. 2. Biological function of IL-17. Scheme of the main biological
function of IL-17A on different cells and soluble factors. Taking into
account the variety of its actions, IL-17A can be considered a "not
canonical” pro-inflammatory cytokine since it plays a unique role in the
context of ongoing inflammatory diseases by exacerbating cellular and
biochemical events activated during the acute phase of the inflammatory
response. From Maione et al. [39].

1.3 IL-17 and mPGES-1/PPAR-y pathway

Inflammation is a complex defence mechanism characterized by
leukocyte extravasation from the vasculature to local tissue damage
resulting from injurious and noxious agents/stimuli [40]. Neutrophils
dominate the initial influx of leukocytes, followed by monocytes and
macrophages. The recruitment of inflammatory monocytes is correlated
with a transient increase of pro-inflammatory mediators, including
cytokines, chemokines, prostaglandins (PGs), and leukotrienes (LTs) [13,

41].  Indeed, inappropriate monocyte/macrophage survival or

12
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overactivation perpetuates inflammatory pathways and strengthens
disease activity/duration [42]. Therefore, regulating the function of
monocytes/macrophages during inflammation is critical to promote
resolution and healing. PGs and LTs are potent bioactive lipid mediators
involved in the onset of inflammation and numerous homeostatic
functions [43]. Their biosynthesis is initialized by cyclooxygenases
(COXs) isoenzymes (COX-1 and COX-2) that convert arachidonic acid
to PGH2 [44] and subsequently isomerized, by three different PGE>
synthases (situated downstream of COXs in the prostaglandin synthesis
pathway), to PGE. [45]. The cytosolic prostaglandin E» synthase
(cPGES) and the microsomal prostaglandin E» synthase (mPGES)-2 are
constitutive enzymes, whereas mPGES-1 is an inducible isoform [46].
PGE, production can also be indirectly modulated by the alternative
pathway of peroxisome proliferator-activated receptor-y (PPAR-y), a
member of the nuclear receptor superfamily of ligand-dependent
transcription factors activated by 15-deoxy-Al12,14-prostaglandin J>
(15d-PGJ) [47]. Anti-inflammatory effects related to PPAR-y activation
have previously been demonstrated in several studies [48, 49] through its
ability to increase the expression of nuclear factor kappa-B inhibitor a
(IkB-a)), an endogenous inhibitor which interferes with the activation of
p65 NF-xB [50], via its natural ligand 15d-PGJ.. Although a large body
of work has been carried out to elucidate the biological function of
PPAR-y activation, this nuclear receptor's role remains poorly defined in
the context of monocytes/macrophages activation via the arachidonic

pathway.

Several biochemical and pharmacological studies recently demonstrated
a molecular interaction between COXs and PGES isoenzymes, resulting

in preferential functional coupling activity. Specifically, mPGES-2 was

13
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shown to utilize COX-1 to generate PGH. in contrast to mPGES-1,
which uses COX-2 [46]. Moreover, studies with PGES deficient mice
have shown that induced PGE; synthesis is largely and preferentially
dependent on mPGES-1 enzyme [51]. Consistently, the up-regulation of
MPGES-1 expression and the involvement of COX-2/mPGES-1/PGE;
cascade in terms of PGs production has been extensively reported in
pathological settings in which PGE; is implicated, such as fever, pain and
inflammatory based diseases [52, 53]. In line with these observations, it
has been reported that in several tissues and different cell types,
including fibroblasts, osteoblasts, chondrocytes and osteoarthritic
cartilage, mPGES-1 expression is enhanced by a variety of inflammatory
factors, including lipopolysaccharides (LPS), IL-1B, TNF-a and 1L-17,
the latter of which was used in this study [54, 55]. In this context, IL-17
has received much attention as a significant driver of autoimmune and
autoinflammatory conditions [38, 56, 57]. This cytokine is mainly
produced by Th17 lymphocytes, but it also released by natural killer T
cells (NKT), macrophages, neutrophils, monocytes, CD8" T cells, Y8 T
cells and innate lymphoid cells [3]. We have previously demonstrated
that IL-17, compared to other pro-inflammatory cytokines such as IL-1a.
and TNFa, sustains chronic inflammation and tissue remodelling rather
than initiating it [19] through its ability to prime monocytes/macrophages
towards an inflammatory phenotype [36, 56]. Considering that very little
is known about the biological effects promoted by IL-17 both in
vitro and in vivo in the context of mPGES-1/PPAR-y modulation, here
we sought to investigate and characterize the role of IL-17 on this

pathway during an ongoing inflammatory response.

14
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2. ROLE OF IL-17 IN GOUTY ARTHRITIS

Gout is a paradigm of acute, self-limiting inflammation caused by
increased blood uric acid levels and damaging effects of monosodium
urate (MSU) crystals accumulation within intra-and/or peri-articular
areas [58]. Under long-standing hyperuricemia, MSU crystals deposits,
usually associated with tophi, further induce a chronic inflammatory
response that may lead to joint structure damage, often referred to as
gouty arthritis (GA) or chronic gout [59].

During the progression of the inflammatory response and gouty attack,
MSU crystals induce a significant leukocyte infiltration into the joint
cavity [60]. This early pathologic hallmark is mainly characterized by
neutrophil influx into the joint fluid followed by monocytes/macrophages
that, in turn, phagocytose MSU crystals resulting in membranolytic and
inflammasome activation [61, 62], generation of oxygen-derived free
radicals, the release of lysosomal enzymes, pro-inflammatory
interleukins (mainly IL-1, IL-6 and TNFa) and PGE> [63, 64].

PGs and leukotrienes are powerful bioactive lipid mediators involved in
numerous homeostatic functions and in the onset of inflammation [43].
Their biosynthesis is initialized by COXs and then finalised PGE>
synthases (by the inducible isoform mPGEs-1) that convert PGH, [44] to
PGE, [45, 46]. Recently, several biochemical and pharmacological
studies demonstrated a molecular interaction between COX and PGEs
isoenzymes [51, 65], resulting in preferential functional coupling activity
of COX-2/mPGEs-1/PGE,, which triggers the inflammatory response
associated with conditions such as gout [52, 53, 66, 67]. However, it is
still unclear how this process is being regulated and which molecular

mechanisms are detrimental to gouty inflammation onset [68, 69].

15
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In this context, emerging evidence supports the view that systemic
differentiation and maturation of Th17 cells and local recruitment are
potential mechanisms by which these cells cause damage to target
tissues. Liu and coll. [70] reported significantly elevated levels of IL-17
in the serum of GA patients early in the onset of gout symptoms,
gradually decreasing as symptoms diminished (Fig. 3). Moreover, recent
work highlighted that, although the genetic variants in IL-17 do not
appear to be involved in the development of gout [71], systemic
Th17/Treg (regulatory T cells) imbalance changes over time during the
development of acute gouty arthritis and a decrease in ratio, favouring
Th17 cells is consistent with inflammation development in the joints
[72].

We and others have also highlighted the importance of IL-17 (and IL-17-
related cytokines) [19, 73, 74] in sustaining the release of multiple
mediators such as IL-1, IL-6, IL-8, PGE> and monocyte chemoattractant
protein- (MCP-)1 (also known as JE) by a wide variety of cells involved
both directly and indirectly, on GA physiopathology, including
fibroblasts, endothelial cells, neutrophils and inflammatory monocytes.
[75-77]. Collectively these findings suggested a detrimental role for IL-
17 in GA onset and progression and helped us to hypothesise that
targeting IL-17 by a neutralizing antibody strategy could provide a novel

treatment strategy to target gouty inflammation and/or arthritis.
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Fig. 3. IL-17 is a novel biomarker for GA with an acute flare. Serum
IL-17 levels of GA patients with acute flares and healthy controls (A).
Serum IL-1b levels of GA patients with acute flares and healthy controls
(B). Pearson's correlation analysis of IL-17 with VAS values in 64 GA
patients with acute flares (C). Pearson's correlation analysis of IL-17
with IL-1b levels in 64 GA patients with acute flares (D). GA, GA
patients; HC, Healthy controls. Blood samples of GA patients were
collected less than 12 h after a gout attack. All data are presented as
mean + SD and were analyzed with the two-tailed unpaired t-test (***P <
0.001). From Liu et al. [70].
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3. THE ROLE OF IL-17 IN INFLAMMATORY DISEASES: PRE-
CLINICAL ASSESSMENT OF A NOVEL MONOCLONAL
ANTIBODY

3.1 Clinical results with inhibitors of IL-17 or IL-17R and pre-

clinical assessment of a novel monoclonal antibody
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Drug

IL-17A Inhibitors

Secukinumab
(AIN457),
Consentyx™

Ixekizumab
(LY2439821)
CNTO 6785

CIM112

BCD 085

Manufacturer

Novartis

Lilty

Janssen

Novartis

Biocad

IL-17A and IL-17F Inhibitors

Bimekizumab
(UCB-4940)

ALX-0761
(MSB 0010841)

ucB

Merck
Serono
Ablynx

IL-17A and TNFu Inhibitors

ABT-122
COVA322

IL-17RA Inhibitors

Brodalumab
(AMG 827)

AbbVie

Janssen/
Covagen

Valeant
Pharmaceuticals

Psoriasis

Approved

Submitted

Phase I/l

Phase |

Phase |

Phase /I

Phase I

PsA AS

Approved Approved

Phase lll

Phase |

Phase Il

Preclinical Preclinical
Phase Il

Introduction

RA Other
Indications

Phase Il

Phase Il

Phase Il COPD
(Phase Il
Hidradenitis
suppurativa
(Phase Il)
Healthy
subjects
(Phase )

Phase Il

Phase Il

Preclinical

Phase Il

Table 1. Drug candidates targeting IL-17 or its receptor IL-17RA and
their current clinical status. From Beringer et al. [12].
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Materials and Methods

CHAPTER 2: MATERIALS AND METHODS

1. MATERIALS

Mouse and human IL-6 Elisa kit, human TNFo Elisa kit, human IL-8
Elisa Kit, mouse PGE: Elisa kit, proteome profiler mouse cytokine array
kit, recombinant mouse and human IL-17, recombinant human TNFa
protein, murine and human IL-17 neutralizing antibodies were purchased
from R&D System (Milan, Italy). PF 9184 (PF) and Troglitazone (TRO)
were purchased from Tocris (Milan, Italy), AF 3485 (AF) from Cayman
Chemical Company (Michigan, USA), whereas FACS buffer and all
conjugated antibodies from BioLegend (London, UK). Ficoll-Paque Plus
(endotoxin tested, < 0.12 EU/ml) was obtained from GE Healthcare Bio-
Sciences AB (Uppsala, Sweden). Collagenase (Type VIII), fetal bovine
serum (FBS), hyaluronidase, monosodium urate crystals, E-Toxate™
reagent from Limulus Polyphemus and RPMI-1640 cell medium were
purchased from Sigma-Aldrich Co. (Milan, Italy). PGD> Elisa kit and the
primary antibodies for western blot analysis were obtained from
Elabscience (Milan, Italy), whereas the HRP-conjugated IgG secondary
antibodies from Dako (Copenhagen, Denmark). 15d-PGJ, Elisa kit was
purchased from Abcam (Cambridge, UK). Unless otherwise stated, all

the other reagents were from BioCell (Milan, Italy).

