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Abstract

Objective
The aim of our study was to investigate possible interaction of IL-17, TRAIL, and TNF-a. in the modulation of
osteoblast homeostasis in vitro, using human differentiated osteoblastic Saos-2 cells as in vitro model.

Methods
The effects of these cytokines on osteoblastic cell viability were assessed, by MTT assay, alone or in combination, at
different times and concentrations. The effects of IL-17 and TNF-a. on the regulatory system of osteoclast activity RANK
/ RANKL / OPG were evaluated by Western blot and ELISA techniques in cell culture media. Quantitative expression of
RANKL, OPG and pro-inflammatory factors were analysed at the mRNA level by quantitative real time RT-PCR.

Results
Effects of IL-17, TNF-a. and TRAIL on osteoblastic cell viability indicated that IL-17 alone, or in combination with
TNF-o. did not alter Saos-2 cell viability. On the other hand, TRAIL, as expected, exhibited time- and concentration-
dependent cytotoxicity. The expression both RANKL and OPG were increased at the mRNA level and protein release
by IL-17 and TNF-a,, either alone or in combination. The analysis of IL-17 and TNF-a. on pro-inflammatory molecules
mRNA expression, such as CXC family chemokines CXCL-1 and CXCL-5, COX-2 and IL-6 demonstrated an increase
in these pro-inflammatory cytokines with cooperative effects of the combination.

Conclusion
Overall, these results suggest that IL-17, TRAIL and TNF-o. sustain bone tissue inflammation associated with decrease
of calcified component. To do so, they act redundantly each other, to amplify the inflammatory response in the bone.
In conclusion, unravelling novel molecular targets within the bone-cytokine network represents a platform for
innovative treatment of bone diseases due to immunological diseases such as psoriatic arthritis.
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Introduction

Rheumatic diseases include a series of
pathological conditions, due to several
independent pathogenetic factors, such
as, for example alterations in cytokine
release. Indeed, cytokines promote the
inflammatory/immune response in sev-
eral organs, including the bone, a tissue
often affected by pathological process-
es associated with an impaired periph-
eral immune response (1).

Psoriasis, is a chronic, autoimmune in-
flammatory skin disease, which is char-
acterised by an abnormal differentiation
and hyperproliferation of epidermal
keratinocytes (2), a condition affecting
two to four percent of the world popu-
lation (3, 4). Psoriasis displays various
systemic effects, and has been associ-
ated with various comorbidities, includ-
ing psoriatic arthritis. In fact, approxi-
mately 20-30% of patients develop
psoriatic arthritis as a long-term conse-
quence of psoriasis, namely a form of
spondyloarthritis (5, 6) characterised by
synovial hyperplasia, immune cell infil-
trates and substantial and rapidly oc-
curring bone erosion, essentially due to
accelerated resorption processes (7, 8).
Indeed, a healthy calcified tissue im-
plies an equilibrium of underlying re-
modelling processes, and results from
a proper balance between both bone
formation and resorption. These two as-
pects of bone physiology are sustained
by two effector cell types, respectively,
osteoblasts, mesenchymal derived cells,
responsible for new bone formation, and
osteoclasts, monocyte-macrophage-
derived cells, underlying mineralised
bone resorbtion. The two processes are
tightly linked; osteoblasts, indeed, pro-
mote osteoclast differentiation through
cell-to-cell interactions and two major
cytokines — receptor activator of NF-kB
ligand (RANKL) and macrophage-col-
ony stimulating factor (M-CSF) (9, 10),
that, in turn, induce bone formation via
osteoblastic mediators released during
bone degradation. RANKL interaction
with its receptor, RANK, expressed by
the osteoclast is inhibited by the decoy
receptor OPG (11, 12) and, thus, the
RANKL/OPG ratio exerts relevant in-
fluence on bone resorption processes.
The activity of osteoblasts and osteo-
clasts may be influences by an array

of factors including, several hormones,
such as parathyroid hormone, 1,25-di-
hydroxyvitamin D3, sex hormones
and calcitonin (13, 14), as well as
mechanical factors (15), nitric oxide,
prostaglandins, growth factors and cy-
tokines (16-18) and others. Among the
mediators of immune response, the
pro-inflammatory cytokines tumour ne-
crosis factor-a (TNF-a), interleukinlf3
(IL-1p), and Interleukin 17 (IL-17) ap-
pear crucial for the regulation of bone
resorption.

In fact, IL-1 released in response to
TNF-a, a proinflammatory/proapop-
totic macrophagic cytokine (19, 20),
induces, in turn, the expression of
RANKL in the bone tissue, leading to
increased osteoclastogenesis and con-
sistent bone resorption (21, 22). IL-17,
a member of the pro-inflammatory fam-
ily of cytokines produced by a subset
of T helper cells (23-25), is abundantly
expressed in the synovial membrane of
rheumatoid arthritis patients, where it
induces the synthesis of matrix-degrad-
ing enzymes, such as matrix metallopro-
teinases (MMPs), which contribute to
destruction of cartilage and bone tissue
during inflammatory processes (26-30).
Moreover, a number of recent studies
enlighten the role of IL-17 in the patho-
genesis of psoriasis and psoriasis arthri-
tis (31). Tumour necrosis factor-related
apoptosis-inducing ligand (TRAIL),
a proapoptotic cytokine belonging to
the TNF superfamily, is known to in-
duce apoptosis of tumour and normal
cells (32-34). It binds to death domain
receptors which mediate its potent ap-
optotic effect, DR4 and DRS, as well as
to a soluble decoy receptor, osteopro-
tegerin, involved in regulation of bone
tissue formation (35-38).

Considered involvement of pro-inflam-
matory cytokines in bone resorption
associated with psoriasis (24, 27, 39-
45) and the relative lack of knowledge
on their role in bone formation. the
reciprocal role of TNF-a, IL-17 and
TRAIL in mechanisms leading to pso-
riatic arthritis, it appears of interest to
study the effects of these molecules in
modulating bone formation. With the
aim to identify and characterise poten-
tial molecular targets for neutralisation
of detrimental effects exerted by these
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proinflammatory cytokines upon osteo-
blasts, their effects and relative under-
lying mechanisms have been studied in
a human osteoblastic cell line in vitro.

Materials and methods

Reagents

All buffers, media, and reagents of
tissue culture were purchased from
EuroClone S.p.A. (Milan, Italy). Re-
combinant human IL-17A, IL-17F, and
TNF-a were from PeproTech (Rocky
Hill, NJ, USA). Recombinant human
TRAIL was purchased from Enzo Life
Sciences, Inc. (Farmingdale, NY, USA).
ELISA kits were from Diaclone SAS
(Besancon, France) for IL-6 and Bio-
medica Medizinprodukte GmbH& KG
(Vienna, Austria) for RANKL and OPG.

