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Abstract

Purpose

Osteoarthritis (OA) is a common and heterogeneous arthritic disorder. Patients suffer pain
and their joints are characterized by articular cartilage loss and osteophyte formation. Risk
factors for OA include age and obesity with inflammation identified as a key mediator of dis-
ease pathogenesis. Interleukin-17A (IL-17) is a pro-inflammatory cytokine that has been
implicated in inflammatory diseases such as rheumatoid arthritis. IL-17 can upregulate
expression of inflammatory cytokines and adipocytokines. The aim of this study was to eval-
uate IL-17 levels in the synovial fluid of patients with end-stage knee and hip OA in relation
to inflammation- and pain-related cytokines and adipocytokines in synovial fluid and serum,
and clinical and radiographic disease parameters.

Methods

This is a cross-sectional study of 152 patients undergoing total hip and knee arthroplasty for
OA. IL-17, IL-6, leptin, adiponectin, visfatin, resistin, C-C Motif Chemokine Ligand 2 (CCL2),
C-C Motif Chemokine Ligand 7 (CCL7) and nerve growth factor (NGF) protein levels were
measured in synovial fluid and serum using enzyme-linked immunosorbent assay (ELISA).
Baseline characteristics included age, sex, body mass index, co-morbidities, pain and func-
tion, and radiographic analyses (OA features, K&L grade, minimal joint space width).

Results

14 patients (9.2%) had detectable IL-17 in synovial fluid. These patients had significantly
higher median concentrations of IL-6, leptin, resistin, CCL7 and NGF. Osteophytes, sclero-
sis and minimum joint space width were significantly reduced in patients with detectable IL-
17 in synovial fluid. No differences were found in pain, function and comorbidities. IL-17 con-
centrations in synovial fluid and serum were moderately correlated (r = 0.482).
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Conclusion

The presence of IL-17 in the synovial fluid therefore identifies a substantial subset of primary
end-stage OA patients with distinct biological and clinical features. Stratification of patients
on the basis of IL-17 may identify those responsive to therapeutic targeting.

Introduction

Osteoarthritis (OA) is the most common of the arthritic diseases causing pain and disability
for sufferers. The disease is characterized by loss of articular cartilage and formation of osteo-
phytes with synovial inflammation (synovitis) present in a significant proportion of patients.
[1] Risk factors for this complex, multifactorial disease include female sex, age and obesity.
Long-regarded as a non-inflammatory, degenerative disease, recent research consistently iden-
tifies a role of inflammation in driving both OA initiation and progression.[1, 2] A further
shift in the OA disease paradigm is its consideration not as a single disease but instead as a
series of different joint disorders that converge upon the common characteristic of articular
cartilage loss in the absence of other pathology such as rheumatoid arthritis.

Individuals with OA show heterogeneity in clinical features including pain, speed of disease
progression, bony changes (osteophyte formation, sclerosis of subchondral bone), synovitis
and functional scores. This hinders prognostic, diagnostic and therapeutic advances, and treat-
ments are limited to analgesia and arthroplasty. Successful development and application of
interventions will rely upon a personalized medicine strategy enabled by disease stratification.
Given the complexity of OA it is unlikely that a single cytokine drives disease progression nor
identifies a disease subtype. Instead a cytokine network may act in concert in driving OA path-
ogenesis.[3] Studying serum or synovial fluid (SF) biomarkers alongside clinical and radio-
graphic characteristics is one strategy to improve resolution and stratification into targetable
OA phenotypes. Pro-inflammatory mediators such as interleukin-6 (IL-6) and tumour necro-
sis factor alpha (TNF) and adipocytokines such as leptin and resistin are detected in OA SF
and serum and have been shown to correlate with disease progression.[4-6] The synovium is
rich in immune cell populations and synovial fibroblasts and these are a potential source of
inflammatory cytokines in OA. Adipocytokines and inflammatory cytokines are also produced
by adipocytes and inflammatory cells, which are present in both joint-resident and systemic
adipose tissue.[6, 7] The presence of inflammatory cytokines and adipokines in OA SF is in
agreement with both inflammatory and metabolic or obesity-related risk factors as key drivers
of OA.