2. HUMAN BLOOD SAMPLES

Whole blood was collected from healthy donors with written informed
consent and approval from the University of Birmingham Local Ethical
Review Committee (ERN 18—0382). An equal proportion of male and
female donors were used with an age range between 22-70 [94].
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3. CELL CULTURE

3.1 Mouse macrophage cell line

Mouse macrophage cell line (J774A.1, ATCC® TIB-67™) was cultured
in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
FBS (ATCC® 30-2020™) to a final concentration of 10%. Cells were
seeded in petri culture dishes (100 x 20 mm, Falcon®) at a density of
5x10° cells/dish and allowed to grow for 24 h. The medium was then
replaced, and cells were treated for 4 and 24 h with recombinant mouse
IL-17 (0.5-500 ng/ml). In another set of experiments, cells were treated
with IL-17 (50 ng/ml) in the presence or absence of PF 9184 (50 uM) or
Troglitazone (50 pM), according to previous in vitro studies [55].
Following incubations for 4 and 24 h, cells were collected with a cell
scraper and pellets were lysed at 4°C for 10 min with a buffer containing
1g/100 ml Triton X-100, 5 mM EDTA in PBS (pH 7.4) containing
protease inhibitors. After centrifugation at 14000xg for 10 min at 4°C,
the supernatant was collected and stored at -80°C for future western blot
analysis. Protein concentration was determined by the Bio-Rad protein

assay (Bio-Rad, Milan, Italy).

3.2 Mouse embryonic fibroblast cell line

Mouse embryonic fibroblast cell line (NIH-3T3) was cultured in DMEM
supplemented with FBS (ATCC® 30-2020™) to a final concentration of
10%. Cells were seeded in petri culture dishes (100 x 20 mm, Falcon®) at
a density of 5x10° cells/dish and allowed to grow for 24 h. The medium
was then replaced, and, at 70% confluency, cells, according to previous
in vitro studies [55, 95], were treated for 24 h with recombinant mouse

IL-17 (50 ng/ml), nIL-17™ peptide (50 ng/ml) alone or in combination
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with IL-17 or nIL-17™ neutralizing antibodies (MAB421 or Ab-IPL-IL-
17™; 750 ng/ml). Following incubations for 24 h, supernatants were
collected and stored at -80°C for future Elisa analysis. Protein
concentration was determined by the Bio-Rad protein assay (Bio-Rad,
Milan, Italy) [96].

3.3 Human monocyte-derived macrophages (hMDMs) isolation and
differentiation

Whole blood from healthy donors was separated using density gradients
Histopaque 1119 and 1077 (Sigma-Aldrich, U.K.) to obtain the
peripheral blood mononuclear cell (PBMC) fraction, accordingly to the
procedure described by Krautter and coll. [94]. Monocytes were isolated
from PBMC using PBS without Ca?* and Mg?* supplemented with 0.5 %
BSA and 2 mM EDTA at 4 °C, by positive selection using anti-CD14
microbeads and MACS separation columns (Miltenyi Biotec, Germany).
Purified monocytes (~95 %) were cultured at 37 °C in 5 % COz in M199
media (Life Technologies, Paisley, U.K.) containing 10 ng/ml epidermal
growth factor (EGF) (Sigma-Aldrich, Poole, UK) and 10% autologous
human serum. To induce “pro-inflammatory” (M1) or “pro-resolution”
(M2) phenotypes, previously established protocols were followed [97].
Briefly, M1 and M2 phenotypes were generated by treating human
monocyte-derived macrophages (hMDMs) with LPS (100 ng/ml) and
interferon gamma (IFNy; 20 ng/ml) or IL-4 (20 ng/ml), respectively, for
16h. hMDMs were supplemented with M199 media containing 10 ng/ml
EGF and 10 % human autologous serum every two days for six days
[94]. Then, cells, after polarization, were stained for IL-17Rs (RA or RC)
or stimulated for 24 h with IL-17, nIL-17™ (100 ng/ml) alone or in
combination with neutralizing antibodies (MAB317 or Ab-IPL-IL-17™
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at 10 pg/ml) [98, 99]. Finally, supernatants were collected and measured
to evaluate IL-6 and TNFa levels.

3.4 Human dermal blood endothelial cells (HDBEC)

Primary human dermal blood endothelial cells (HDBECs) were
purchased from PromoCell and cultured in cell growth medium MV
(PromoCell, Heidelberg, Germany) [100]. HDBECs were seeded into 12-
well tissue culture plates until yielding confluent monolayers. HDBEC
monolayers were washed in endothelial cell growth medium MV warmed
to 37°C and simulated with TNFa (100 U/ml) or IFNy (10 ng/ml) for 24
h at 37°C.

3.5 Neutrophil isolation

Neutrophils were isolated using a double-density histopaque gradient and
hypotonic lysis, as described previously [101]. Briefly, PMN were
isolated using a single density histopaque gradient and, after a first
dilution (1:1 w/w) with PBS, were layered with histopaque 1077 (Sigma
Chem. Co., Poole, U.K.) and histopaque 1119 (Sigma). After
centrifugation at 400 g for 30 min at RT, the bottom layer was harvested
and washed twice in sterile PBS. Contaminating erythrocytes were

removed by hypotonic lysis.

3.6 Isolation of human fibroblasts

Synovial tissue samples were obtained by ultrasound-guided biopsy
[102] from resolving arthritis (Res) or fulfilled RA classification criteria
patients [103]. RA was classified according to 2010 American College of
Rheumatology criteria [104]. Isolated fibroblasts were cultured
accordingly to the protocol described by Salmon and coll. [105] and
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treated with IL-17 (10 ng/ml) and TNFa (100 U/ml) alone or in
combination with MAB317 or Ab-IPL-IL-17™ (10 pg/ml).

4. ANIMALS

Experimental procedures were carried out on 8-12-week-old male CD1
mice in compliance with international and national law and policies and
approved by the Italian Ministry of Health. Animal studies were
performed in compliance with the ARRIVE guidelines and with the
recommendations made by BJP (EU Directive 2010/63/EU for animal
experiments, ARRIVE guidelines, and the Basel declaration, including
the 3Rs concept; [106, 107]). Mice, purchased from Charles River
(Milan, Italy), were housed with ad libitum access to food and water and
maintained on a 12 h light/dark cycle. Experimental study groups were
randomized and blinded. All procedures were carried out to minimize the

number of animals used (n=7 per group) and their suffering.

5. INVIVO MODELS
5.1 Air Pouch

Dorsal air pouches were induced by injection of 2.5 ml of air on day 0
and day 3, as previously described [74]. On day 6, mice received the
following treatments: i) Control (CTRL) 0.25 ml of 0.5% carboxymethyl
cellulose (CMC); ii) IL-17 (1 pg) in 0.25 ml of 0.5% CMC; iii) IL-17 (1
ug) in 0.25 ml of 0.5% CMC co-administrated with PF 9184 (1-9
ug/pouch); iv) 1L-17 (1 pg) in 0.25 ml of 0.5% CMC co-administrated
with Troglitazone (1-9 pg/pouch) accordingly to previous studies [19,
55]. In another set of experiments, the inhibitory effect of PF 9184 was
compared to AF 3485 (9 ug/pouch). In all experimental conditions, mice
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were sacrificed after 4, 24, and 48 h from the injection and air pouches
were washed thoroughly with 2 ml of PBS containing 50 U/ml heparin
and 3 mM EDTA. In the last set of experiments, mice received the
following treatments: i) CTRL 0.25 ml of 0.5% CMC; ii) IL-17 (1 pg) in
0.25 ml of 0.5% CMC; iii) nIL-17™ (1 pug) in 0.25 ml of 0.5% CMC; iv)
IL-17 (1 ng) plus MAB421 or Ab-IPL-1L-17™ (10 pg) in 0.25 ml of
0.5% CMC; v) IL-17 (1 pg) plus Anti-JE (10 pg) in 0.25 ml of 0.5%
CMC; vi) IL-17 (1 pg) plus Anti-KC (10 pg) in 0.25 ml of 0.5% CMC.
Animals were sacrificed after 24 h, and the lavage fluids were
centrifuged at 220xg for 10 min at 4°C to separate the exudates from the
recruited cells. Inflammatory exudates were collected and measured to
evaluate the level of inflammatory cyto-chemokines, whereas the cellular
pellet was subjected to western blot and FACS analysis as described
below. Cell number was determined by TC20 automated cell counter
(Bio-Rad, Milan, Italy) using Bio-Rad’s automated cell counter uses
disposable slides, TC20 trypan blue dye (0.4% trypan blue dye w/v in
0.81% sodium chloride and 0.06% potassium phosphate dibasic solution)
and a CCD camera to count cells based on the analyses of capture images
[74, 108].

5.2 Gouty Arthritis

5.2.1 Preparation of MSU crystals

The MSU crystals were prepared as previously described [109]. Briefly,
800 mg of MSU were dissolved in 155 ml of boiling milli-Q water
containing 5 ml of NaOH, and after the pH was adjusted to 7.2, the
solution was cooled gradually by stirring at room temperature and
crystals collected after centrifugation at 3.000 g for 5 min at 4°C.

Obtained crystals were washed twice with 100% ethanol, dried,
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autoclaved (180°C for 2 hours), and weighed under sterile conditions.
Crystals were resuspended in PBS by sonication and stored in a sterile
environment until use. MSU crystals were confirmed as endotoxin-free
by a commercial test kit of limulus polyphemus lysate assay (<0.01
EU/10 mg).

5.2.2 Induction of MSU-induced knee joint inflammation

Joint inflammation was induced by the intra-articular (i.a.) administration
of MSU crystals (200 pg/20 pl) into the right knee joint of mice under
isoflurane anaesthesia. Control animals received an i.a. injection of PBS
(20 ul) or 20 ul of IL-17Ab isotype control. Animals from IL-17Ab-
treated groups received 1, 3 and 10 pg (i.a.) in 20 pl of IL-17
neutralizing antibodies (IL-17Ab) 30 minutes after MSU crystals

administration.

5.2.3 Joint scoring and evaluation

In a preliminary experiment finalized to evaluate the dose-responsive
effect of IL-17 neutralizing antibodies (IL-17Ab), the joints from
different experimental conditions were scored macroscopically on a scale
from 0 to 3, where 0 = no inflammation, 1 = mild inflammation, 2 =
moderate inflammation, and 3 = severe inflammation, in increments of
0.25. A score of 0.25 was given when the first signs of swelling and
redness were present. Joint swelling scoring was performed by two
authors without knowledge of the experimental groups [110]. After
macroscopic scoring, knee joint oedema was determined with a calliper
(Mitutoyo) before (zero time) and after the i.a. injection with MSU
crystals or MSU crystals plus IL-17Ab at times indicated. Knee joint
oedema was determined for each mouse by subtracting the initial paw
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value from the paw value measured at each time point and presented as A
mm/joint [109].

5.2.4 Isolation of joint-infiltrating cells

According to the protocol described by Akitsu and colleagues [111],
ankle joints were cut out and digested with hyaluronidase (2.4 mg/ml)
and collagenase (1 mg/ml) in RPMI 1640 plus 10% FBS for 1 h at 37 °C.
Then, the cells were filtered through a cell strainer with a 70-um nylon
mesh (Becton Dickinson, Franklin Lakes, NJ, USA) and washed with
RPMI 1640 plus 10% FBS. After that, collected cells were washed in

PBS for total cell count before flow cytometry analysis.