Cell culture and IL-17, TNF-a

and TRAIL treatments

Human SAOS-2 osteoblastic cells
(OBS) were obtained from American
Type Culture Collection (Manassas, VA)
and cultured in Dulbecco’s modified Ea-
gle’s medium (DMEM) supplemented
with 2mM L-glutamine, 100 U/mL pen-
icillin/streptomycin, 10% fetal bovine
serum (FBS), and kept at 37°C in hu-
midified 5% CO,/95% O, atmosphere.
For cytokine treatments with IL-17,
TNF-o and TRAIL OBS were seeded
onto 10 cm dishes and grown to conflu-
ence in DMEM/10% FBS. Following
attachment, cells were washed twice in
phosphate-buffered saline (PBS), incu-
bated in DMEM/0.3% FBS overnight,
and stimulated with the different cy-
tokines and combinations for 72 h and/
or TNF-a (2 ng/ml) for 2,24 or 48 h.

Cell viability analysis
Cell viability was determined by
3-[4,5 dimethylthiazol-2-yl]-2,5-diphe-
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nyltetrazolium bromide assay. Briefly,
OBS were plated on 96-well cultured
plates at a density of 5x10° cells per well
and incubated for 72 h in DMEM 0.3%
FBS with IL-17A, IL-17F, or TRAIL at
50, 100 and 200 ng/ml for dose-response
studies and with IL-17A (200 ng/ml),
IL-17F (200 ng/ml), TNF-a (2 ng/ml)
and/or TRAIL (100 ng/ml) for combina-
tion studies. At the end of the treatment
period, cell viability was measured by
the reduction of 3-[4,5 dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide
solution (0.5 mg/mL) (Sigma, St. Louis,
MO, USA). After additional 3 h incuba-
tion at 37°C, this solution was removed,
and produced blue formazan crystals
were solubilised in dimethyl sulfoxide.
The optical density of the formed blue
formazan was measured at 545 nm (ref.
630 nm). All tests were performed in
triplicate, at least twice.

RNA isolation, RT-PCR

and quantitative real-time PCR

Total RNA was isolated using the
RNeasy kit (Qiagen) with on-column
DNase digestion to eliminate DNA
contamination according to the manu-
facturer’s instructions. Concentration
was determined by spectrophotometry
while purity and integrity of total RNA
were monitored by electrophoretic
analysis on denaturing agarose gel.
Single-stranded cDNA was synthesised
using RETROscript kit (Ambion, Life
Technologies) and random hexamer
primers following the manufacturer’s
recommendations.

Basal expression of the different recep-
tors for IL-17 and TRAIL was asserted
by RT-PCR and products visualised
by electrophoresis on agarose gel. Se-
quences of primers, reported in Table
I, were designed to span introns so that

signal from genomic DNA could be
distinguished from cDNA. Amplifica-
tion conditions were determined for
each pair of primers.

Quantitative real-time PCR was per-
formed in the Rotor- Gene Q (Qiagen)
using QuantiNova SYBR green PCR
kit (Qiagen) according to the manufac-
turer’s protocol. PCR reactions con-
sisted of an initial denaturation at 95°C
for 10 min, followed by 40 cycles at
95°C for 30 s and 72°C for 60s and a
final elongation step at 72°C for 10 min.
Sequences of primers were designed to
span introns and are given in Table II.
All measurements were performed in
triplicate and the comparative Ct meth-
od was used to calculate relative mRNA
expression. Ct values of both the cali-
brator and the samples of interest were
normalised to glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH). The
comparative Ct method is also known
as the 224¢ method, where, AACt =
ACt e = ACtgrence- ACT, sample is
the Ct value for the samples normalised
to the endogenous housekeeping gene,
and ACt ... is the Ct value for the
calibrator, also normalised to the en-
dogenous housekeeping gene.

Protein extraction

Cells were harvested in a lysis buffer
containing 150 mM NaCl, 50 mM
Tris—HCI [pH 7.5], 5 mM ethylenedi-
aminetetraacetic acid (EDTA), 1 mM
Na,VO,, 30 mM Na pyrophosphate,
50 mM NaF, 1 mM acid phenyl-me-
thyl-sulfonyl-fluoride, 5 ug/ml apro-
tinin, 2 pg/ml leupeptin, 1 pg/ml pep-
statin, 10% glycerol and 0.2% Triton
x-100. The homogenates were then
centrifuged at 14,000 rpm for 10 min
at 4°C. For analysis of secreted pro-
teins the culture medium samples were

Table I. Primers used in RT-PCR experiments.

Gene GenBank Forward sequence Reverse sequence Amplicon
Accession number length
IL-17 NM_ 002190 AACGCTGATGGGAACGTGGA GCAGCCCACGGACACCAGTA 132 bp
IL-17RA NM_014339 CGCGGAAAAGAAAGCCTCAG GGCAGGTACTATTCTTGACCGT 250 bp
IL-17RC NM_153461 ACCAGAACCTCTGGCAAGC GAGCTGTTCACCTGAACACA 231 bp
DR4 NM_003844.3 CTACCTCCATGGGACAGCAC ATGAGATCCTGGTGGACACAAC 245 bp
DR5 NM_003842 .4 ACTCCTGCCTCTCCCTGTTC CAGGTCGTTGTGAGCTTCTGT 187 bp
DcR1 NM_003841.3 GACAAGTGACCACGCCTTTTC GTCCCCAGAGTTCCCTAACG 190 bp
DcR2 NM_003840.4 GCACAAACTACGGGGACGA GGGATGGTGGCAGAGTCAAC 241 bp
TRAIL NM_003810.3 TCCCCTAGTGAGAGAAAGAGGT GCCTTTTCATTCTTGGAGTTTGGA 105 bp
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Table II. Primers used in real-time PCR experiments.

Gene Accession number Forward sequence Reverse sequence

ALP NM_000478 .4 GGTCCAGGGATAAAGCAGGT AGTGTCTCTTGCGCTTGGTCT

Col NM_000088.3 AGGGCTCCAACGAGATCGAGATCCG TCAGGAAGCAGACAGGGCCAACGTCG
COX2 NM_000963 CCCATGTCAAAACCGAGGTG CCGGTGTTGAGCAGTTTTCTC

CXCLI NM_001511.3 AGGCAGGGGAATGTATGTGC AAGCCCCTTTGTTCTAAGCCA

GADPH NM_002046 GAAAGCCTGCCGGTGACTAA GCCCAATACGACCAAATCAGAGA

IL-6 NM_000600.3 TTCGGTACATCCTCGACGGC TCTGCCAGTGCCTCTTTGCT

MMP13 NM_002427.3 CAAGATGCGGGGTTCCTGAT TCGCCATGCTCCTTAATTCCA

OPG NM_002546.3 GCTCACAAGAACAGACTTTCCAG CTGTTTTCACAGAGGTCAATATCTT
RANKL NM_003701.3 TCAGCCTTTTGCTCATCTCACTAT CCACCCCCGATCATGGT

transferred to Amicon Ultra-15 cen-
trifugal filter devices- 10,000NMWL
(Millipore) and centrifuged at 4,000g
for 10 min at room temperature. The
protein concentration was determined
by the Bradford method (46).