Interleukin-17 (IL-17) is a pro-inflammatory cytokine that is strongly implicated in autoim-
mune disorders including rheumatoid arthritis, psoriatic arthritis and ankylosing spondylitis.
Secreted by cells types including T-helper-17 (Th17), mast and myeloid cells, IL-17 promotes
production and release of pro-inflammatory cytokines including IL-6 from chondrocytes and
synovial fibroblasts.[8] IL-17 can also drive synovial fibroblast and inflammatory cell survival
and increases expression of the monocyte chemoattractants C-C Motif Chemokine Ligand 2
(CCL2) and C-C Motif Chemokine Ligand 7 (CCL7).[9] The interplay of IL-6 and IL-17 has
been suggested as crucial in the pathogenesis of chronic inflammatory diseases, with IL-6
inducing Th17 cell differentiation and thus IL-17 production independent of TNF and IL-1
[10, 11] In OA numerous studies have highlighted IL-6 as a biomarker that can drive cartilage
degradation however any interaction between IL-17 and IL-6 in OA has not been well studied.
[12, 13] IL-17 has also been shown to disrupt extracellular matrix (ECM) homeostasis both
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independently and via synergy with other pro-inflammatory cytokines[14, 15] or adipocyto-
kines[16]. Alongside cartilage loss and consequent joint space narrowing, a key feature of OA
is pain, and IL-17 has also been identified as a pain sensitizer in rodent models of arthritis.[17]

It is compelling that previous studies have shown that IL-17 can drive cartilage destruction,
bone remodeling and pain sensitization as well as increase the expression of inflammatory
cytokines and adipocytokines. However most studies of IL-17 have focused on autoimmune
diseases rather than OA. There is a particular paucity of work assessing IL-17 levels in relation
to OA-relevant cytokines, adipocytokines, and radiographic and clinical features. The aim of
this work was to measure IL-17 levels in OA patients with end-stage hip and knee disease and
assess its relationship with clinical and radiographic parameters of OA, and levels of adipo-
kines, pro-inflammatory cytokines and pain-associated cytokines.

Methods

This cross-sectional study was carried out at a large orthopaedic centre between January and
December 2010. Patients recruited underwent total hip arthroplasty (THA) or total knee
arthroplasty (TKA) following presentation with end-stage hip or knee OA. Patients with sec-
ondary OA due to trauma (known history of fracture or previous surgery) or known immune-
mediated arthritis were excluded. The study was approved by the institutional review board of
the Geneva University Hospitals and the patients’ written informed consent was obtained (N°
09-215; NAC 09-072).

Cytokine measurement

SF was collected during surgery via direct aspiration through the joint capsule immediately
after skin incision. Blood samples (5 ml) were obtained in the morning during the pre-opera-
tive examination. All SF and blood samples were immediately centrifuged, aliquoted and
stored at -80°C until use. Adipokines (leptin, resistin, adiponectin, visfatin) and cytokines (IL-
17, IL-6, nerve growth factor (NGF), CCL2, CCL7) were measured in SF and serum using
DuoSet enzyme-linked immunosorbent assay (ELISA, R&D Systems, Abingdon, UK). Mini-
mum detectable cytokine concentrations for these assays were measured to be 1 pg/ml for IL-
6, CCL7, NGF and IL-17, 31.2 pg/ml for leptin and resistin, 62.5 pg/ml for adiponectin and
15.6 pg/ml for CCL2. Both intra- and interassay coefficients of variation were < 10%. Visfatin
concentrations were measured using a Phoenix ELISA kit (Phoenix Pharmaceuticals, Inc.,
Burlingame, CA, USA) according to the manufacturer. The estimated minimum detectable
visfatin concentration was 2.2 ng/ml (interassay variation <15% and intraessay variation
<10%).

Clinical and radiographic parameters

Clinical parameters assessed preoperatively included age, sex, BMI, co-morbidities, smoking
status, medication use, duration of symptoms, pain and function using visual analogue scale
(VAS) and Western Ontario and McMaster Universities Arthritis Index (WOMAC) scores.
General health (SF-12 mental and physical component score) was also assessed. Preoperative
radiograph evaluation included OA features (osteophytes, sclerosis), Kellgren & Lawrence
(K&L) grade, and minimal joint space width (JSW).