5.3. Antigen induced-arthritis

Eight-week-old male C57BI/6J wild-type (WT) mice were purchased
from Charles River and were maintained in a specific pathogen-free
facility with free access to food. Environmental conditions were: 21 +2
°C, 55+ 10% relative humidity and a 12h light-dark cycle. Mice were
immunised with methylated bovine serum albumin (mBSA, 10 ug s.c.,
Sigma-Aldrich) in complete Freund’s adjuvant (CFA, Fisher Scientific).
On day 21, monoarthritis was induced by intraarticular injection of
mBSA (100 ug) into the knee. Mice were treated therapeutically at 24 h
or 72h post disease onset by i.p injection with either infliximab (Anti-
TNFa, 50 pg/mice) or a neutralizing antibody to I1L-17 (Ab-1PL-1L-17™,
50pg/mice). Joint thickness (mm) was measured by callipers daily for up
to 7 days. Data are expressed as a percentage change from baseline

measurement taken on day 21 or area under the curve (AUC).
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6. IN VITRO AND EX VIVO ASSAYS
6.1 Myeloperoxidase assay

Leukocytes myeloperoxidase (MPO) activity was assessed by measuring
the H2O>-dependent oxidation of 3,3',5,5'-tetramethylbenzidine as
previously reported [19]. Cellular lysate (from air pouch experiments)
and tissues (from knee joint) were homogenized in a solution composed
of hexadecyltrimethylammonium bromide (0.5% w/v) in 50 mM sodium
phosphate buffer at pH 5.4. After homogenization, samples were
centrifuged at 1008 x g for 10 min, and the supernatant was used for the
assay. Aliquots of 20 pl were incubated with 160 ul of 3,3'.5,5" -
tetramethylbenzidine and 20 pl of H202 (in 80 mM phosphate buffer, pH
5.4) in 96-well plates. Plates were incubated for 5 min at room
temperature, and OD was read at 620 nm using a plate reader (Biorad,
Italy). The assay was performed in duplicates and normalized for protein

content.

6.2 Elisa and ElisaSpot assay

Enzyme-linked immunosorbent assays for IL-17, PGE,, PGD2, and 15d-
PGJ> were carried out on inflammatory pouch exudates and on whole
knee joint homogenates. The levels of IL-6, IL-8 and TNFa were
analyzed on cell supernatants accordingly to the procedure described by
Raucci and coll. [29]. Briefly, 100 ul of samples, diluted standards,
quality controls and dilution buffer (blank) were added to a pre-coated
plate with monoclonal anti-IL-17, PGE2, PGD2, 15d-PGJz, IL-6, IL-8 and
TNFa for 2 h. After washing, 100 pl of biotin-labelled antibody was
added for 1 h. The plate was washed, and 100 pl of the streptavidin-HRP
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conjugate was added, and the plate was incubated for a further 30 min
period in the dark. The addition of 100 pl of the substrate and stop
solution represented the last steps before the reading of absorbance
(measured at 450 or 405 nm) on a microplate reader. Antigen levels in
the samples were determined using a standard curve and expressed as
pg/pouch or pg/ml [86]. For cyto-chemokines protein array, equal
volumes (1.5 ml) of pouch inflammatory fluids and knee joint
homogenates in all described experimental conditions were incubated
with the pre-coated proteome profiler array membranes according to the
manufacturer's instructions. Dot plots were detected by using the
enhanced chemiluminescence detection kit and Image Quant 400 GE
Healthcare software (GE Healthcare, Italy) and successively quantified
using GS 800 imaging densitometer software (Biorad, Italy) as

previously described [73].

6.3 Flow cytometry

Cells collected from the pouch cavities were first washed with PBS and
then re-suspended in FACS buffer (PBS containing 1% FCS and 0.02%
NaN2) containing CD16/CD32 FcylIR blocking antibody (clone 93;
eBioscience, London, UK) for 30 min at 4°C. Thereafter, cells were
labelled for 30 min at 4°C with the following conjugated antibodies (all
from BiolLegend, London, UK): CD45 (1:100; clone 30-F11), LY6C
(1:100; clone HK1.4), LY6G (1:100; clone 1A8), CD115 (1:100; clone
AFS98), CD11b (1:100; clone M1/70), F4/80 (1:100; clone BMS),
CD206 (1:100; clone C068C2), prior to analysis by FACS calibre using
CellQuest software (Becton Dickinson, Franklin Lakes, NJ). Neutrophils,

macrophages, and resident/inflammatory monocytes were defined
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according to the previously described flow cytometry procedure [74, 112,
113]. Lymphocytes isolated from whole blood (collected by intracardiac
puncture) by Ficoll-Paque Plus gradient method were washed in FACS
buffer (PBS containing 1% BSA and 0.02% NaN>) and directly stained
with the following conjugated antibodies (all from BioLegend, London,
UK): CD4 (1:200; clone GK1.5), CD8 (1:200; clone 5H10-1), CD25
(1:200; clone 3C7) for 60 minutes at 4°C. After washing, cells were
fixated, permeabilized, and stained intracellularly with 1L-17 (1:200;
clone TC11-18H10.1) and Foxp3 antibody (1:200: clone MF-14). Th17
and Treg population were defined as CD4*IL-17* and
CD4*CD25"Foxp3* cells respectively. For the characterization of joint-
infiltrating cells we adopted a similar procedure followed by the
incubation with GR1 (1:300; clone RB6-8C5), F480 (1:300; clone BM8),
B220 (1:200; clone RA3-6B2), CD115 (1:200; clone AFS98) for 60
minutes at 4°C. T cells, neutrophils, macrophages, and
resident/inflammatory monocytes were defined according to the flow
cytometry procedure previously described [74, 114]. At least 1x10* cells
were analysed per sample, and positive and negative populations were
determined based on the staining obtained with related 1gG isotypes.
Flow cytometry was performed on BriCyte E6 flow cytometer (Mindray
Bio-Medical Electronics, Nanshan, China) using MRFlow and FlowJo
software operation [115]. hMDMs were washed with PBS without Ca?*
and Mg?* containing 25 mM lactose for 20 min at RT. Cells were then
incubated with FcR blocking agents (Miltenyi) in PBS without Ca?* and
Mg?* containing lactose before staining with 1L-17 Receptor A (1:100;
clone 133617) and IL-17 Receptor C (1:100; clone 309822). Protein
expression was analysed by flow cytometry on a Dako CyAn (Beckman
Coulter, High Wycombe, UK), and data were analysed using MRFlow
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and FlowJo software operation. The unspecific binding of antibodies was

quantified by using corresponding isotype controls.

6.4 Western blot analysis

Whole cellular pellets from fibroblasts and knee joints homogenates (50
ug of protein) were subjected to SDS-PAGE (10 and 12% gel) using
standard protocols as previously described [116]. The proteins were
transferred to nitrocellulose membrane (0.2 um nitrocellulose membrane,
Trans-Blot® TurboTM, Transfer Pack, Bio-Rad Laboratories, Hercules,
CA, USA) in transfer buffer (25 mM Tris-HCI pH 7.4 containing 192
mM glycine and 20% v/v methanol) at 400 mA for 2 h. The membranes
were saturated by incubation for 2 h with non-fat dry milk (5% wt/v) in
PBS supplemented with 0.1% (v/v) Tween 20 (PBS-T) for 2 h at RT and
then incubated with 1:1000 dilution of primary antibodies over-night at
4°C such as mouse monoclonal anti-actin (E-AB-20094), mouse
monoclonal anti-COX-2 (E-AB-27666), mouse monoclonal anti-l1kB-a
(4814), rabbit polyclonal anti-1L-17 Receptor (E-AB-63080), mouse
monoclonal anti-NFxB (MAB3026), rabbit polyclonal anti-mPTGDS-1
(TA301420), rabbit polyclonal anti-mPGES-1 (E-AB-32563), rabbit
polyclonal anti-PPAR-y (NBP2-22106), and then washed 3 times with
PBS-T.

In all cases, blots were then incubated with a 1:3000 dilution of related
horseradish peroxidase-conjugated secondary antibody for 2 h at RT and
finally washed 3 times with PBS-T. Protein bands were detected by using
the enhanced chemiluminescence method (ClarityTM Western ECL
Substrate, Bio-Rad Laboratories, Hercules, CA, USA) and Image Quant
400 GE Healthcare software (GE Healthcare, Italy). Finally, protein
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bands were quantified using the GS 800 imaging densitometer software

(Biorad, Italy) and normalized with respective actin.

6.5 Histology

Histological analysis was conducted at the 18 h time-point. Joints were
trimmed, placed in a decalcifying solution (EDTA 0.1 mM in PBS) for
14 days and then embedded in paraffin. Sections (5 um) were
deparaffinized with xylene and stained with haematoxylin and eosin
(H&E) as previously described [19] for conventional morphological
evaluation. A dimension used for the analysis of the slices was 569 x 633
pixels and magnification x 20. In all cases, a minimum of > 3 sections
per animal were evaluated. Phase-contrast digital images were taken

using the Image Pro image analysis software package.

6.6 Elisa-based binding assay

IL-17RA-Fc and IL-17RC-Fc were plated in 96 well plates at 2 pg/ml
and 1 pg/ml, respectively. Plates were incubated overnight at 4°C, and
then washed 3 times with PBST wash buffer and blocked for 1h with 200
ML of protein-free T20 blocking buffer. Cytokines were biotinylated with
EZ Link NHS-Biotin according to the manufacturer’s instructions. Plates
were incubated for 30 min at RT before 3 washes with PBST and a 30
min incubation with Streptavidin-HRP. The colourimetric signal was
developed with TMB, and the reaction stopped with sulfuric acid (stop
solution). OD values were read on a SpectraMax M3 (Molecular
Devices). The percentage of binding or inhibition was calculated as

previously described [117].
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6.7 Transwell migration assay

Chemotaxis was assessed using a transwell assay, as previously
described [118]. M199 media (final volume 700 ul) were added to the
bottom well of a Transwell-24 permeable support with 3.0 um pores
(Corning, NY, USA) with IL-17 (10-500 ng/ml), nIL-17"™ (10-500
ng/ml), and formyl-methionyl-leucyl-phenylalanine (fMLP; 10° M as
positive control) alone or in combination with IL-17 neutralizing
antibodies (MAB317 or Ab-IPL-IL-17™) (10ug/ml). Then 2 x 10°
neutrophils in a final volume of 200 ul were added to the top chamber,
which had a confluent HDBEC monolayer activated with TNFo (100
U/ml) and IFNy (10 ng/ml) for 24 h. After 2 h of incubation at 37 °C,
neutrophils were collected from the bottom of the wells and quantified by
flow cytometry using CountBright™ Absolute Counting Beads
(Thermofisher, Rugby, UK) as previously described [119, 120].