Western blot analysis

Cellular protein (30 pg) was mixed with
an equal volume of sodium dodecyl sul-
fate (SDS) loading buffer [20% glyc-
erol, 100 mM Tris-HCI1 (pH 6.8), 200
mM dithiothreitol, 4% SDS, and 0.1%
bromophenol blue], boiled for 5 min,
and separated by electrophoresis in ei-
ther 10% or 12% SDS-polyacrylamide
gels (Bolt® Gels and Mini Gel Tank;
Life Technologies, Monza, Italy), and
the separated proteins were transferred
to nitrocellulose (iBlot® Gel Transfer
Device; Life Technologies). The mem-
branes were blocked 60min at room
temperature with 5% nonfat dry milk
(EuroClone) in phosphate buffered sa-
line Tween-20 and then incubated at 4°C
overnight with the following primary
antibodies: rabbit polyclonal anti-Alka-
line Phosphatase (Abcam, Cambridge,
UK), rabbit polyclonal anti-DcR1
(ProSci Inc., Poway, CA, USA), rabbit
polyclonal anti-DcR2 (Abcam), rabbit
polyclonal anti-DR4 (ProSci Inc.), rab-
bit polyclonal anti-DR5 (Abcam), rab-
bit polyclonal anti-IL-1f3 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA),
rabbit polyclonal anti-IL-6 (Abcam),
rabbit polyclonal anti-IL-17A (Pep-
roTech), mouse monoclonal anti-IL-
17RA (Novus Biologicals, Cambridge,
UK), rabbit polyclonal anti-IL-17RC
(Novus Biologicals), rabbit polyclonal
anti-osteoprotegerin (Abcam), mouse
monoclonal anti-RANKL (Novus Bio-
logicals), rabbit polyclonal anti-TRAIL
(Abcam). A mouse monoclonal anti-
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o-Tubulin antibody (Novus Biologi-
cals) was used as an internal control
to validate the right amount of protein
loaded in the gels. The membranes
were following incubated for 60 min at
room temperature with the correspond-
ing secondary antibody: horseradish
peroxidase-conjugated anti-mouse or
anti-rabbit IgG (GE Healthcare Life
Sciences, Pittsburgh, PA, USA). Detec-
tion was performed by means of chemi-
luminescence assay (Merck Millipore,
Darmstadt, Germany).

ELISA

IL-6, RANKL and OPG Ilevels in the
culture supernatant were evaluated by
using specific enzyme-linked immuno-
sorbent assay (ELISA) kit, according
to the manufacturer’s instructions.

Statistical analysis

Experiments were carried out in tripli-
cate. Data were analysed by the one-way
analysis of variance (ANOVA), and then
the least significance Duncan’s test was
applied. Vertical bars are means + SEM
of at least three different experiments;
significance was set at a p-value <0.05.

Results

Presence of IL-17, TRAIL

and their receptors in Saos-2 cells
First experiments were performed to
verify whether Saos-2 cells expressed
IL-17 and TRAIL, as well as their re-
spective receptors. RT-PCR analysis
showed that IL-17A, IL-17RA and IL-
17RC mRNAs are expressed in Saos-
2 osteoblastic cells, as well as TRAIL
and decoy receptors DcR1 and DcR2,
and its death receptors DR4 and DRS
(Fig. 1). Moreover, expression of cor-
responding proteins was evaluated by
Western blot analysis. The expression

of the respective proteins was analysed
in cells cultured for 3 and 7 days con-
firming the presence of the specific pro-
tein, which was not modified by the cel-
lular density of the culture (Fig. 2A-B).

Effects of IL-17 and/or cytokines

on viability of Saos-2 cells

On the basis of published studies on
cooperation between IL-17 and low
concentration of TNF-a. (47, 48), in all
studies treatments of Saos-2 cells were
performed with the following concen-
trations, 200 ng/ml for IL-17A or IL-17F
and 2 ng/ml TNF-a.To assess potential
effects of IL-17 and/or TNF-a on Saos-
2 cell viability, the cells were incubated
for 72 h with IL-17A, IL-17F and/or
TNF-a in DMEM 0.3% FBS. MTT cell
viability assay showed that IL-17 alone
or in combination with TNF-o had no
effect on cell viability, nor it induced
cell death (Fig. 3A).

In addition, in order to evaluate the
effects of IL-17 in combination with
TRAIL, another important cytokine
belonging to the TNF superfamily, we
incubated Saos-2 cells for 72 h with IL-
17A, IL-17F and/or TRAIL in DMEM
0.3% FBS. MTT cell viability assay re-
vealed that TRAIL has a toxic effect on
Saos-2 cells as it reduces their viability,
but the association with IL-17 has no
additive toxic effect (Fig. 3B). In addi-
tion, treatment with different concentra-
tions of the single substances confirmed
that only TRAIL had a toxic effect on
Saos-2 cell viability detectable already
at 50 ng/ml while IL17-A and F had no
effect (Fig. 3C).

Effects of IL-17 and/or TNF-a

on IL-17RA, IL-17RC, DR4

and DRS5 receptors expression

Since level of receptors are critical for
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cytokines activity regulation, we tested
whether IL-17 and /or TNF-a. treatment
affected the levels of IL-17RA,IL-17RC,
DR4 and DR5 expression. Densitometry
data of Western blot analysis indicated
that when Saos-2 cells were treated for
48 h with IL-17A and/or TNF-a the
protein expression of IL-17RA did not
change compared with untreated control
(Fig. 4A), while level of IL-17RC slight-
ly decreased upon TNF-o treatment
alone or in combination. On the other
hand, the same treatments resulted in an
increased protein expression of TRAIL
death receptors, DR4 and DRS respect to
untreated cells (Fig. 4B).