Statistical analysis

Fisher’s exact test was used to compare categorical variables between those with and without
detectable IL-17 levels in SF. For continuous variables the independent samples median test
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was employed. Correlations between IL-17 and adipocytokines and cytokines in SF and serum
were evaluated using Spearman’s correlation coefficient. Assumption of normality was
checked by plotting frequency distributions and using the Kolmogorov-Smirnow test.

Results

152 patients were recruited to the study, 68 prior to THA and 84 prior to TKA. Mean age was

73 (£9) years, 64% were women.

In 138 patients no IL-17 was detected in the SF whilst 14 (9.6%) had detectable IL-17 (median
concentration 7.9 pg/ml), (Table 1, Fig 1). Patients with detectable IL-17 had significantly in-
creased IL-6 (568.5 pg/ml vs. 89.4 pg/ml, p = 0.005), leptin (20.5 ng/ml vs. 9.2 ng/ml, p = 0.025),
resistin (1.4 ng/ml vs. 0.7 ng/ml, p = 0.022), CCL7 (8.9 pg/ml vs. 0.4 pg/ml, p = 0.004), and NGF
(10.6 pg/ml vs. 0.3pg/ml, p = 0.023) SF concentrations. Adiponectin tended to be higher in the
IL-17 group (0.5 pg/ml vs. 0.3 pg/ml, p = 0.092). Following stratification of patients by hip or

knee OA both groups showed significantly increased IL-6 in those patients with detectable IL-17
(Fig 2). There was no significant difference in SF IL-17 or IL-6 concentration when hip and knee

patients with detectable IL-17 were compared.

Baseline and clinical characteristics and functional scores were not significantly different
between patients with and without detectable SF IL-17 (Table 2). However radiographic char-
acteristics were significantly altered (Table 3) with patients with detectable IL-17 having lower

minimum JSW (median 0.2mm, interquartile range (IQR) 0-0.9 vs. median 1.0mm, IQR

Table 1. Synovial fluid IL-17 levels in relation to synovial fluid and serum adipokines and cytokines.

Synovial fluid concentration, median, IQR n Synovial fluid IL-17 n
Yes
IL-17 (pg/ml) 14 7.9 (1.6; 20.6) 138
IL-6 (pg/ml) 14 568.5 (261.8; 1338.8) 138
Leptin (ng/ml) 14 20.5(11.2; 37.9) 138
Adiponectin (ug/ml) 14 0.5(0.3;1.1) 138
Visfatin (ng/ml) 14 8.3(4.5;13.7) 138
Resistin (ng/ml) 14 1.4(0.9; 3.9) 138
CCL2 (pg/ml) 14 335.5 (1583.3; 1095.3) 138
CCL7 (pg/ml) 14 8.9 (1.7;22.3) 138
NGF (pg/ml) 14 10.6 (1.1;21.2) 135
Serum concentration, median, IQR
IL-17 (pg/ml) 13 2.4 (0; 14.0) 115
IL-17 detectable in serum (%) 13 9/13 (69.2) 115
IL-6 (pg/ml) 14 52(1.1;11.4) 117
Leptin (ng/ml) 14 32.3(15.7; 57.4) 117
Adiponectin (ug/ml) 14 2.5(1.6;4.9) 117
Visfatin (ng/ml) 14 11.8(8.1; 16.2) 117
Resistin (ng/ml) 14 6.8 (2.5; 10.5) 117
CCL2 (pg/ml) 14 119.5 (74.3; 177.3) 116
CCL7 (pg/ml) 14 3.2(0.02; 16.9) 117
NGF (pg/ml) 13 10.6 (1.1;21.2) 116
Serum leptin >15ng/mlin women/ >7.5ng/ml in men, (%)** 14 12 (85.7) 117

*p-values obtained with use of Fisher’s exact test for categorical variables and independent samples median test for continuous variables

Synovial fluid IL-17
No
0(0; 0)
89.4 (15.5; 333.8)
9.2 (3.3;18.8)
0.3(0.1;0.6)

7.0 (4.3;9.8)
0.7 (0.4;1.9)
348.5 (187.8; 664.3)
0.4(0;2.1)

0.3 (0;2.7)

0(0; 0)
14/115 (12.2)
1.0 (0.3;5.9)