7. DEVELOPMENT OF A NOVEL IL-17 NEUTRALIZING
ANTIBODY
7.1 Peptide synthesis and purification
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7.2 Immunization and fusion protocols
The immunization protocol and the synthesis of a novel IL-17

neutralizing antibody (Ab-IPL-IL-17™) were commissioned t

o

ProteGenix (France). All experimental details and procedures are

reported in Scientific Reports 1 and 2.
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8. STATISTICAL ANALYSIS

Statistical analysis complies with the international recommendations on
experimental design and analysis in pharmacology [122, 123], and data
sharing and presentation in preclinical pharmacology [124, 125]. All data
are presented as means + S.D. and analysed using one- or two-way
ANOVA followed by Bonferroni’s or Dunnett’s for multiple
comparisons. GraphPad Prism 8.0 software (San Diego, CA, USA) was
used for analysis. Differences among groups were considered significant
when P <0.05 was achieved. The sample size was chosen to ensure alpha
0.05 and power 0.8. Animal weight was used for randomization and
group allocation to reduce unwanted sources of variations by data
normalization. No animals and related ex vivo samples were excluded
from the analysis. In vivo study was carried out to generate groups of
equal size (n = 5-7 of independent values) using randomization and

blinded analysis.
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CHAPTER 3: RESULTS

1. IL-17-INDUCED INFLAMMATION MODULATES THE
MPGES-1/PPAR-y PATHWAY IN MONOCYTES/
MACROPHAGES

1.1 PF 9184 and Troglitazone, in a time- and dose-dependent
manner, revert leukocytes accumulation and activation at the site of

inflammation

We knew from our previous studies [19, 74] that the single
administration of 1L-17 (1 pg/pouch) into a 6-day-old air pouch causes a
transient infiltration of leukocytes by 4 h, which peaks at 24 h and then
declines by 48 h. To test the potential dose-responsive effect of an
MPGES-1 inhibitor and a PPAR-y agonist at this local site of
inflammation, we administered PF 9184 (1-9 pg/pouch) and Troglitazone
(1-9 pg/pouch) concomitantly with I1L-17. All mice were sacrificed at 4,
24 and 48 h time points. Consistent with our previous findings, 4 and 24
h after IL-17 administration, mice showed significant differences in the
number of inflammatory leukocytes compared to vehicle-treated (Fig.
1A-B). No significant differences were observed at 48 h (Fig. 1C).
Interestingly, mice receiving PF at a dose of 9 pg/pouch showed a
marked decrease (~40%) in inflammatory infiltrates, compared to 1L-17-
treated mice, at both 4 and 24 h (Fig. 1A-B). A similar anti-inflammatory
profile was observed after TRO administration (9 pg/pouch), with a
marked reduction in infiltrating leukocytes at 4 and 24 h (Fig. 1A-B). No
biological effects were observed at 48 h (Fig. 1C). The inhibitory effect
of PF was also compared to AF (another selective mPGES-1 inhibitor) a
similar reduction in total leukocyte infiltration was observed

(Supplementary Fig. 1). Based on these results, we selected the most
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active PF and TRO (9 pg/pouch) dose for all subsequent analyses. The
level of MPO (Fig. 1D-F), a peroxidase enzyme most abundantly
expressed in polymorphonuclear leukocytes, and different prostaglandins
such as PGEz, PGD2 and 15d-PGJ. were then measured in pouch fluid.
Administration with IL-17 (still present in the air pouch at 48 hours after
a single injection, Supplementary Fig. 2) was correlated with increased
levels of MPO (Fig. 1D-E) and PGE> (Fig. 2A-B) at both 4 and 24 h.
Conversely, a reduction in PGD; at both 4 and 24 h (Fig. 2C-D) and 15d-
PGJ. (Fig. 2F) only at 24 h was observed. When co-injected in the
presence of PF and TRO, the opposite profile was observed with a
marked reduction in MPO (Fig. 1E) activity and PGE> (Fig. 2A-B) and
reversal in PGD; (Fig. 2C-D) and 15d-PGJ: levels (Fig. 2F). Collectively
these data indicate time- and dose-dependent protective effects of a
selective mPGES-1 inhibitor and a PPAR-y agonist on inflammatory cell

recruitment and activation in response to 1L-17 induced inflammation.
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Fig. 1. PF and TRO, in a time- and dose-dependent manner, revert
leukocyte accumulation and activation at the site of inflammation.
Mice were treated with IL-17 vehicle (CTRL), IL-17 (1 pg/pouch) alone
(IL-17) or co-administrated with PF 9184 (PF, 1-9 pg/pouch) and
Troglitazone (TRO, 1-9 pg/pouch) and thereafter total cell number from
pouches inflammatory exudates were evaluated at 4 (A), 24 (B) and 48
(C) h. At the same time point (D-F), supernatants from cell pellet lysate
were tested for myeloperoxidase activity. Data were expressed as
millions of cells for the pouch (A-C) or units/mg of protein (D-F) and
presented as means * S.D. of n=7 mice per group. Statistical analysis was
conducted by one-way ANOVA followed by Bonferroni’s for multiple
comparisons. #P<0.05, #P<0.01, *#P<0.005 vs CTRL group; *P<0.05,
**P<0.01 vs IL-17 group. From Raucci et al. [29]
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Fig. 2. PF and TRO selectively modulate the release of pro- and/or
anti-inflammatory prostaglandins at the site of inflammation. Mice
were treated with IL-17 vehicle (CTRL), IL-17 (1 pg/pouch) alone (IL-
17) or co-administrated with PF 9184 (PF, 9 pg/pouch) and Troglitazone
(TRO, 9 wug/pouch). Inflammatory fluids from all experimental
conditions were assayed by Elisa for PGE> (A-B), PGD> (C-D), and 15d-
PGJ. (E-F) levels at both 4 and 24 h. Data were expressed as pg/pouch
and presented as means + S.D. of n=7 mice per group. Statistical analysis
was conducted by one-way ANOVA followed by Bonferroni’s for
multiple comparisons. *P<0.05, #P<0.01, *#P<0.005 vs CTRL group;
*P<0.05, **P<0.01 vs IL-17 group. From Raucci et al. [29].

1.2 mPGES-1 and PPAR-y enzymatic pathway modulation on the

onset of ongoing inflammation

Previous studies have shown that in various tissues and cell types, both
COX-2 and mPGES-1 expression are enhanced in response to a range of
inflammatory mediators, including LPS, IL-1p, TNF-a, and 1L-17 [86].
Therefore, we carried out western blot analysis on recruited cells and
found that COX-2 (Fig. 3B) and mPGES-1 (Fig. 3H) were up-regulated
following IL-17-induced inflammation and were both significantly
reduced at 4 and, in particular, 24 h post PF and TRO treatment.
Moreover, we found that IL-17R expression (increased in IL-17-treated
animals compared to CTRL group at 24 h) was not influenced by either
PF or TRO administration (Fig. 3A). We also observed a substantial
increase in NF-kB expression in mice treated with IL-17 (Fig. 3C). The
natural inhibitor of NF-xB (IkB-0) was also measured, and the converse
was observed in mice treated with PF or TRO at 4, and 24 h (Fig. 3F).
Notably, microsomal prostaglandin D, synthase-1 (mPTGDS-1) and
PPAR-y expression were weakly present in IL-17 group, whereas it
significantly increased in PF (only at 24 h) and TRO-treated mice (at
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both 4 and 24 h), confirming the hypothesis of the activation of an
alternative molecular pathway following thiazolidinedione administration
(Fig. 3D,G respectively). The inhibitory effect of PF was also compared
to AF, and similar levels of inhibition in COX-2/mPGES-1 and PPAR-y
expression were observed (Supplementary Fig. 3). Densitometric values
(at the bottom of Fig. 3) are expressed as OD Ratio with actin (Fig. 3E)
for both 4 and 24 h. Uncropped and original western blots are presented
in Supplementary Fig. 4-15.
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Fig. 3. mPGES-1 and PPAR-y enzymatic pathway modulation on the
onset of ongoing inflammation. Whole cellular pellets homogenates
from air pouch experiments in all experimental conditions were assayed
by western blot for IL-17 Receptor (IL-17R) (A), COX-2 (B), NF-«xB
(C), PPAR-y (D), IkB-a (F), mPTGDS-1 (G), mPGES-1 (H) expression
at 4 and 24 h. Western blot images are representative of three separate
experiments with similar results. Cumulative densitometric values (at the
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bottom of the Figure) are expressed as OD Ratio with actin (E) for both 4
and 24 h. Values are presented as means + S.D. of three separate
independent experiments run each with n=7 mice per group pooled.
Statistical analysis was conducted by one-way ANOVA followed by
Bonferroni’s for multiple comparisons. *P<0.05, #P<0.01, **P<0.005 vs
CTRL group; *P<0.05, **P<0.01, ***P<0.005 vs IL-17 group. From
Raucci et al. [29].

1.3 PF 9184 and Troglitazone selectively modulate the recruitment of

inflammatory monocytes

We further characterize the phenotype of recruited cells at different time
points. Flow cytometry was employed to determine neutrophil and
monocyte/macrophage subsets. Specifically, to identify potential
differences in leukocyte sub-populations, total cells were gated (Fig. 4A,
5A, and 5N, gate R1), followed by single cells (Fig. 4B, 5B, and
50, gate R2). CD45 (pan leukocyte/immune cell marker; Fig. 4C) and
CD11b (myeloid marker; Fig. 5C,P) were selected (*'¢, gate R3).
Neutrophils were identified as CD45*¢/Ly6G"/Ly6C" as shown both at
4 (Fig. 4D-G) and 24 h (Fig. 41-L). Monocytes and macrophages were
further delineated based on a range of markers. CD11b™v¢ cells were
plotted for Ly6C and CD115 at 4 (Fig. 5D-G) and 24 h (Fig. 5I-L) to
distinguish CD11b*¢/CD115"¢/Ly6C' patrolling monocytes (gate R4)
from CD11b*"¢/CD115"¢/Ly6C" inflammatory monocytes (gate R5)
[86, 112, 126], and for CD206 and F4/80 (Fig. 5Q-T and 5V-Y at 4 and
24 h respectively) to identify CD11b*V¢/F480%'¢/CD206"¢ reparative
macrophages [113]. Our results show that in IL-17-injected mice, at 4 h,
the majority of cells recovered were neutrophils (Fig. 4H) which were
largely replaced by inflammatory monocytes (Fig. 5M) and a lower

proportion of reparative macrophages (Fig. 5Z) at 24 h. Interestingly,
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both PF and TRO treatments significantly inhibited this selective and
time-dependent recruitment of neutrophils and inflammatory monocytes
(Fig. 4H,M and 5H,M). Moreover, TRO administration at 24 h
maintained similar levels of reparative macrophages as the control group
(Fig. 5Z). No significant differences were found in resident monocyte
recruitment in all experimental conditions (gate R4). Reported values
were strengthened by a low percentage of positive cells found in the
staining for the isotype control antibodies (Supplementary Fig. 16).
These results suggest that PF and TRO treatment significantly disrupts
the recruitment of inflammatory cells in the first phase of the response
and that TRO selectively promotes resolution in the subsequent

reparative phase.

R3

Ty —

G |L47+TRO

: ]
4h 1 e
3 l
£ S S ﬁ
= ‘.
| CTRL J IL-17 K IL-17 + PF L IL-17 +TRO
1 — ] — ‘] : T
o | 3 ol
1 2 . | 3 1 .s{??'i
,;ng f # 1 e s
24h "1 e ‘1 # 1 . i 1 i
1 1 1 1

49



Results

o CTRL

e |L-17 (1u9)

e IL-17 (1ug) + PF (9ug)
® IL-17 (1ug) +TRO (9ug

b=

B
J
*

w
1
-

'
'
'
'
'