IL-17 synergises with TNF-a

to induce IL-6 secretion

As observed in other cell types (30, 49-
51), we found that IL-17 induced the
production of IL-6 in Saos-2 cells in a
time-dependent manner following 2 and
24 h stimulation (Fig. 5). However, in
the presence of low serum levels (0.3%
FBS), IL-6 secretion was low, while
in contrast, IL-17 triggered higher lev-
els of IL-6 when cells were incubated
with high concentration (10%) of FBS
(data not shown). Thus, IL-17 alone is a
poor inducer of IL-6 secretion, although
it is likely that IL-17 can function co-
operatively with an unknown factor in
serum to stimulate IL-6 expression. Ac-
cordingly, all subsequent experiments
were performed following an overnight
pre-incubation in low serum containing
medium (0.3% FBS) to eliminate the ef-
fects of confounding factors in serum.
Although relatively high concentration
of IL-17 (200 ng/ml) was insufficient to
induce significant IL-6 secretion under
low serum conditions, results showed
that this concentration of IL-17 could
potently synergise with a suboptimal
dose of TNF-a (2 ng/ml) as demon-
strated by real-time PCR (Fig. 5A),
ELISA (Fig. 5B) and western blot (Fig.
5C). Moreover, experiments were per-
formed to evaluate whether treatment
with IL17 (200 ng/ml) and/or TNF-a. (2
ng/ml) could induce production of IL-
1 from osteoblastic cell. Evaluation by
bot Elisa and western blot on either cul-
ture medium and cell lysate after 24h
and 48h did not demonstrate any pro-
duction of IL-1f3 (data not shown).
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Fig. 1. mRNA expres-
sion of IL-17, TRAIL and

1. IL-17 their respective receptors
2. IL-17RA 5 sa0s2 cells analysed
3. IL-17RC by RT-PCR. Amplification
4. TRAIL products for IL-17, IL-
5. DcR1  j7RA, IL-17RC, TRAIL,
6. DCRZ  pcRI, DcR2, DR4 and
7. DR4 DRS, respectively lane 1
8. DRS

to 8, were analysed on 2%
agarose gel electrophoresis.
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Fig. 2. Basal protein expression of IL-17, TRAIL and their receptors in Saos-2 cells.

A: Western blot analysis of IL-17 and its receptors IL-17RA and IL-17RC in Saos-2 cells was exam-
ined at days 3 and 7 of culture, lanes 1 and 2, respectively.

B: Western blot analysis of TRAIL and its death receptors DR4 and DRS, and decoy receptors DcR1
and DcR2 in Saos-2 cells was examined at days 3 and 7 of culture, lanes 1 and 2, respectively.

Effects of IL-17 and/or TNF-a on

bone remodelling factors

To evaluate the effect of cytokines on
bone remodelling factors, we analysed
RANKL and OPG protein expression.
Saos-2 cells were treated with IL-17A

and/or TNF-a., and after 48 h proteins
secreted in the culture medium were
analysed by Western blot. Data showed
that IL-17 and TNF-a alone are able to
increase RANKL and OPG secretion,
and their association resulted in an ad-
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Fig. 3. Effects of IL-17, TNF-a and TRAIL on Saos-2 cell viability.
A: Saos-2 cells after 72h treatment with IL-17A (200 ng/ml), IL-17F (200 ng/ml) and/or TNF-a

(2 ng/ml) in DMEM 0.3% FBS.

B: Saos-2 cells after 72h treatment with IL-17A (200 ng/ml), IL-17F (200 ng/ml) and/or TRAIL

(100 ng/ml) in DMEM 0.3% FBS.

C: Saos-2 cells after 72h treatment with IL-17A, IL-17F or TRAIL at 50, 100 or 200 ng/ml in DMEM
0.3% FBS Results were analysed by the one-way ANOVA, followed by the Fisher’s Least Significant
Difference test. Significance was set at a p<0.05. Vertical bars are means + SEM.

ditive effect on the release of osteoclast
markers (Fig. 6A). Accordingly, we
found that IL-17 and TNF-a increased
intracellular levels of RANKL, and
the association augmented their ef-
fects (Fig. 6B). To evaluate the results
observed by Western blot analysis on
secreted RANKL and OPG we per-
formed enzyme-linked immunosorb-
ent assay (ELISA). Saos-2 cells were
treated with IL-17A and/or TNF-a,
and after 24 and 48 h we measured the
total amount of RANKL (Fig. 6C, (a))
and OPG (Fig. 6C, (b)) secreted into
the culture medium. Results reported
an enhanced secretion of RANKL and
OPG after 48 h treatment.
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The relative mRNA expression level
of bone remodelling markers ALP,
RANKL and OPG were analysed by
real-time PCR (Fig. 7) after incuba-
tion of the cells with IL-17A and/or
TNF-a for 2, 24 and 48 h. IL-17 treat-
ment alone did not induce change in
the ratio of ALP mRNA expression at
any time point, whereas TNF-a treat-
ment resulted in a progressive decrease
of the level of mRNA observed after
24 and 48 h of treatment (Fig. 7A). The
elevated threshold cycle (Ct), value in-
versely related to the initial amount of
target in sample, observed for RANKL
in untreated cells (data not shown) in-
dicated a limited basal mRNA expres-

sion of RANKL. The association of
IL-17 to TNF-a did not modify the ef-
fect induced by TNF-a alone. After 2 h
treatment with TNF-a and TNF-a. plus
IL-17 the mRNA level of RANKL was
lightly increased, respectively 1.3- and
1.5-fold the untreated level; however
after 24 and 48 h of treatment the ra-
tio of expression decreased from 0.8 to
0.5 for TNF-a alone, and from 0.9 to
0.4 for IL-17 plus TNF-a. The limited
increase in relative amount of RANKL
mRNA expression respect to untreated
level is detectable from 2 to 48 h after
IL-17 treatment (Fig. 7B) while it is de-
creasing for TNF-o and combination.
After 2 h treatment the relative level
of OPG mRNA expression remained
unchanged while after 24 h treatments
with TNF-a alone or combined with
IL-17 showed an increased relative
amount (Fig. 7C).

Effects of IL-17 and/or TNF-a.

on pro-inflammatory mediators

To assess the effect of IL-17 and/or
TNF-a on pro-inflammatory factors
we analysed the relative expression of
selected mRNA markers by means of
quantitative RT-PCR. Saos-2 cells were
treated with IL-17A (200 ng/ml) and/
or TNF-a (2 ng/ml), and mRNAs for
CXCL-1, CXCL-5, and cyclooxyge-
nase-2 (COX2) were analysed after 2
and 24 h (Fig. 8). Analysis of CXCL1
mRNA indicated that TNF-a treatment
strongly enhanced the relative expres-
sion rate, 8-fold the basal level, while
IL-17 presented a limited effect the
combination of the cytokines synergis-
tically potentiated the individual effect,
with an increased rate of 25-fold after 2
h treatment. The same effects, slightly
attenuated, were observed after 24 h
treatment (Fig. 8A). The results of the
analysis of CXCL5 mRNA showed a
more marked effect for TNF-a treat-
ment and combined treatment with
IL-17, respectively 20- and 50-fold in-
crease as compared to basal expression
level at 2 h treatment. The stimulatory
effect was observed in a lesser extend
after 24 h treatment (Fig. 8B). The lev-
el of expression of COX2 mRNA ap-
peared modulated by IL-17 treatment
after 2 h, the effect was enhanced by the
presence of TNF-a that alone showed
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Fig. 4. Expression of IL-17 and TRAIL respec-
tive receptors in Saos-2 cells after treatment
with IL-17 and /or TNF-a.