15.1 (6.6; 41.1)
2.5(1.4;4.9)
11.8(8.9; 13.3)
5.9 (3.6; 9.4)
169.5 (101.5; 234.5)
0(0; 0.3)

0(0; 0.6)

69 (59.0)

p-value*

p<0.001
0.005
0.025
0.092
1
0.022
1
0.004
0.023

<0.001

<0.001
0.044
0.149
0.848
0.801
0.754
0.157

0.01

0.037
0.052

**eptin serum level cut-offs based on Askari H et al. Fasting plasma leptin level is a surrogate measure of insulin sensitivity. J Clin Endocrinol Metab. 2010

https://doi.org/10.1371/journal.pone.0175109.t001
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Fig 1. Synovial fluid concentrations of IL-6, Leptin, Resistin, CCL7 and NGF in patients with and without detectable
synovial fluid IL-17 Error bars show median + 95% confidence intervals, *p<0.05, **p<0.01, **p<0.001.

https://doi.org/10.1371/journal.pone.0175109.9001

0-2.0, p = 0.042), fewer osteophytes (61.5% vs. 94.7%, p = 0.001) and less sclerosis (46.2% vs.
83.3%, p = 0.005)
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Table 2. Synovial fluid IL-17 levels in relation to baseline and clinical characteristics and patient-reported outcome measures.

Baseline characteristics n Synovial fluid IL-17 n Synovial fluid IL-17 p-value*
Yes No
Women (%) 14 12 (85.7) 138 85 (61.6) 0.086
Age, median, IQR 14 68 (63.8; 76.3) 138 74 (68.8; 80.0) 0.061
BMI, median, IQR 14 28.2 (25.2; 33.4) 138 27.3 (24.9; 29.4) 0.575
BMI > 35 kg/m? (%) 14 3(21.4) 138 9 (6.5) 0.083
ASA classification 3/4 (%)* 14 2(14.3) 138 32 (23.2) 0.737
Diabetes (%) 14 0 138 17 (12.3) 0.369
Hypertension (5) 14 9 (64.3) 138 86 (62.3) 1
Ever-smoker (%) 14 2(14.3) 138 44 (32.1) 0.229
Statin user (%) 14 4 (28.6) 138 40 (29.0) 1
Clinical characteristics
Hip osteoarthritis (%) 14 7 (50) 138 61 (44.2) 0.781
Contralateral joint symptomatic or replaced (%) 14 7 (50) 138 79 (57.2) 0.778
Duration of symptoms <1 year (%)** 7 3/7 (42.9) 35 6/35 (17.1) 0.155
Cortisone injection in months before surgery (%) 14 2(14.3) 138 16 (11.6) 0.867
Synovitis intra-operative (%)*** 7 7/7 (100) 70 50/70 (71.4) 0.18
Patient-reported outcome measures
VAS pain, median, IQR 14 6(4.8;7.5) 138 6 (5; 8) 0.966
Moderate to very severe night pain (%) 14 13 (92.9) 127 93(73.2) 0.189
WOMAC, median, IQR
Pain 14 37.5 (23.8; 50) 127 40 (30; 50) 0.712
Function 14 42.9(32.1;57.1) 127 39.3 (25; 53.6) 0.167
SF-12, median, IQR
Mental component score 14 40.8 (32; 52) 123 41.6 (34; 52) 0.8
Physical component score 14 31.4(25.9; 32.8) 123 32.8 (27.4;40.8) 0.167
*ASA = American Society of Anaesthesiology
**|nformation on duration of symptoms only available for 42 patients
***Synovitis absence or presence documented intra-operative only prior to total knee arthroplasty (n =7 and n =70)
https://doi.org/10.1371/journal.pone.0175109.t002
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Table 3. Synovial fluid IL-17 levels in relation to radiographic characteristics.