Neutrophils
(million for pouch)
e

T
[ &
[
[=H

|

Neutrophils
(million for pouch)
T T W

Fig. 4. Flow cytometry strategy applied to identify neutrophils’
modulation after IL-17 stimulation. Mice were treated with IL-17
vehicle (CTRL), IL-17 (1 pg/pouch) alone (IL-17) or co-administrated
with PF 9184 (PF, 9 pg/pouch) and Troglitazone (TRO, 9 ug/pouch).
Cells collected from the pouch cavities were washed and gated in their
totality (A, gate R1) and singlet (B, gate R2) before the identification of
CD45 positive (C, CD45™¢) population (gate R3). CD45™¢ cells (C)
were then plotted for Ly6C and Ly6G expression at 4 (D-G) and 24 h (I-
L) to identify CD45™¢/Ly6C*¢/Ly6G*"® as neutrophils. Histogram
values (expressed as million for pouch) indicate the total positive cells, in
the different experimental conditions, of CD45"¢/Ly6C*™¢/Ly6G*"¢
(H,M) at 4 and 24 h. FACS pictures are representative of independent
experiments with similar results. Values are presented as means + S.D. of
n=7 mice per group. Statistical analysis was conducted by one-way
ANOVA followed by Bonferroni’s for multiple comparisons. *P<0.01,
##p<0.005 vs CTRL group; *P<0.05, **P<0.01 vs IL-17 group. From
Raucci et al. [29].
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Fig. 5. PF and TRO selectively modulate the recruitment of
inflammatory monocytes and reparative macrophages. Mice were
treated with IL-17 vehicle (CTRL), IL-17 (1 pg/pouch) alone (IL-17) or
co-administrated with PF 9184 (PF, 9 ug/pouch) and Troglitazone (TRO,
9 pg/pouch). Cells collected from the pouch cavities were washed, gated
in their totality (A,N, gate R1) and singlet (B,O, gate R2) before the
identification of CD11b positive (C,P CD11b*"®) population (gate R3).
CD11b™¢ (C) cells were then plotted for Ly6C and CD115 expression at
4 (D-G) and 24 h (I-L) to distinguish CD11b*'¢/CD115"¢/Ly6C'*"
patrolling monocytes (gate R4) from CD11b*¢/CD115*¢/Ly6C"
inflammatory monocytes (gate R5). Therefore, CD11b*"¢ cells were then
plotted for CD206 and F480 expression at both 4 (Q-T) and 24 h (V-Y)
to identify CD206"¢/F480"V¢ population. Histograms values (expressed
as million for pouch) indicate the total positive cells, in the different
experimental conditions, of CD11b*'¢/CD115*¢/Ly6C" (H,M) and
CD11b™¢/CD206"¢/F480™¢ (U,Z) at 4 and 24 h. FACS pictures are
representative of independent experiments with similar results. Values
are presented as means = S.D. of n=7 mice per group. Statistical analysis
was conducted by one-way ANOVA followed by Bonferroni’s for
multiple comparisons. *P<0.05, *#P<0.005 vs CTRL group; *P<0.05,
**P<0.01 vs IL-17 group. From Raucci et al. [29].
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1.4 Co-administration of PF 9184 and Troglitazone with IL-17 into
the air pouch decreases the release of cyto-chemokines in the
inflammatory fluids

To gain some insights into other possible differences in the inflammatory
response caused by the co-administration of an mPGES-1 inhibitor or a
PPAR-y agonist with an IL-17 inflammatory stimulus, we used an
unbiased approach (pre-made protein array) based on profiling cytokines
and chemokines present in the inflammatory fluids. As shown in Figure
6, the pouch fluid obtained from IL-17-administered mice showed a large
increase, at 4 (Fig. 6A-D) and, in particular, 24 h (Fig. 6F-I), of cyto-
chemokines compared to vehicle (CTRL group). When comparing pouch
fluids from PF and TRO-treated groups with IL-17 (alone), we observed
a selective decrease in a range of mediators (Fig. 6A-D and Fig. 6F-I at 4
and 24 h, respectively). Densitometric analysis revealed that the PF-
treated group had a specific modulation, at 4 h (Fig. 6E), in the following
factors: B lymphocyte chemoattractant (BLC), sSICAM-1, IL-16, IP-10,
keratinocyte chemoattractant (KC), macrophage colony-stimulating
factor (MCSF), junctional epithelium (JE), MCP-5, monokine induced by
interferon y (MIG), MIPs, metallopeptidase inhibitor-1 (TIMP-1) and
triggering receptor expressed on myeloid cells-1 (TREM-1) compared to
IL-17 group (Fig. 6E). This profile was confirmed at the 24 h time-point
(Fig. 6J) in addition to complement component 5a (C5a), INF-y, I1L-1a,
IL-1B, IL-7, interferon-inducible T-cell a chemoattractant (ITAC) and
stromal cell-derived factor-1 (SDF-1) (Fig. 6J). A similar inhibitory
profile was found in TRO-injected mice, but surprisingly we observed a
more prominent modulation of BLC, Cba, IL-17, IP-10, SDF-1 and
TIMP-1 at 4 h (Fig. 6E) and of BLC, sICAM-1, IL-16, IL-17, JE, MCP-5
and MIG at 24 h time-point (Fig. 6J). A increase/decrease of cyto-
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chemokines in all experimental conditions are reported in Supplementary

Fig. 17.
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Fig. 6. Co-administration of PF and TRO with IL-17 into the air
pouch decreases the release of cyto-chemokines in the inflammatory
fluid. Inflammatory supernatants obtained from the pouch cavities were
assayed using a Proteome Profiler cytokine array at both 4 and 24 h for
CTRL (respectively A, F), IL-17 (1 pg/pouch, respectively B, G), IL-17
+ PF (9 po/pouch, respectively C, H) and IL-17 + TRO (9 ug,
respectively D, 1). Densitometric analysis is presented as heat map at 4
(E) and 24 h (J). Data (expressed as INT/mmy,) are presented as means *
S.D. of positive spots of three separate independent experiments run each
with n=7 mice per group pooled. From Raucci et al. [29].
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1.5 Protective effect of PF 9184 and Troglitazone on murine

macrophages

To further confirm the validity of our in vivo findings, we carried out in
vitro studies using a murine macrophage cell line J774. Stimulation of
macrophages with increasing concentrations of IL-17 (0.5-500 ng/ml)
induced a significant increase in IL-17R expression at both 4 and 24 h
(Fig. 7A). Notably, pre-treatment of I1L-17 (50 ng/ml)-stimulated
macrophages with PF or TRO (50 uM) reverted the expression of COX-2
and mPGES-1 at 4 and 24 h (Fig. 7B). Moreover, PPAR-y expression
was weakly present in IL-17 group, whereas it significantly increased in
PF (only at 24 h) and TRO-treated mice (at both 4 and 24 h), further
strengthening our hypothesis of activation of an alternative pathway
following thiazolidinedione administration (Fig. 7B). Densitometric
values (at the bottom of the Fig. 7A,B) are expressed as OD Ratio with
actin for both 4 and 24 h. Original western blots are presented in

Supplementary Fig. 18-23.
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Fig. 7. Protective effect of PF and TRO on murine isolated and IL-
17-stimulated macrophage. Whole cellular pellets homogenates from
murine macrophages stimulated with increasing concentration of 1L-17
(0.5-500 ng/ml) (A) or with IL-17 at 50 ng/ml in the presence or absence
of PF 9184 (PF, 50 uM) and Troglitazone (TRO, 50 uM) at 4 and 24 h
(B) were analyzed, by western blot, for IL-17R, COX-2, PPAR-y,
MPGES-1 and actin expression. Western blot images are representative
of three separate experiments with similar results. Cumulative
densitometric values (at the bottom of Figure A,B) are expressed as OD
Ratio with actin for both 4 and 24 h. Values are presented as means *
S.D. of three separate independent experiments run each with n=7 mice
per group pooled. Statistical analysis was conducted by one-way
ANOVA followed by Bonferroni’s for multiple comparisons. *P<0.05,
#p<0.01, #P<0.005 vs CTRL group; *P<0.05, **P<0.01, ***P<0.005
vs IL-17 group. From Raucci et al. [29].

58



Results

2. IL-17 NEUTRALIZING ANTIBODY REGULATES
MONOSODIUM  URATE CRYSTAL-INDUCED GOUTY
INFLAMMATION

2.1 Neutralization of IL-17 reduces the severity of MSU-induced
gouty inflammation

l.a. injection of MSU crystals into mouse knee joints was used to mimic
the etiologic cause of human gouty inflammation [127]. MSU crystals
injection produced an intense and reproducible joint inflammatory score
(that peaked between 18 and 24 h) that was dose-dependently attenuated
by the administration of IL-17Ab (1-10 pg/20 ul), with a maximum
inhibition rate observed at the dose of 10 pg. A significant, but lesser,
effect was observed when IL-17Ab was administrated at a dose of 3 ug,
then abrogated at a dose of 1 pg (Fig. 8A). Administration of IL-17Ab
isotype control (1IgG2a) had no significant effects on clinical scores (data
not shown).

Based on these results, we evaluated joint swelling in a time-course
experiment with the most active dose of IL-17Ab (10 pg). As shown in
Fig. 8B, neutralization of IL-17 remarkably decreased joint swelling
between 18 and 24 h. All inflammatory parameters subsided by 24-48h
after MSU crystals injection.
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Fig. 8. IL-17Ab modulates MSU crystals-induced gouty
inflammation and oedema. Mice were treated with IL-17Ab (1.0, 3.0
and 10pg/20ul) or IL-17Ab vehicle (20ul PBS) 30 min after intra-
articular stimulation with MSU crystals (200ug/20ul) in the right knee
joint. (A) Joint inflammation score (0-3 in increments of 0.25) was
evaluated at 4, 18, 24 and 48 h, and (B) joint inflammation oedema was
evaluated at 1,2,3,4,5,6,18, 24 and 48 h after the stimulus with MSU.
Data (expressed as joint inflammation score and A increase of knee joint
mm) are presented as means + SD of n=6 mice per group. Statistical
analysis was conducted by one-way ANOVA followed by Bonferroni’s
multiple comparisons. *P<0.05, #P<0.01, *#P<0.005 vs Ctrl group;
*P<0.05, **p<0.01 vs MSU group. From Raucci et al. [86].
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2.2 IL-17Ab ameliorates MSU-induced leukocytes recruitment and
activation in the knee joints

Leukocyte recruitment into the knee joint is a hallmark of gout
inflammation and arthritis pathology [128, 129]. Thus, based on previous
results, we selected the most active doses (10ug) of IL-17Ab to test the
modulation  of leukocyte recruitment and activation. The
histopathological (H&E) findings (Fig. 9) show that IL-17Ab reduced
inflammatory cell recruitment to the knee joint (Fig. 9C) compared to
MSU crystals-treated mice (Fig. 9B), suggesting a reduction in synovitis.
In addition, we also observed a significant reduction in MPO activity (a
surrogate marker for granulocyte infiltration) in the knee joints of IL-
17Ab-treated mice compared to MSU crystals group alone (Fig. 9D).

In line with these observations, it has been reported that in several tissues
and different cell types, including leukocytes, fibroblasts, osteoblasts and
chondrocytes, mPGEs-1 expression is enhanced by a variety of
inflammatory factors, including LPS, IL-1B, TNFa, and IL-17, the latter
of which was targeted in this study [54, 55, 130]. Western blot analysis
performed on whole knee joint homogenates showed that COX-2 (Fig.
10A) and mPGEs-1 (Fig. 10B) were up-regulated during MSU crystals
condition and were both significantly decreased after IL-17Ab treatment
(Fig. 10E,F, respectively). Moreover, we observed that IL-17R
expression (increased in MSU-treated animals compared to the Citrl
group) was not influenced after IL-17Ab administration (Fig. 10C,G).
Uncropped and original western blots are presented in Supplementary
Fig. 24-25. Notably, we observed a strong reduction of soluble PGE>
levels in the IL-17Ab-treated group compared to MSU-treated animals
(Fig. 10H).
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Fig. 9. IL-17ADb treatment moderates leukocyte infiltration in the
mouse knee joint. Mice were treated with 1L-17Ab (10ug/20pl) or IL-
17ADb vehicle (20ul PBS) 30 min after intra-articular stimulation with
MSU crystals (200ug/20ul) in the right knee joint. Thereafter, at 18h
time-point, knee joint tissues were stained for haematoxylin-eosin (A-C)
and tested for myeloperoxidase activity (D). H&E pictures are
representative of three independent experiments with similar results.
Data of MPO activity (expressed as Units for mg of tissue) are presented
as means + SD of n=6 mice per group. Statistical analysis was conducted
by one-way ANOVA followed by Bonferroni’s multiple comparisons.
##p<0.005 vs Ctrl group; **p<0.01 vs MSU group. From Raucci et al.