A: Western blot analysis of IL-17RA (upper
blot) and IL-17RC (middle blot) protein ex-
pression in Saos-2 cells after 48h treatment
with IL-17A (200 ng/ml) and/or TNF-a (2 ng/
ml); a-Tubulin (lower blot) was used as con-
trol.

B: Western blot analysis of TRAIL death recep-
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cytokines still showed a slightly in-
creased level of expression of COX2
(Fig. 80).
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The results presented herein demon-
strate that the pro-inflammatory cy-
tokines IL-17 and TNF-a can modu-
late the homeostasis of osteoblasts by
altering specific gene expression, the

tential consecutive stimulation of the
osteoclast activity and bone resorption.
It is well known that a coordinated
activation of the immune systems is
essential for the efficient suppression
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Fig. 6. Effects of IL-17 and/or TNF-0. on osteoclastic regulatory molecules.
A: Western blot analysis of RANKL (upper blot) and OPG (lower blot) protein amounts in Saos-2 culture medium after 48h treatment with IL-17 (200 ng/ml)

and/or TNF-a (2 ng/ml).

2

B: Western blot analysis of RANKL protein expression in Saos-2 total cell lysate after 48h treatment with IL-17 (200 ng/ml) and/or TNF-a (2 ng/ml).
C: ELISA of RANKL (a) and OPG (b) protein secretion in the culture medium of Saos-2 cells challenged with IL-17 (200 ng/ml) and/or TNF-a (2 ng/ml)

after 24h and 48h.

Vertical bars are means + SEM; *p<0.05 vs. no treatment (one-way ANOVA followed by the least significance Duncan’s test).

of pathogens. However, abnormal or
protracted immune activation under
specific pathological conditions, such
as autoimmune inflammation, leads to
tissue damage through activation of ef-
fector cells. Indeed in the autoimmune
diseases psoriatic arthritis and rheuma-
toid arthritis, an increased number of
osteoclasts have been observed in syn-
ovia together with a substantial infiltra-
tion of different cell types of the innate
and adaptive immune response (52, 53)
raising the challenging question of how
the abnormality of the immune system
induces the skeletal damage.

Pro-inflammatory cytokines modulate
bone remodelling by increasing differ-
entiation, maturation and bone resorp-
tion activity of osteoclasts and several
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studies provided evidence of their role
in the skeletal alterations of rheumatic
diseases such rheumatoid arthritis and
psoriasis (30). In particular, growing
evidences are supporting the prominent
involvement of IL-17 in the highly in-
tricate cytokine context associated to
these autoimmune diseases. Further-
more, it has been well documented that
IL-17 acts cooperatively, in an additive
and often synergistic mode, with other
cytokines such as TNF-a, IL-1f3, IFN-y
and IL-4. In inflammation conditions,
where TNF-a, IL-1f3, IFN-y and 1L-4
are commonly expressed, IL-17, which
secretion is limited by the presence of
infiltrating Th17 lymphocytes, may
represent a regulatory cytokine respon-
sible for a fine tuning of the inflamma-

tory response. In fact, IL-17 alone is
not a potent inducer of inflammatory
pathways and the mechanisms respon-
sible of synergy are not fully under-
stood. Interestingly, IL-17 and TNF-a
are known to interplay and drive com-
mon molecular pathways, indeed, their
cooperation has been described in mul-
tiple cells types, synoviocytes, chon-
drocytes, osteoblasts and myoblasts
(28, 54-56). On the other hand, consid-
ering the regulatory effect of the pro-
inflammatory cytokine TRAIL on bone
metabolism through its interaction with
OPG, its relationship with TNF-a and
its well-recognis ed important role in
the regulation of immune responses
in various autoimmune-mediated pa-
thologies included psoriasis (39-40),

Clinical and Experimental Rheumatology 2018
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it appeared interesting to access the ef-
fect of combination between IL-17 and
TRAIL.

In addition to the well-acknowledged
pivotal role of IL-17 in pathogenesis of
bone-destructive diseases, it has been
suggested that IL-17 may be involved
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as well in the regulation of bone for-
mation. This dual role has been demon-
strated in studies on human mesenchy-
mal stem cells showing that, in addi-
tion to support osteoclastogenesis, IL-
17 stimulates the proliferation and the
osteoblastic differentiation (57, 58).

In addition, osteoblast maturation in-
duced by the isoform IL-17 F has been
observed in mice during early phase of
bone repair (59). Contrasting results
were however observed in studies on
osteogenesis in rats both in vitro and in
vivo suggesting a species or cell type-
specific role of IL-17 in bone formation
(60). On the basis of these, still limited,
observations on osteoblastogenesis, we
were interested in studying the effect of
IL-17 on the human osteosarcoma cell
line Saos-2, presenting osteoblastic
cell characteristics, to access direct ef-
fect on osteoblastic cells and potential
indirect effect on osteoclastogenesis.
We showed that both IL-17A and IL-
17F treatment did not induce prolifera-
tion or apoptosis of Saos-2 cells and
did not influence the effect of associ-
ated cytokine (TNF-o or TRAIL) in-
dicating no direct effect on osteoblast
cell viability. Analysis of the effect of
IL-17 and/or TNF-a treatment on the
expression of receptors showed a lim-
ited effect on the expression of IL-17
RC receptor and TRAIL death recep-
tors likely not reflecting a physiologi-
cal change.

The RANK/RANKL/OPG system
plays a pivotal regulatory role for bone
turnover. Osteoblasts express RANKL
on the cell surface, which binds its
counter-receptor RANK on osteoclast
precursors triggering their maturation.
On the other hand, OPG is a soluble de-
coy receptor, which prevents signalling
from RANK, thus antagonising the bi-
ological effects. The balance between
OPG and RANKL regulates the degree
of osteoclastogenesis and, thus, bone
destruction. In relation to bone altera-
tion situation, several experimental and
clinical reports have implicated IL-17
in the regulation of OPG and RANKL
expression from various cell types,
such as human periodontal ligament
cells (61), in osteoblasts (62), neutro-
phils (63) and synovia circumstantial
cells (64). Our results demonstrate that
in our model of osteoblastic cells, IL-
17 and TNF-a only slightly modulate
the expression of the main factors, ALP,
RANKL and OPG, involved in osteo-
clastogenesis and osteoclast activity,
with an eventually additive effect. The
increase in RANKL expression corre-
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spond to a rapid reaction to treatment
while the OPG response seems to be a
secondary event. Nevertheless, IL-17
and/or TNF-a efficiently stimulated
the secretion of the pro-inflammatory
cytokine IL-6 and TNF-o at sub-opti-
mal concentration exerted a synergistic
effect in Saos-2 cells.