Radiographic characteristics n Synovial fluid IL-17 n Synovial fluid IL-17 p-value*
Yes No

K&L grade 3—4 (%) 13 11 (84.6) 132 121 (91.7) 0.329

MindSW, mm, median, IQR 13 0.2 (0; 0.9) 132 1.0 (0; 2.0) 0.042

Osteophytes present (%) 13 8(61.5) 132 125 (94.7) 0.001

Sclerosis present (%) 13 6 (46.2) 132 110 (83.3) 0.005

*p-values obtained with use of Fisher’s exact test for categorical variables and independent samples median test for continuous variables

https://doi.org/10.1371/journal.pone.0175109.t003

Correlation between serum and SF IL-17 levels was moderate (r = 0.482, Fig 3). In line with
SF adipokine and cytokine levels, serum IL-6, CCL7 and NGF were also significantly higher in
patients with detectable IL-17 as compared to those without (Table 1). Synovial fluid IL-17 was
significantly correlated with SF IL-6 (Fig 4), CCL7, NGF, Leptin and Resistin, and with serum
IL-6, CCL7 and NGF (Table 4).

Discussion

We show the presence of IL-17 in the SF of a subset of end-stage primary OA patients. This
subset possesses a distinct radiographic, inflammatory cytokine and adipocytokine profile.
This, to our knowledge, is the first study to identify an IL-17 driven stratification phenotype of
OA.

Successful therapeutic intervention, mechanistic understanding and development of diag-
nostic and prognostic tools in OA require a clear definition of the phenotypes of disease. We
propose that the presence of IL-17 in SF defines a distinct OA phenotype and may be targetable

60+

N
(@]
1

r=0.482

IL-17 in serum (pg/ml)
¢

0 110 20 30 40
IL-17 in synovial fluid (pg/ml)

Fig 3. Correlation between synovial fluid and serum IL-17 concentrations in patients with detectable
IL-17 in synovial fluid.

https://doi.org/10.1371/journal.pone.0175109.g003
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for therapeutic intervention. In the US OA is estimated to affect 33.7% of those aged over 65
with nearly one million hip and knee replacements performed in 2009 at an estimated cost of
$42.3 million.[18, 19] Therefore the potential to identify and therapeutically target the 10% of
OA patients corresponding to the IL-17-driven subset is of significant value. An aptamer against
IL-17RA, the receptor for IL-17, prevented synovitis in a murine model of OA.[20] This further
supports exploration of IL-17 as a therapeutic target. Clinical trials of IL-17-targeting therapeu-
tics including secukinumab, a monoclonal antibody against IL-17, have shown promising but
variable results in psoriatic arthritis and rheumatoid arthritis. This variability is partially attrib-
uted to heterogeneity in IL-17 levels between patients with the beneficial effects of anti-IL-17
therapeutics potentially seen in the patients with higher IL-17 levels.[21, 22] Therefore targeting
the OA patient subset with detectable synovial fluid IL-17 may be of value in clinical trials of IL-
17 based therapeutics in OA. Correlation of serum and synovial fluid IL-17 levels suggests
potential of IL-17 as a non-invasive biomarker for disease stratification. This alongside the

Table 4. Correlation between synovial fluid and serum IL-17 and the concentrations of adipokines and cytokines that show significant elevation in
the cohort of patients with detectable synovial fluid IL-17.

Synovial fluid
IL-17
Serum
IL-17

CCL7 NGF Leptin Resistin
0.274%* 0. 339** 0.307** 0.189* 0.161*
0.534** 0.602** 0.129 0.006

Values represent Spearman’s correlation coefficients

*Correlation is significant at the 0.05 level
**Correlation is significant at the 0.01 level

https://doi.org/10.1371/journal.pone.0175109.t004
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similar serum and SF adipokine and inflammatory cytokines fingerprint in those patients with
detectable IL-17 suggests a systemic influence of IL-17 in these patients.

Disease stratification in OA is often based upon features including etiology, clinical presen-
tation (sex, speed of progression, pain), comorbidities (obesity, metabolic syndrome), or
nature of tissues and joints affected (polyarticular or monoarticular, atrophic or hypertrophic).
In this study, we show that SF IL-17 associates with a phenotype of OA with reduced bony
changes (osteophyte formation and sclerosis) but increased loss of JSW. Although statistical
significance was not reached, patients with detectable SF IL-17 also tended to be younger,
female and obese with faster progressing disease. The presence of IL-17 in SF may thus define
a patient subset that would otherwise be classified as either atrophic or rapidly destructive; typ-
ically characterized by a lack of bony involvement but relative increase in synovitis and rate of
progression.[23, 24]