[86].
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Fig. 10. IL-17Ab modulates COX-2 and mPGEs-1 expression in
MSU crystals-induced gouty inflammation. Whole knee joints
homogenates from Ctrl, MSU and MSU + IL-17Ab group were analysed
by western blot for COX-2 (A), mPGEs-1 (B), IL-17R (C) and their actin
expression with related cumulative densitometric values (E-G). WB
pictures are representative of three separate experiments with similar
results. Thereafter, whole homogenates from different experimental
conditions were assayed by Elisa for PGE> levels (E). Data of Elisa assay
(expressed as pg/ml) are presented as means + SD of n=6 mice per
group. Statistical analysis was conducted by one-way ANOVA followed
by Bonferroni’s multiple comparisons. *P<0.01 vs Ctrl group; *p<0.05
vs MSU group. From Raucci et al. [86].

2.3 Injection of IL-17Ab into the knee joints reduces the recruitment
of inflammatory monocytes

To investigate and compare the phenotype of inflammatory leukocytes
recruited by MSU injection, we stained cells with anti-B220, anti-
CD115, anti-F480, and anti-GR1 antibodies and analysed them by flow
cytometry. Specifically, to identify potential differences in monocyte
subpopulations, we first gated on the B220" population (Gate R1, Fig.
11A,D,G) and then determined GR1 and F480 expression (Fig.
11B,E,H). A double positive population for these markers (Gate R2) was
then further interrogated for CD115 (Fig. 11C,F,1) as their expression
level is commonly correlated with the degree of maturation of
inflammatory monocytes [131, 132]. Our results show that in MSU-
injected mice, the majority of cells recovered were B220/GR1"-
F480"/CD115" (88.30+2.48 compared to 71.70+2.57 of Ctrl) with a
significant lower expression in 1L-17Ab-treated group (75.30+2.29) (Fig.
11J). These values were strengthened by an irrelevant percentage of
positive cells found in the staining for the isotype control antibodies (data

not shown).
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Fig. 11. Flow cytometry strategy applied to identify the modulation
of inflammatory monocytes in MSU and MSU + IL-17Ab-treated
groups. Ankle joints were digested, and single cell suspensions were
obtained. Cells were washed and stained with the following panel of
antibodies: anti-B220, anti-CD115, anti-F480, and anti-GR1. Cells
negative for B220 (R1, A, D, G) were plotted for GR1-F480 (B, E, H) in
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order to get a double positive population (R2) followed by further
characterization based on CD115 (C, F, I). The numbers in the dot plots
indicated the percentage of positively stained cells after the gating
strategy, whereas histogram values (J) indicated the percentage of
CD115 positive stained cells. FACS plots are representative of three
independent experiments with similar results. Data are presented as
means + SD of n=6 mice per group. Statistical analysis was conducted by
one-way ANOVA followed by Bonferroni’s multiple comparisons.
#p<0.01 vs Ctrl group; **p<0.01 vs MSU group. From Raucci et al.
[86].

We next sought to determine the effect of IL-17Ab on MSU crystals-
induced pro-inflammatory cyto-chemokines production (Fig. 12A), given
the importance of pro-inflammatory mediators to gout pathology onset
[133]. MSU crystals administration induced a robust increase of JE, IL-
la, IL-1B, IL-16, IL-17, C5a, BLC and, with a less (but still significant)
extent IP-10, Rantes, KC, TIMP-1, SDF-1 and metalloproteinases (Fig.
12C) compared to Ctrl group (Fig. 12B). Interestingly, treatment with IL-
17ADb (Fig. 12D) reverted this cyto-chemokines over-production next to
MSU crystals-treated mice (Fig. 12E). IL-17Ab isotype control did not

alter the levels of any of the mediators measured (data not shown).
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Fig. 12. Survey of inflammatory mediators collected from mice
receiving MSU and IL-17Ab injection in the knee joint. Inflammatory
fluids obtained from homogenates knees joints were assayed using a
Proteome Profiler cytokine array (A) for Ctrl (B), MSU (C) and MSU +
IL-17Ab (D) group. The bar graph (E) shows the densitometric analysis
of the arrays in B-D. Bars show mean changes £ SD. of positive spots of
three independent experiments with n=6 mice obtained as a A of
increase/decrease in the INT/mm? between MSU and Ctrl (red bar) and
MSU + IL-17Ab and MSU (blue bar). Statistical analysis was conducted
by one-way ANOVA followed by Bonferroni’s multiple comparisons.
#P<0.05, #P<0.01, *¥P<0.005 vs Ctrl group; *P<0.05, **p<0.01,
**%1p<0.005 vs MSU group. From Raucci et al. [86].
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2.4 In situ administration of MSU and IL-17Ab influences systemic
Th17 and Treg balance

In order to clarify whether the differing inflammatory profiles observed
in the knee joints were correlated to different systemic Th17 and Treg
balance, we stained isolated lymphocytes cells with an anti-CD4, an
accessory protein for MHC class-11 antigen/T-cell receptor interaction, an
anti-CD8, a marker that identifies cytotoxic/suppressor T-cells that
interact with MHC class | and then with an anti-CD4/IL-17 and anti-
CD4/CD25/Foxp3 in order to identify Thl7 and Treg population
respectively according to previous protocols [134, 135].

The results did not reflect any significant difference in the levels of CD4*
and CD8" cells in all experimental conditions (Fig. 13A-D). However, as
shown in Fig. 13E and G, MSU crystals-treated mice displayed a strong
increase in the percentage of Th17* cells (12.70+3.85) compared to the
Ctrl group (0.01+0.002), which was significantly reduced after 1L-17Ab
treatment (2.55+1.10). This systemic lymphocyte profile change (Fig.
13G) did not affect the Treg repertoire, given that we did not observe any
significant difference in terms of CD4*CD25*Foxp3* cells (Fig. 13F,H).
These values were strengthened by an irrelevant percentage of positive
cells found in all the staining for the isotype control antibodies (data not

shown).
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Fig. 13. IL-17Ab influences Th17 and Treg ratio in peripheral blood.
Lymphocytes isolated from whole blood by Ficoll-Paque Plus gradient
method were washed and stained with CD4 (A), CD8 (B) and CD4/IL-17
(E). Finally, CD4" cells were plotted for CD25/Foxp3 (F) and analyzed
by FACS. Histogram values (C, D, G and H) indicated the percentage of
positively stained cells in the different experimental conditions. FACS
pictures are representative of three independent experiments with similar
results. Data are presented as means + SD of n=6 mice per group.
Statistical analysis was conducted by one-way ANOVA followed by
Bonferroni’s multiple comparisons. *#P<0.01 vs Ctrl group; **p<0.01 vs
MSU group. From Raucci et al. [86].
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3. DESIGN OF THE MOST ACTIVE SEQUENCE OF IL-17A/F
AND BIOLOGICAL CHARACTERIZATION OF A NOVEL
MONOCLONAL NEUTRALIZING ANTIBODY

3.1 Synthesis and biological characterization of the most active
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3.2 nlL-17™ exerts a more prominent leukocytes recruitment and

cyto-chemokines production next to IL-17 full-length protein on in
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3.3 Biological characterization of a novel IL-17 neutralizing antibody
(Ab-IPL-IL-17™)
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Discussion and Conclusions

CHAPTER 4: DISCUSSION AND CONCLUSIONS

1. IL-17-INDUCED INFLAMMATION MODULATES THE
MPGES-1/PPAR-y PATHWAY IN MONOCYTES/
MACROPHAGES

The integration of inflammatory signals is paramount to controlling the
intensity and duration of the immune response. Eicosanoids, particularly
PGE,, are critical molecules in the initiation of inflammation and
transition from innate to acquired immune responses. mMPGES-1, an
integral membrane enzyme functionally coupled to COX-2, whose
regulated expression controls PGE> levels at sites of inflammation [137,
138], has pleiotropic effects on many immune system cells, influencing
both the innate and acquired immune responses [139, 140]. PGE; can
promote the influx and activation of neutrophils, macrophages and mast
cells [141, 142] but can also suppress NKT cytolytic and granulocyte
functions [143]. In vitro evidence from several groups has shown that the
induction of MPGES-1 is increased in response to the pro-inflammatory
cytokines IL-1B, TNF, or LPS and that its expression in certain immune-
mediated inflammatory diseases (IMIDs), maybe up-regulated by a wide
range of stimuli [144]. Li and colleagues [55] have shown that the
expression and regulation of mPGES-1 and PPAR-y in human
osteoarthritic cartilage and chondrocytes are regulated by pro-
inflammatory stimuli such as IL-1a and TNFa and that the concomitant
presence of IL-17 displayed a synergistic effect reversed by Troglitazone
or exogenous PGE>. These data suggest that mMPGES-1 may prove to be
an interesting therapeutic target for controlling PGE2 synthesis in certain
IMIDs such as RA, PsA and spondylarthritis (SpA) [145, 146], where IL-

17 levels are uniquely situated to amplify inflammation [56].
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Self-regulation of the COXs pathway does not consist solely of positive
feedback but also involves mechanisms that inhibit the inflammatory
response. At the centre of the COXs auto-inhibitory pathway are PPARs.
Activation of inflammatory responses causes an increase in the
expression of PPAR-o and a decrease in PPAR-y [147, 148]. PPARs are
nuclear receptors activated by oxidized and nitrated fatty acid derivatives
and cyclopentenone prostaglandins (PGA2 and 15d-PGJ;) during the
inflammatory response. Other activators include nonsteroidal anti-
inflammatory drugs (NSAID), fatty acids, especially polyunsaturated
fatty acid (PUFA) (arachidonic acid, ALA, EPA, and DHA) and
thiazolidinedione derivates [149]. The primary function of PPARSs during
the inflammatory reaction is to promote the inactivation of NF-xB (by
direct binding of p65 NF-«xB) or the proteolytic degradation of p65 NF-
kB. PPARSs also cause an increase in the expression of IkB-o, SIRT1, and
PTEN, which interfere with the activation and function of NF-kB in
inflammatory reactions [150]. From a pathological point of view, it
should also be taken into account that IL-1a, TNFa, IL-17 and PGEg,
which are involved in the pathogenesis and progression of certain
IMIDS, also down-regulate PPAR-y expression in a dose- and time-
dependent manner [151, 152]. Several lines of evidence suggest that
PPAR-y activation may have therapeutic benefits in RA, PsA and
possibly other chronic articular diseases [50, 153], where all these

mediators, particularly IL-17, are up-regulated [56, 86].

IL-17 is an archetype molecule for the entire family of IL-17 cytokines.
Currently believed to be produced by a specific subset of CD4" T cells,
named Th17 cells, but also by many innate cell components [13], this
cytokine is functionally located at the interface of innate and adaptive

immunity [56]. Specifically, IL-17 ability to induce the release of a range
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of cyto-chemokines and growth factors has led to its emergence as an
essential co-ordinator of local inflammatory reactions due to its ability to
modulate neutrophil and monocyte accumulation in inflamed tissues.
Furthermore, growing evidence suggests that targeting IL-17 signalling
may prove helpful in various inflammatory-based diseases, including
RA, Osteoarthritis (OA), asthma, Crohn's disease (CD), psoriatic like-
disease and PsA. Here, using a well-established preclinical model of
ongoing inflammation, the dorsal air pouch [19], we tested the
hypothesis that pre-treatment with an mPGES-1 inhibitor or PPAR-y
agonist could retard the process of IL-17-induced inflammation. We
confirmed the pro-inflammatory action (at 4 and 24 h) of IL-17 but also
found a novel protective role for PF and TRO, as exemplified by a
reduction in both PMN recruitment (at both 4 and in particular 24 h),
MPO activity and modulation of crucial lipid mediators strictly related to
mMPGES-1 and PPAR-y enzymatic activity (PGE., PGD2, and PGJ,).
From a mechanistic basis, we demonstrated that IL-17 increased in a
time-dependent manner, the levels of its receptor (IL-17R), COX-2,
mMPGES-1, and NF-kB and decreased mPTGDS-1, PPAR-y and IkB-a
expression, in pouch-recruited leukocytes. Moreover, co-administration
with PF and TRO was shown to significantly revert PMN recruitment,
MPO activity, and reduce the level of lipid mediators and, most
importantly, modulate mPGES-1, mPTGDS-1, PPAR-y and NF-«B/IxB-
a expression, leaving unchanged IL-17R expression. Another exciting
aspect of this thesis is that we provide the first reported evidence of an
indirect, coordinated functional regulation in both neutrophils and
monocytes by mPGES-1 and PPAR-y. This is most likely related to
complex mechanisms regulating COX-2/mPGES-1 in vivo, which impact
PPAR-y activity [57].
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This hypothesis is consistent with previous studies showing that pre-
adipocytes stably transfected with either COX-1 or COX-2 had lower
PPAR-y expression [154] and that mice genetically deficient for mPGES-
1 had basal elevations in PPAR-y expression and transcriptional activity
[147]. The mechanisms by which the COX-2/mPGES-1/PGE; axis and
the nuclear receptor PPAR-y interact during the inflammatory process are
not entirely delineated but may be linked to PGE: ability (mainly
produced by neutrophils at the early stage of inflammation) to decrease
the amount of well-known lipid mediators (such as PGD, and PGJ,)
which are implicated in the induction of PPAR-y [57]. It is also possible
that the reduction of COX-2/PGE; involves trans-repression, via
SUMOylation, of PPARy [155, 156]. This “off-target” effect has been
previously described for other mPGEs-1 inhibitors [157], such as AF
3485. In this thesis, AF displayed a similar anti-inflammatory profile
compared to PF 9184.