In this study we also showed that IL-
17 induces the expression of COX2, an
immediate-early response gene mainly
induced at sites of inflammation in re-
sponse to inflammatory stimuli (65).
Interestingly COX2 is an inducible
enzyme, involved in the production of
prostaglandin E2 (PGE2), and previ-
ous reports have suggested that PGE2
might be involved in bone pathogen-
esis via autocrine mechanism on mu-
rine osteoblastic MC3T3-Elcells (66,
67) and on differentiation of osteoclast
precursors cells RAW264.7 (68).
Finally our data showed that IL-17
and TNF-a synergistically up-regulate
mRNA expression of two chemokines,
CXCL1 (or keratinocyte-derived
chemokine) and CXCL5 (or LPS-
induced CXC chemokine). These two
chemokines have been demonstrated
to be very potent neutrophil attract-
ant (69) and inappropriate or exces-
sive activation of neutrophils results in
host tissue damage. For example, neu-
trophils contribute to lung tissue de-
struction in different pathologies such
as acute asthma, chronic pulmonary
disease, and during chronic infection
with Mycobacterium tuberculosis. It is
interesting that previous studies have
shown that IL-17 cooperates with in-
nate cytokines such as TNF-a to induce
the synthesis of factors involved in
neutrophil chemotaxis (24). The syner-
gistic effect IL-17A and TNF-a on as-
trocytes resulted in enhanced secretion
of CXCL-1 leading to the inflamma-
tion tissue damage in cerebral ischemia
(70). Finally, Ruddy (71) demonstrated
that IL-17 and TNF-a cooperatively in-
duce CXCLS in the pre-osteoblast cell
line MC3T3. Our results corroborate
the previous observations and suggest
that synergistic expression of the two
chemokines CXCL1 and CXCLS5 trig-
gered by IL-17 and TNF-a in osteo-
blasts may represent a mechanism for
neutrophil recruitment in inflammatory
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tissue contributing to the deleterious
effects observed in bone disease.
Further investigation on the mechanism
by which IL-17 provides a redundant
inflammatory response, particularly for
neutrophils recruitment, may highlight
new molecular targets for innovative
treatment of bone pathologies associ-
ated with immunological diseases such
as psoriatic arthritis.

Acknowledgements

LiSa laboratories are a Joint-Venture
between 1. Eli Lilly Firenze; 2. Sapi-
enza University of Rome, Department
of Experimental Medicine, Section of
Medical Pathophysiology, Endocrinol-
ogy and Nutrition, and 3. the Hospital
of the University of Catania Medical
School.

The work was supported by PON
01_00829 to A. Lenzi.

References

1. RHO J, TAKAMI M, CHOI Y: Osteoimmunol-
ogy: interactions of the immune and skeletal
systems. Mol Cells 2004; 17: 1-9.

2. NESTLE FO, KAPLAN DH, BARKER J: Psoria-
sis. N Engl J Med 2009; 361: 496-509.

3. HELMICK CG, LEE-HAN H, HIRSCH SC,
BAIRD TL, BARTLETT CL: Prevalence of pso-
riasis among adults in the U.S.: 2003-2006
and 2009-2010 National Health and Nutri-
tion Examination Surveys. Am J Prev Med
2014; 47: 37-45.

4. PARISI R, SYMMONS DP, GRIFFITHS CE,
ASHCROFT DM: Global epidemiology of
psoriasis: a systematic review of incidence
and prevalence. J Invest Dermatol 2013;
133: 377-85

5. GLADMAN DD, ANTONI C, MEASE P, NASH,
P: Psoriatic arthritis: epidemiology, clinical
features, course, and outcome. Ann Rheum
Dis 2005; 64: 14-7.

6. ZACHARIAE H: Prevalence of joint disease
in patients with psoriasis: implications for
therapy. Am J Clin Dermatol 2003; 4: 441-47.

7. CHIMENTI MS, BALLANTI E, PERRICONE

C, CIPRIANI P, GTIACOMELLI R, PERRICONE

R: Immunomodulation in psoriatic arthritis:

focus on cellular and molecular pathways.

Autoimmun Rev 2015; 12: 599-606.

. UYEMURA K, YAMAMURA M, FIVENSON
DF et al.: The cytokine network in lesional
and lesion-free psoriatic skin is characterized
by a T-helper type 1 cell-mediated response.
J Invest Dermatol 1993; 101: 701-5.

9. TAKAHASHI N, AKATSU T, UDAGAWA N et
al.: Osteoblastic cells are involved in os-
teoclast formation. Endocrinology 1988; 23:
2600-2.

10. TANAKA S, TAKAHASHI N, UDAGAWA N et
al.: Macrophage colony-stimulating factor is
indispensable for both proliferation and dif-
ferentiation of osteoclast progenitors. J Clin
Invest 1993; 91: 257-63.

oo

11. LACEY DL, TIMMS E, TAN HL et al.
Osteoprotegerin ligand is a cytokine that
regulates osteoclast differentiation and acti-
vation. Cell 199; 93: 165-76.

12. SIMONET WS, LACEY DL, DUNSTAN CR et
al.: Osteoprotegerin: a novel secreted protein
involved in the regulation of bone density.
Cell 1997; 89: 309-19.

13. BASSETT JH, WILLIAMS GR: Role of thyroid
hormones in skeletal development and bone
maintenance. Endocr Rev 2016; 37: 135-87.

14. TURNER AG, HANRATH MA, MORRIS HA, AT-
KINS GJ, ANDERSON PH: The local produc-
tion of 1,25(OH)2D3 promotes osteoblast
and osteocyte maturation. J Steroid Biochem
Mol Biol 2014; 144: 114-8.

15. THOMPSON WR, RUBIN CT, RUBIN 1I:
Mechanical regulation of signaling pathways
in bone. Gene 2012; 503: 179-93.

16. TAKAYANAGI H: Osteoimmunology and the
effects of the immune system on bone. Nat
Rev Rheumatol 2009; 5: 667-76.

17. NAKASHIMA T, TAKAYANAGI H: The dynam-
ic interplay between osteoclasts and the im-
mune system. Arch Biochem Biophys 2008;
473:166-7112.

18. JONES D, GLIMCHER LH, ALIPRANTIS AO:
Osteoimmunology at the nexus of arthritis,
osteoporosis, cancer, and infection. J Clin
Invest 2011; 121: 2534-42.