In accordance with increased radiographic progression and reduced osteophytes and scle-
rosis, IL-17 promotes matrix metalloproteinase (MMP) production, enhances osteoclast and
inhibits osteoblast activity[14, 25, 26]. The inflammatory phenotype of this patient subset is
supported by previous reports correlating IL-17 with synovitis in rheumatoid arthritis and OA
[27]. However, the presence of synovitis in a significant proportion of OA patients without
detectable IL-17 suggests an independent inflammatory component to OA in these patients
and further work is necessary to identify the cytokine networks responsible. The cytokine pro-
file and synovitis in those patients with detectable IL-17 may be partially driven by IL17’s abil-
ity to recruit IL-17 producing inflammatory cells and promote synoviocyte survival[28]. As IL-
17 induces release of IL-6 and CCL7 from synoviocytes, its presence in SF may drive the
increased IL-6 and CCL?7 levels observed in our patient cohort[29]. CCL7 is a monocyte che-
moattractant and it may therefore act to initiate or maintain monocyte infiltration in OA-
related synovitis.[30] Synergistic effects of IL-17 with these inflammatory cytokines may fur-
ther enhance cartilage destruction and loss of JSW[14]. It is interesting to note that Th17 cells
can transdifferentiate to regulatory T cells that promote resolution of inflammation and do not
secrete IL-17.[31]. The presence of IL-17 in the SF and serum of a subset of end-stage OA
patients in this study may suggest ongoing, unresolved inflammation -characterisitic of a
chronic inflammatory disease. A recent genome wide expression analysis also highlighted IL-
17 signaling as a key modulatory pathway of OA and suggested that IL-17 be used in in vitro
OA models instead of the commonly used IL1B[27, 32]. IL-17 has previously been detected in
the synovial fluid and serum of both controls and OA patients from a Chinese population.[33,
34] The incidence of hip OA is lower in Chinese populations[35, 36] and that of lateral knee
OA significantly higher.[37] Furthermore the genetic associations underlying OA in Caucasian
and Asian populations differ. [38] Therefore the differential detectability of IL-17 in serum
and synovial fluid in our study can be attributed to the differences in both OA susceptibility
and characteristics in Chinese compared to Caucasian populations.

Increased leptin and resistin define a distinct adipocytokine profile in n the patient subset
with detectable IL-17. Adiposity in the absence of leptin signaling does not drive OA in animal
studies.[39] The increased leptin and resistin in our study suggest an adiposity-related driver
to disease in IL-17 patients, reflected in their trend towards an increased BMI. Leptin and
resistin correlate with OA progression and severity, and induce MMP expression and release
of inflammatory cytokines including IL-17[40]. Leptin also drives collagen-induced arthritis
by enhancing Th17 cell generation.[41] In agreement with the cytokine profile of the IL-17
patient subset, IL-17 itself enhances adipocyte leptin, IL-6 and IL-8 secretion[42, 43]. IL-17
can also inhibit adipogenesis and impair obesity development in animal models and thus may
be produced in response to increased adiposity or obesity in this patient subset.[42, 43]
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This is an exploratory, cross-sectional study of end-stage OA and thus we cannot rule out a
role of IL-17 in a larger subset of patients in early stage disease. Furthermore we cannot deter-
mine causality nor define the relative role or source of the IL-17 correlated cytokines in our
patient cohort. IL-17 has been detected in the synovial tissue of OA patients, associated with
macrophages, T-cells and in blood vessels but IL-17 levels were heterogeneous and not all will
be secreted.[21] The limits of detection of ELISAs means that lower concentrations of IL-17
may be present within synovial fluid and serum. [22, 44] However future studies with more
sensitive assays may identify a threshold IL-17 concentration above which the more inflamma-
tory phenotype is present. The volume of SF aspirates also limited the number of cytokines
that could be assessed by ELISA. The small patient sample size means patient stratification
according to site of OA occurrence is underpowered. A longitudinal study in a larger patient
cohort should explore SF and serum IL-17 levels in hip and knee OA patients alongside an
enhanced panel of inflammatory cytokines and adipokines.

In summary, we show that IL-17 defines a specific subgroup of OA with reduced bony
involvement and an increased inflammatory phenotype in the absence of metabolic syndrome.
IL-17 may be therapeutically targetable in this subset.
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