This biological event is interconnected with a cellular shift from
neutrophils to monocytes, as exemplified by the release of specific
neutrophils (KC, C5a) and monocytes/macrophages (INF-y, 1L-16, IL-
17, 1P-10, JE, MIPs, TREM-1, sICAM-1, IL-10/B, MCPs, MIG, TIMP-1)
cyto-chemokines. It is well-established in the literature that i) PPAR-y
acts as a negative regulator of macrophage activation [48] due to its
ability to control the polarization of monocyte differentiation between
pro-inflammatory (M1) and alternative anti-inflammatory (M2)
macrophage phenotypes [158] and to reduce neutrophil migration to sites
of injury [159]; ii) neutrophils are a primary cellular source of mMPGES-1,
with activated M1, rather than alternatively activated M2 macrophages, a
secondary source [160, 161]. It is clear from these current results that the
release of PGE> and PGD2/PGJ> related to COX-2/mPGES-1 and PPAR-
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v/mPTGDS-1 expression follows the temporal shift from neutrophils to
monocytes that are implicated in the potential resolution of inflammatory
response. This was confirmed by our experiments performed in the
presence of either PF or TRO's where both compounds were shown to
revert the inflammatory response (Fig. 1). To further support this
association between IL-17 and mPGEs-1/PPARy expression and
modulation, and in light of the detrimental role of macrophages and
macrophage-derived cytokines in RA and SpA synovium [162], we
performed in vitro experiments where we used J774 cell line.
Interestingly, we confirmed our in vivo results, demonstrating a direct
involvement of mPGES-1/PPAR-y axis in IL-17-stimulated
macrophages.

1.1 Conclusions

In conclusion, our results reveal a novel interaction between IL-17 and
mPGES-1/PPAR-y generated by macrophages/inflammatory monocytes
during inflammation. Therefore, we believe that the IL-17/mPGES-
1/PPAR-y “axis” could represent a potential therapeutic target for

inflammatory-based and immune-mediated diseases.

90



Discussion and Conclusions

BLC

IL-16 IL-1a

IL-17 |

DR Bz

L-1B

INFLAMMATION ONSET Infi Mono 1P-10 IL-1ra

KC
Infl Mono M-CSF p
JE I
MCPs I

-7

L-16
L-17
P-10

MIG I-TAC

MIPs KC
SDF-1 M-CSF

RESOLUTION OF INFLAMMATION TIMP-1 JE
TREM-1 MCPs

D D A 8
BB B o b
NF-kB 4

T —
/ PPAR-y COX-2

!"n; < MPGESs-1 N

» PGD,

" PGJ, PGE,

Fig. 1 Schematic representation IL-17/mPGES-1/PPAR-y axis
involvement on the onset and resolution of inflammation. IL-17
injection into the air pouch recruits neutrophils and, more specifically,
inflammatory monocytes, producing a massive release of pro-
inflammatory cyto-chemokines at 4 and 24 h. However, the co-
administration of IL-17 with an mPGES-1 inhibitor (PF) or PPAR-y
agonist (TRO) shifts the equilibrium between COX-2/mPGES-1 and
PPAR-y/mPTGDS-1 pathways, down-regulating PGE2 and up-regulating
PGD2/PGJ: levels via NF-xB. From Raucci et al. [29].
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2. IL-17 NEUTRALIZING ANTIBODY  REGULATES
MONOSODIUM URATE  CRYSTAL-INDUCED GOUTY
INFLAMMATION

The results of this thesis show, for the first time, that i.a. injection of
MSU crystals stimulates in vivo production of Thl7 cells and Thl7-
related inflammatory cyto-chemokines. In addition, we have provided
evidence that the administration of a neutralizing antibody against IL-17
attenuates joint symptoms, swelling and leukocyte infiltration/activation
to the inflamed tissues, possibly providing a new strategy for the
treatment of gouty inflammation and/or arthritis.

Gout is characterized by the deposition of MSU crystals in joints, which
is associated with increased serum urate content, leading to excruciating
pain and inflammatory events [163, 164]. In addition, MSU crystals
deposits induce chronic inflammatory responses that may lead to joint
damage, often referred to as gouty arthritis or chronic gout [165].
Moreover, MSU crystals can also cause acute, self-limited, inflammatory
flares, which are likely triggered by crystal shedding from the cartilage
surface into the joint space, where they can interact with resident cells.
All these processes are mainly related to activated neutrophils and
macrophages, which are responsible for the release of PGE», IL-1B,
TNFa, and activate nociceptor neurons and, thereby, producing pain
[166-168]. Indeed, targeting IL-1B, TNFao or PGE:> in rheumatic diseases
reduce neutrophil recruitment and associated pain [128].

Recent evidence has highlighted that serum IL-17 levels are significantly
elevated in GA patients [70] and that systemic Th17/Treg imbalance is
consistent with inflammation development in the joints. Accordingly, the

changes in the Th17/Treg ratio decrease at an earlier stage, followed by
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an increase at a later stage, suggesting a photogenic role of this specific
CD4" subset in gouty onset and development [72]. In line with these
observations, we have demonstrated that MSU crystals injection in mice
induces the up-regulation of different mediators strictly correlated with
the biological activity of 1L-17 and Th17 cells profile [13]. Furthermore,
we found that MSU crystals administration induced the modulation of i)
typical pro-inflammatory cytokines such as IL-1a, IL-1p, IL-16, IL-17
and TREM-1, ii) different chemokines such as BLC, IP-10, JE, SDF-1
and Rantes involved in leukocytes recruitment and activation and iii)
other activators of inflammation such as Cb5a, the chemotactic cytokines
MIP-1/2 and the tissue inhibitor of metalloproteinase TIMP-1.

In line with these observations, it has been reported that in several tissues
and different cell types, including leukocytes, fibroblasts, osteoblasts and
chondrocytes, mPGEs-1 expression is enhanced by a variety of
inflammatory factors, including LPS, IL-1B, TNF-a, and IL-17, the latter
of which was targeted in this study [54, 55, 130]. COX-2/mPGEs-1 is a
very complex enzymatic process that initiates the formation of PGE> and
the lengthening of the pro-inflammatory and pro-nociceptive stimuli [45,
169]. The concept of a changeable PGs production pathway (including
the modulation of both COX-2 and mPGEs-1) could have important
implications for understanding the inflammatory events typical of certain
illnesses, including gouty inflammation and/or arthritis. Interestingly, we
have demonstrated that COX-2 and mPGEs-1 were up-regulated during
MSU administration, and both decreased after IL-17Ab treatment. This
finding was also confirmed by a strong reduction of PGE: levels in the
IL-17Ab-treated group. The selective modulation of COX-2/mPGEs-1
pathway was also correlated with the observation that IL-17 receptor
expression (increased in MSU-treated animals compared to the Citrl
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group) was not influenced by IL-17Ab administration. All these
biochemical changes were consistent with those observed
macroscopically. Indeed, administration of a neutralizing monoclonal
antibody against IL-17 prevented the swelling of the inflamed joints
between 18 and 24 h, but it failed to have a consistent effect at other time
points of observation.

Successively, to investigate and compare the phenotype of the
inflammatory leukocytes recruited by MSU injection into knee joints, we
first gaited on cells isolated from knee joints for B220" population,
followed by GR1-F480 expression to finally identify the level of
CD115%, commonly correlated with the degree of maturation of
inflammatory monocytes [131, 132]. Our results show that in MSU-
injected mice, most of the cells recovered were inflammatory monocytes
with a significant lower expression of mentioned markers in the IL-
17Ab-treated group.

The inflammatory effects of MSU crystals have been recently suggested
to involve the activation of the NLRP3 inflammasome and IL-1p [170].
Furthermore, the role of this cytokine in the pathogenesis of
inflammation in gout has been strengthened by studies showing that the
biologic Anakira (recombinant IL-1Ra) has beneficial therapeutic effects
in gout [171, 172]. However, in the literature, the role of other specific
inflammatory components necessary for gouty onset, such as IL-16,
TREM-1, JE, Rantes and SDF-1 that we found up-regulated and
modulated in MSU crystals and IL-17Ab-treated mice respectively, is
less clear. In this context, the presence of IL-17 could justify the
overproduction of these soluble mediators released from activated
monocytes/macrophages in the later stage of gouty inflammation. In fact,
an aspect that should not be omitted is that the presence of IL-17 at the
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later stages of the inflammatory response has been proposed to be the
main contributor to chronic inflammation due to its ability to sustain the
recruitment of neutrophils and inflammatory monocytes [82, 173],
mainly by the selective production of JE, IL-16 and TREM-1 [19, 56, 73,
74]. Given that this cytokine is thought to contribute to the pathogenesis
of this disease, targeting the IL-17 axis could represent an attractive
option for inflammatory-related diseases.

IL-16 and TREM-1 are classically considered key players in rheumatoid
arthritis and inflammatory-related diseases due to their ability to
modulate neutrophil migration across the epithelium [174] and
macrophage infiltration at pathological sites [175, 176]. Recent studies
also demonstrated that fibroblast-like synoviocytes from RA patients
express higher levels of IL-16 compared to those from osteoarthritis
patients [177] and that TREM-1 is involved in both neutrophil migration
and macrophage infiltration in chronic inflammatory pathologies [174,
178] thus providing a possible explanation for the amplified
inflammatory response we observed in our thesis.

Considering this scenario, it makes sense that patients with RA display a
high level of IL-17 and are more sensitive to an anti-IL-17 inhibitor.
Accordingly, in most of these patients, anti-IL-17 treatment reduces
symptoms, inflammation, and bone destruction [179, 180]. Moreover, it
should be noted that IL-17 has been shown to play a key role in other
forms of arthritis, such as PsA, in which the induction of IL-17 cytokines
axis (IL-17A, IL-17F and IL-22) promotes intra-and/or peri-articular
inflammation [181-183]. To better understand this previous observation
and to view the coin from another side, a flow cytometry bioassay was
carried out on peripheral blood to evaluate the balance of Treg/Th17 after
MSU crystals induction and IL-17Ab treatment. Interestingly, our results
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show that IL-17Ab selectively reverted Th1l7 systemic positive cells
“normally” up-regulated after MSU crystals injection without interfering

with the Treg population.