19. BUCHAN G1, BARRETT K, TURNER M,
CHANTRY D, MAINI RN, FELDMANN M:
Interleukin-1 and tumour necrosis factor
mRNA expression in rheumatoid arthritis:
prolonged production of IL-1 alpha. Clin Exp
Immunol 1988; 73: 449-55.

20. POLZER K, JOOSTEN L, GASSER J et al.
Interleukin-1 is essential for systemic inflam-
matory bone loss. Ann Rheum Dis 2010; 69:
284-90.

21. HERMAN S, GERHARD, KRONKE G, SCHETT
G: Molecular mechanisms of inflammatory
bone damage: emerging targets for therapy.
Trends Molec Medicine 2008; 14: 246-53.

22. ONAL M, GALLI C, FU Q, XIONG J, WEIN-
STEIN RS, MANOLAGAS SC, O’BRIEN CA:
The RANKL distal control region is required
for the increase in RANKL expression, but
not the bone loss, associated with hyperpar-
athyroidism or lactation in adult mice. Mo-
lecular Endocrinology 2012; 26: 341-48.

23.GU C, WU L, LI X: IL-17 family: cytokines,
receptors and signaling. Cytokine 2013; 64:
477-85.

24. MOSELEY TA, HAUDENSCHILD DR, ROSE L,
REDDI AH: Interleukin-17 family and IL-17
receptors. Cytokine Growth Factor Rev 2003;
14: 155-74.

25. BRAUN T, SCHETT G: Pathways for bone loss
in inflammatory disease. Curr Osteoporos
Rep 2012; 10: 101-8.

26. GAFFEN SL: Biology of recently discovered
cytokines: interleukin-17-a unique inflamma-
tory cytokine with roles in bone biology and
arthritis. Arthritis Res Ther 2004; 6: 240-7.

27. MEASE PIJ: Inhibition of interleukin-17, inter-
leukin-23 and the TH17 cell pathway in the
treatment of psoriatic arthritis and psoriasis.
Curr Opin Rheumatol 2015; 27: 127-33.

28. MIOSSEC P: Interleukin-17 in rheumatoid
arthritis: if T cells were to contribute to in-
flammation and destruction through synergy.
Arthritis Rheum 2003; 48: 594-601.

Clinical and Experimental Rheumatology 2018



29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

LUBBERTS, E, VAN DEN BERSSELAAR L,
OPPERS-WALGREEN B et al.: IL-17 promotes
bone erosion in murine collagen-induced ar-
thritis through loss of the receptor activator
of NF-kappa B ligand/osteoprotegerin bal-
ance. J Immunol 2003; 170: 2655-62.

VAN BEZOOIJEN RL, FARIH-SIPS HC, PAPA-
POULOS SE, LOWIK CW: Interleukin-17: A
new bone acting cytokine in vitro. J Bone
Miner Res 1999; 14: 1513-21.

SUZUKI E, MELLINS ED, GERSHWIN ME,
NESTLE FO, ADAMOPOULOS IE: The IL-23/
IL-17 Axis in Psoriasis arthritis. Autoimmun
Rev 2014; 13: 496-502.

BAKER SJ, REDDY EP: Transducers of life
and death: TNF receptor superfamily and as-
sociated proteins. Oncogene 1996; 12: 1-9.
TAKEDA K, SMYTH M J, CRETNEY E et al.:
Critical role for tumor necrosis factor-related
apoptosis-inducing ligand in immune sur-
veillance against tumor development. J Exp
Med 2002; 195: 161-9.

CRETNEY E, TAKEDA K, YAGITA H, GLAC-
CUM M, PESCHON JJ, SMYTH MI: Increased
susceptibility to tumor initiation and me-
tastasis in TNF-related apoptosis-inducing
ligand-deficient mice. J Immunol 200; 2168:
1356-61.

EMERY JG, MCDONNELL P, BURKEMB et al.:
Osteoprotegerin is a receptor for the cyto-
toxic ligand TRAIL. J Biol Chem 1998; 273:
14363-67.

SHIPMAN CM, CROUCHER PI: Osteoprote-
gerin is a soluble decoy receptor for tumor
necrosis factor-related apoptosis-inducing
ligand/Apo2 ligand and can function as a
paracrine survival factor for human myeloma
cells. Cancer Res 2003; 63: 912-16.
VITOVSKI S, PHILLIPS JS, SAYERS 1,
CROUCHER PI: Investigating the Interaction
between Osteoprotegerin and Receptor Acti-
vator of NF-KB or Tumor Necrosis Factor-
related Apoptosis-inducing Ligand. J Biol
Chem 2007; 282: 31601-9.

ZAULI G, RIMONDI E, NICOLIN V, MEL-
LONI E, CELEGHINI C, SECCHIERO P: TNF-
related apoptosis-inducing ligand (TRAIL)
blocks osteoclastic differentiation induced
by RANKL plus M-CSF. Blood 2004; 104:
2044-50.

PETERNELS, PRPIC-MASSARI L, MANESTAR-
BLAZIC T, BRAJAC I, KASTELAN M: In-
creased expression of TRAIL and its death
receptors DR4 and DRS5 in plaque psoriasis.
Arch Dermatol Res 1999; 303: 389-97.
CALDAROLA G, CARBONE A, ARENA V et
al.: Tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL): a possible patho-
genic role in chronic plaque psoriasis. G Ital
Dermatol Venereol 2016; 151: 17-24.
HOFBAUER LC, SCHOPPET M, CHRIST M,
TEICHMANN J, LANGE U: Tumor necrosis
factor-related apoptosis-inducing ligand and
osteoprotegerin serum levels in psoriatic
arthritis. Rheumatology (Oxford) 2006; 45:
1218-22.

KOENDERS MI, LUBBERTS E, OPPERS-WAL-
GREEN B et al.: Blocking of interleukin-17
during reactivation of experimental arthritis
prevents joint inflammation and bone erosion
by decreasing RANKL and interleukin-1. Am
J Pathol 2005; 167: 141-9.

ELYOUSSFI S, THOMAS BJ, CIURTIN C:

Clinical and Experimental Rheumatology 2018

Redundant effects of proinflammatory cytokines on osteoblasts / G. Di Benedetto et al.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Tailored treatment options for patients with
psoriatic arthritis and psoriasis: review of
established and new biologic and small mol-
ecule therapies. Rheumatol Int 2016; 36:
603-12.