2.1 Conclusions

Overall, our findings and previously reported evidence suggest that 1L-17
may play a crucial role in joint pathology at the late phase of crystal-
induced acute inflammation/arthritis. However, what we think as most
interesting and novel in this thesis is the possibility of the existence of
two mechanisms of inflammatory amplification during gouty
inflammation: one local and the second systemic that, in turn, amplify
and sustain the inflammatory onset but, intriguingly, both related to Th17
and IL-17 biology (Fig. 2). Future elucidation of the pathophysiological
roles of IL-17 in gouty inflammation will be crucial in the understanding
the precise mechanism of crystal-induced inflammation and will possibly
provide a new strategy for the treatment of this pathology.

96



Discussion and Conclusions

CHRONIC INFLAMMATION ONSET

Inflammatory
Monocytes Th17cells

TREM 1 IL 17
I~ O eee
PMN Mono/M®

IL 1, TNF-a
—
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e U @

Inflammatory Th17cells
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CONTROL OF INFLAMMATION ONSET

Fig. 2 Schematic representation of IL-17/COX-2/mPGES-1 axis
involvement on the onset and resolution of gouty arthritis. Intra-
articular injection of MSU crystals recruits infiltrating inflammatory
monocytes and circulating Th17, but not Treg, producing a massive
release of related pro-inflammatory cyto-chemokines. However, the
administration of a neutralizing antibody against IL-17 (IL-17Ab) shifts
this equilibrium attenuating joint symptoms, swelling and leukocyte
infiltration. From Raucci et al. [86].
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CHAPTER 5. GENERAL CONCLUSIONS
Rapid progress in both disease knowledge and biotechnology over the
past three decades has led to an increasingly diverse armamentarium of
therapies for IMIDs.
CD4* T cells sit at the interface between innate and adaptive immunity
and are considered the orchestrators of the adaptive immune response.
Early studies of CD4" T-cell biology described two mutually exclusive
phenotypes, Thl and Th2. Thl cells promote cellular immunity against
intracellular pathogens via the release of cytokines such as IFNy,
whereas Th2 cells promote humoral immunity and the response to
helminth infections via the production of IL-4, IL-5 and IL-13. Th1 cells
were initially regarded as the drivers of many IMIDs, including RA,
although both animal and human data suggested that they were not
always essential, catalysing the search for alternative subsets.
Th17 cells appeared to fill this gap, at least in some diseases. IL-17, one
of the cytokines produced mainly by this subset, is a potent pro-
inflammatory cytokine which, together with TNFa and IL-1p, recruits
neutrophils and macrophages as well as inhibits chondrocyte metabolism
and promotes osteoclastogenesis. Since their discovery, Th17 cells have
been implicated in various IMIDs, including RA, Ps, PsA, AS and IBDs.
Blocking the Th17 axis, either by inhibiting IL-17 directly or via
preventing Th17 cell differentiation, is now an area of intense therapeutic
development.
In this PhD thesis, we have highlighted a few examples of novel
approaches, particularly where data have provided new downstream
knowledge/s. We have demonstrated that IL-17 may constitute a specific
modulator of inflammatory monocytes during later phases of the

inflammatory response. The results of this thesis show, for the first time,
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that the IL-17/mPGES-1/PPAR-y pathway could represent a potential
therapeutic target for inflammatory-based and immune-mediated diseases
such as gouty arthritis. Contextually, we have identified the “essential”
A.A. sequence responsible for both mouse and human IL-17A/F
biological activity providing the biochemical basis and also preclinical
evidence for the development of a “new generation” of IL-17-
neutralizing antibodies.

The future remains exciting for clinicians treating IMIDs and for their
patients. Targeted therapies, as well as providing new treatment
paradigms, continue to inform us about the pathogenesis of disease and
its complications. Future studies and clinical trials will need to become
increasingly sophisticated to address these varying requirements. We will

See.
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Supplementary Fig. 1. Mice were treated with IL-17 vehicle (CTRL),
IL-17 (1 pg/pouch) alone (IL-17) or co-administrated with PF 9184 (PF,
9 ug/pouch) AF 3485 (AF, 9 pg/pouch) and, thereafter, total cell number
from pouches’ inflammatory exudates was evaluated at 4 (A), 24 (B) and
48 (C) h. Data were expressed as millions of cells for pouch and
presented as means + S.D. of n=7 mice per group. Statistical analysis was
conducted by one-way ANOVA followed by Bonferroni’s for multiple
comparisons. *P<0.05, *#*P<0.005 vs CTRL group; *P<0.05, **P<0.01 vs
IL-17 group. From Raucci et al. [29].

A B
10000
IL-AT {1 pag) ELISA assay
l l T s000 .
£ .
&
OO0
=
I I I %
[ 24 48 =
g 4000+
Time {hours) |
=

-
- ﬂ .
o ¥
4h 24k 48 h

Supplementary Fig. 2. Mice received a single injection of IL-17 (1 pg in
0.5 ml of 0.5% CMC) as described in panel A. The inflammatory fluids
collected from the air pouch at 4, 24 and 48 h were used to measure the
levels of IL-17 (B). Values are presented as means + S.D of n=7 mice per
group. From Raucci et al. [29].
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Supplementary Fig. 3. Whole cellular pellets homogenates from air
pouch experiments in all experimental conditions (CTRL, IL-17, IL-
17+PF, IL-17+AF from left to right respectively) were assayed by
western blot for COX-2, PPAR-y and mPGES-1 expression at 4 and 24
h. Western blot images are representative of three separate experiments
with similar results. Cumulative densitometric values (at the bottom of
the Figure) are expressed as OD Ratio with actin for both 4 and 24 h.
Values are presented as means + S.D. of three separate independent
experiments run each with n=7 mice per group pooled. Statistical
analysis was conducted by one-way ANOVA followed by Bonferroni’s
for multiple comparisons. *P<0.05, #P<0.01, ##P<0.005 vs CTRL group;
*P<0.05, **P<0.01 vs IL-17 group. From Raucci et al. [29].
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Supplementary Fig. 4. Uncropped original western blots for IL-17
Receptor at 4 (A) and 24 h (B) obtained from air pouch recruited cells in
all experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO from
left to right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 5. Uncropped original western blots for COX-2 at 4
(A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO from left
to right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 6. Uncropped original western blots for NF-xB at 4
(A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO from left
to right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 7. Uncropped original western blots for PPAR-y at
4 (A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO from left
to right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 8. Uncropped original western blots for actin at 4
(A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO from left
to right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 9. Uncropped original western blots for IkB-a at 4
(A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO from left
to right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 10. Uncropped original western blots for
mPTGDS-1 at 4 (A) and 24 h (B) obtained from air pouch recruited cells
in all experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO
from left to right respectively). Images represent three separate
independent experiments run each with n=7 mice per group pooled. From
Raucci et al. [29].

114



Supplementary Figures

135kDa 135kDa 135kDa
— ——ly —
T0kDa 70 kDa 70 kDa
 —  — —
45kDa 45kDa 45KDa
— — —p
35kDa 35kDa 35kDa
—_— — B —
17kDa 17kDa 17kDa
— — —
B
135kDa 135kDa 135kDa
—_— —_— —
70 kDa 70 kDa 70 kDa
B — —_— —
45kDa 45KkDa 45kDa
—_— —_ —_—
35kDa 35kDa 35kDa
D —— R —— —
17kDa 17kDa 17kDa

|

Supplementary Fig. 11. Uncropped original western blots for mPGES-1
at 4 (A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+TRO from left
to right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 12. Uncropped original western blots for COX-2 at
4 (A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+AF from left to
right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 13. Uncropped original western blots for PPAR-y at
4 (A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+AF from left to
right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 14. Uncropped original western blots for actin at 4
(A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+AF from left to
right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 15. Uncropped original western blots for mPGES-1
at 4 (A) and 24 h (B) obtained from air pouch recruited cells in all
experimental conditions (CTRL, IL-17, IL-17+PF, IL-17+AF from left to
right respectively). Images represent three separate independent
experiments run each with n=7 mice per group pooled. From Raucci et
al. [29].
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Supplementary Fig. 16. Quantification applied to identify potential
CD45"¢/Ly6G™¢/Ly6C™® (A-B), CD11b*¢/CD115"¢/Ly6C*¢ (C-D)
and CD11b*"¢/CD206"V¢/F480*V¢ (E-F) positive cells stained with isotype
control antibodies. FACS pictures are representative of independent
experiments with similar results with n=7 mice per group. From Raucci
etal. [29].
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Supplementary Fig. 17. Inflammatory supernatants obtained from
pouch cavities were assayed using a Proteome Profiler cytokine array at
both 4 (A) and 24 h (B). Heat maps show A of increase/decrease between
IL-17 (1 pg/pouch) vs CTRL group (IL-17 vehicle), 1L-17 (1 pg/pouch)
+ PF 9184 (PF, 9 pg/pouch) vs IL-17 (1 pg/pouch) group, 1L-17 (1
pg/pouch) + Troglitazone (TRO, 9 pg/pouch) vs IL-17 (1 pg/pouch)
group. Data (A increase/decrease) are presented as means + S.D. of
positive spots of three separate independent experiments run each with
n=7 mice per group pooled. From Raucci et al. [29].
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Supplementary Fig. 18. Original western blots for IL-17 Receptor at 4
(A) and 24 h (B) obtained from murine macrophages stimulated with
increasing concentration of IL-17 (0.5-500 ng/ml). Images represent
three separate independent experiments run each with n=7 mice per
group pooled. From Raucci et al. [29].
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Supplementary Fig. 19. Original western blots for actin at 4 (A) and 24
h (B) obtained from murine macrophages stimulated with increasing
concentration of IL-17 (0.5-500 ng/ml). Images represent three separate
independent experiments run each with n=7 mice per group pooled. From
Raucci et al. [29].
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Supplementary Fig. 20. Original western blots for COX-2 at 4 (A) and
24 h (B) obtained from murine macrophages stimulated with IL-17 (50
ng/ml) in all experimental conditions (CTRL, IL-17, IL-17+PF, IL-
17+TRO from left to right respectively). Images represent three separate
independent experiments run each with n=7 mice per group pooled. From
Raucci et al. [29].
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Supplementary Fig. 21. Original western blots for PPAR-y at 4 (A) and
24 h (B) obtained from murine macrophages stimulated with I1L-17 (50
ng/ml) in all experimental conditions (CTRL, IL-17, IL-17+PF, IL-
17+TRO from left to right respectively). Images represent three separate
independent experiments run each with n=7 mice per group pooled. From
Raucci et al. [29].
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Supplementary Fig. 22. Original western blots for actin at 4 (A) and 24
h (B) obtained from murine macrophages stimulated with 1L-17 (50
ng/ml) in all experimental conditions (CTRL, IL-17, IL-17+PF, IL-
17+TRO from left to right respectively). Images represent three separate
independent experiments run each with n=7 mice per group pooled. From

Raucci et al. [29].

Supplementary Fig. 23. Original western blots for mPGES-1 at 4 (A)
and 24 h (B) obtained from murine macrophages stimulated with IL-17
(50 ng/ml) in all experimental conditions (CTRL, IL-17, IL-17+PF, IL-
17+TRO from left to right respectively). Images represent three separate
independent experiments run each with n=7 mice per group pooled. From
Raucci et al. [29].
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Supplementary Fig. 24. Original western blots for Actin respectively
related to COX-2 (A), IL-17R (B) and mPGEs-1 (C). Red squares
highlight cropped images reported into regular figures of the manuscript.
From Raucci et al. [86].
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Supplementary Fig. 25. Original western blot for COX-2, mPGEs-1 and
IL-17R. Red square highlights cropped image reported into regular figure
of the manuscript. From Raucci et al. [86].
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