MARINONI B, CERIBELLI A, MASSAROTTI
MS, SELMI C: The Th17 axis in psoriatic dis-
ease: pathogenetic and therapeutic implica-
tions. Auto Immun Highlights 2014; 5: 9-19.
ROSSINI M, VIAPIANA O, ADAMI S, IDOLAZ-
ZI L, FRACASSI E, GATTI D: Focal bone in-
volvement in inflammatory arthritis: the role
of IL17. Rheumatol Int 2016; 36: 469-82.
BRADFORD MM: A rapid and sensitive meth-
od for the quantitation of microgram quanti-
ties of protein utilizing the principle of protein
dye binding. Anal Biochem 1976; 72: 248-54.
JOVANOVIC DV, DI BATTISTA JA, MARTEL-
PELLETIER J et al.: IL-17 stimulates the pro-
duction and expression of proinflammatory
cytokines, IL-beta and TNF-alpha, by human
macrophages. J Immunol 1998; 160: 3513-
21.

SHALOM-BARAK TI1, QUACH J, LOTZ M:
Interleukin-17-induced gene expression in
articular chondrocytes is associated with ac-
tivation of mitogen-activated protein kinases
and NF-kappaB. J Biol Chem 1998; 273:
27467-73.

SHEN F,RUDDY MJ, PLAMONDON P, GAFFEN
SL: Cytokines link osteoblasts and inflamma-
tion: microarray analysis of interleukin-17-
and TNF-alpha-induced genes in bone cells.
J Leukoc Biol 2005; 77: 388-99.

RUDDY MJ, WONG GC, LIU XK et al.:
Functional cooperation between interleu-
kin-17 tumor necrosis factor-alpha is mediated
by CCAAT/enhancer-binding protein family
members. J Biol Chem 2004; 279: 2559-67.
YAO Z, FANSLOW WC, SELDIN MF et al.:
Herpesvirus Saimiri encodes a new cytokine,
IL-17, which binds to a novel cytokine re-
ceptor. Immunity 1995; 3: 811-21.
KRUITHOF E, BAETEN D, DE RYCKE L et al.:
Synovial histopathology of psoriatic arthri-
tis, both oligo- and polyarticular, resembles
spondyloarthropathy more than it does rheu-
matoid arthritis. Arthritis Res Ther 2005; 7:
R569-80.

KOO J,KIM S, JUNG WJ et al.: Increased lym-
phocyte infiltration in rheumatoid arthritis is
correlated with an increase in LTi-like cells
in synovial fluid. Immune Netw 2013; 13:
240-8.

LEGRAND A, FERMOR B, FINK C ef al.: Inter-
leukin-1, tumor necrosis factor o, and inter-
leukin-17 synergistically up-regulate nitric
oxide and prostaglandin E2 production in ex-
plants of human osteoarthritic knee menisci
Arthritis Rheum 2001; 44: 2078-83.
GRANET, C, MIOSSEC P: Combination of the
pro-inflammatory cytokines IL-1, TNF-a
and IL-17 leads to enhanced expression and
additional recruitment of AP-1 family mem-
bers, Egr-1 and NF-kB in osteoblast-like
cells. Cytokine 2004; 26: 169-77.

ANDOH A, FUJINO S, BAMBA S et al.: IL-17
selectively down-regulates TNF-a-induced
RANTES gene expression in human colon-
ic subepithelial myofibroblasts J Immunol
2002; 169: 1683-7.

HUANG H, KIM HJ, CHANG EJ et al.: IL-17
stimulates the proliferation and differentia-

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

tion of human mesenchymal stem cells: im-
plications for bone remodeling. Cell Death
Differ 2009; 16: 1332-43.

OSTA B, LAVOCAT F, ELJAAFARI A, MIOSSEC
P: Effects of interleukin-17A on osteogenic
differentiation of isolated human mesenchy-
mal stem cells. Front Immunol 2014 2; 5:
425.

NAM D, MAU E, WANG Y et al.: T-lympho-
cytes enable osteoblast maturation via IL-17F
during the early phase of fracture repair. B.
PLoS One 2012; 7: e40044.

KIM YG, PARK JW, LEE JM et al.: IL-17 in-
hibits osteoblast differentiation and bone re-
generation in rat. Arch Oral Biol 2014; 59:
897-905.

LIN D, LI L, SUN Y et al.: Interleukin-17
regulates the expressions of RANKL and
OPG in human periodontal ligament cells via
TRAF6/TBK1-JNK/NF-jB pathways. Immu-
nology 2014; 144: 472-85.

ZHANG F, WANG CL, KOYAMA Y et al.
Compressive force stimulates the gene ex-
pression of IL-17s and their receptors in
MC3T3-El cells. Connect Tissue Res 2010;
51:359-69.

MILANOVA V, IVANOVSKA N, DIMITROVA
P: TLR2 elicits IL-17-mediated RANKL
expression, IL-17, and OPG production in
neutrophils from arthritic mice. Mediators
Inflamm 2014; 2014: 643406.

LUBBERTS E, VAN DEN BERSSELAAR L,
OPPERS-WALGREEN B et al.: IL-17 promotes
bone erosion in murine collagen-induced ar-
thritis through loss of the receptor activator of
NF-kappa B ligand/osteoprotegerin balance.
J Immunol 2003; 170: 2655-62.

DUBOIS RN, ABRAMSON SB, CROFFORD L et
al.: Cyclooxygenase in biology and disease.
FASEB J 1998 Sep; 12: 1063-73.

ZHANG F, KOYAMA Y, SANUKI R et al.:
IL-17A stimulates the expression of inflam-
matory cytokines via celecoxib-blocked
prostaglandin in MC3T3-E1 cells. Arch Oral
Biol 2010; 55: 679-88.

ZHANG F, TANAKA H, KAWATOT et al.: Inter-
leukin-17A induces cathepsin K and MMP-9
expression in osteoclasts via celecoxib-
blocked prostaglandin E2 in osteoblasts.
Biochimie 2011; 93: 296-305.

KITAMI S, TANAKA H, KAWATO T et al.:
IL-17A suppresses the expression of bone
resorption-related proteinases and osteoclast
differentiation via IL-17RA or IL-17RC re-
ceptors in RAW264.7 cells. Biochimie 2010;
92:398-404.

LOMBARD R, DOZ E, CARRERAS F et al.:
IL-17RA in non-hematopoietic cells controls
CXCL-1 and 5 critical to recruit neutrophils
to the lung of mycobacteria-infected mice
during the adaptive immune response. PLoS
One 2016; 11: e0149455.

GELDERBLOM M, WEYMAR A, BERN-
REUTHER C et al.: Neutralization of the IL-17
axis diminishes neutrophil invasion and pro-
tects from ischemic stroke. Blood 2012; 120:
3793-802.

RUDDY MIJ, SHEN F, SMITH JB, SHARMA A,
GAFFEN SL: Interleukin-17 regulates expres-
sion of the CXC chemokine LIX/CXCLS in
osteoblasts: Implications for inflammation
and neutrophil recruitment. J Leukocyte Biol
2004; 76: 135-44.

969



