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Abstract 
Objective

Chemerin and interleukin (IL)-8 are pro-inflammatory mediators whose role in joint inflammation and cartilage 
degradation has been demonstrated in in-vitro findings. Studies on their presence in synovial fluid (SF) samples may 

offer further information on their pathogenic role. The aim of this study was to investigate SF chemerin and IL-8 levels 
in patients with different joint diseases. 

Methods
37 patients were enrolled: 18 with rheumatoid arthritis (RA), 8 with psoriatic arthritis (PsA) and 11 with osteoarthritis 
(OA). 41 SF samples were obtained by arthrocentesis in case of knee synovitis. Serum samples were obtained from 13 
patients (4 with RA, 6 with PsA and 3 with OA) at the time of arthrocentesis. Chemerin, IL-8, TNF-α and IL-6 levels 

were measured using commercially available ELISA kits. Immunohistochemical analysis of synovial RA specimens was 
also performed.

Results
No difference in chemerin SF levels emerged between patients with immune-mediated inflammatory arthritides and those 
with OA (p=0.0656), while subjects with inflammatory arthritis displayed significantly higher levels of SF IL-8 compared 
to OA (p=0.0020). No significant difference emerged across the three conditions in the serum levels of both chemerin and 

IL-8. IL-8 strongly correlated with inflammatory markers as ESR, CRP, IL-6 and TNF-α. 

Conclusions
We observed similar chemerin SF and serum levels in the three conditions. Although flawed by some limitations, our 

findings support the emerging concept of OA as an inflammatory disorder. However the increased IL-8 levels we described 
in patients with inflammatory arthritis suggest a selective involvement of this pro-inflammatory and angiogenic cytokine 

in these conditions.
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Introduction 
Major achievements in understand-
ing the pathogenesis of arthropathies 
have recently been made; however, 
there is still much to unravel. It was re-
cently demonstrated that the adipokine 
chemerin mediates joint inflamma-
tion and cartilage degradation. Initially 
thought to be restricted to metabolic 
activities, chemerin was later shown 
to be a potent chemotactic protein for 
Chemerin Receptor 23 (ChemR23)-ex-
pressing cells as macrophages, natural 
killer and plasmacytoid dendritic cells 
(1). Chemerin is expressed mainly by 
adipocytes and epithelial cells and, to 
a minor extent, by chondrocytes and fi-
broblast-like synoviocytes (FLS) (1, 2). 
It is synthetised as an inactive precur-
sor, then converted into the biologically 
active form by several proteases from 
inflammatory and coagulation cascades 
(3). Chemerin expression is upregu-
lated by lipopolysaccharide (LPS) and 
tumour necrosis factor (TNF)-α; serum 
levels of chemerin were shown to be 
associated with inflammatory mark-
ers such as TNF-α, interleukin (IL)-6 
and C-reactive protein (CRP) (4). In 
FLS from patients with rheumatoid ar-
thritis (RA), the pro-inflammatory and 
stimulatory effects of chemerin were 
mediated by the activation of ERK1/2, 
p38MAPK and Akt (2). Moreover, in 
human articular chondrocytes chemerin 
has been shown to increase the produc-
tion of TNF-α, IL-6, IL-1β, metallo-
proteinases (MMP)-1 and MMP-8. At 
higher concentrations, chemerin induc-
es MMP-2, MMP-3, MMP-13 and IL-8 
(5). IL-8 is a pro-inflammatory C-X-C 
chemokine previously characterised as 
the principal agent of the recruitment 
and activation of neutrophils. In the 
synovium, IL-8 is constitutively secret-
ed by synovial macrophages while FLS 
produce IL-8 only in the presence of 
agonists such as IL-1α, IL-1β, TNF-α 
and LPS (6). More precisely, IL-8 ex-
pression in FLS from RA patients is 
induced upon activation of Toll-like re-
ceptor (TLR) 2 and TLR3, two innate 
immunity receptors involved in inflam-
mation (7, 8). In animal models, IL-8 
injected intra-articularly was shown to 
induce joint inflammation with synovial 
histological changes similar to those ob-

served in RA patients (9). IL-8 has also 
been identified as a pivotal player in an-
giogenesis, one of the key-mechanisms 
for the maintenance and perpetuation of 
chronic synovial inflammation (10, 11). 
Assessing the concentration in the 
synovial fluid (SF) of potential patho-
genetic mediators may supply further 
insights into the etiopathogenesis of 
arthropathies. Therefore, the aim of 
this study was to investigate chemerin 
and IL-8 levels in the SF of patients 
with immune-mediated inflammatory 
arthritides (RA and psoriatic arthritis, 
PsA) and osteoarthritis (OA). To bet-
ter ascertain the local versus systemic 
production of the study cytokines, we 
also assessed serum chemerin and IL-8 
levels. In addition, chemerin and IL-8 
were compared to IL-6 and TNF-α, 
two well-established mediators of joint 
inflammation. 

Materials and methods
Patients
Twenty-six patients with a diagnosis 
of immune-mediated inflammatory ar-
thritis and 11 with OA were recruited 
in this study. All 37 patients were di-
agnosed according to the criteria of the 
American College of Rheumatology 
(12-14). SF samples were obtained 
when an arthrocentesis was performed 
because of knee synovitis. Four patients 
(2 with AR, 1 with PsA and 1 with OA) 
underwent knee arthrocentesis two 
times six months apart. Clinical data 
including age, BMI, disease duration, 
VAS pain, DAS28 (in RA and PsA) and 
radiographic grade (Kellegren’s classi-
fication system, (15)) were collected at 
the time of arthrocentesis. In addition, 
serum samples were obtained from 13 
patients (4 with AR, 6 with PsA and 3 
with OA) at the time of arthrocentesis.

Protein assays
The SF and serum levels of chemerin, 
IL-8, IL-6 and TNF-α were determined 
by commercially available enzyme-
linked immunosorbent assays (ELI-
SAs, R&D Systems, Minneapolis, 
MN, USA), following manufacturer’s 
instructions. The total protein contents 
of SF and serum samples (mg/ml) were 
measured using Bio-Rad Protein assay 
(Bio-Rad Laboratories, Hercules, CA, 
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USA), according to manufacturer’s in-
structions. Experiments were all run in 
triplicates. The SF and serum concen-
trations of the four cytokines (ng/ml) 
were then normalised to SF and serum 
total protein contents respectively and 
expressed as ng/mg. Chemerin and IL-8 
were measured in 41 samples obtained 
from 37 patients while TNF-α and IL-6 
were assessed in 37 samples. 

Immunohistochemistry 
Synovial tissues for immunohisto-
chemical analysis were obtained from 4 
RA patients who underwent knee syn-
ovectomy. Tissues were formalin-fixed 
and paraffin embedded. Sections were 
incubated with monoclonal antibodies 
against chemerin (IgG1 clone 14G10; 
1:250 dilution) and revealed by Novo-
link polymer (Leica), followed by DAB 
as chromogen.

Statistical analysis
Mann-Whitney and Kruskal-Wallis tests 
were used to compare chemerin, IL-8, 
TNF-α and IL-6 SF levels in a cohort 
of 37 patients (41 knees) subgrouped 
upon diagnosis (RA, PsA and OA), gen-
der and radiological grade (Kellegren’s 
grade II, III and IV). Mann-Whitney 
and Kruskal-Wallis tests were also used 
to compare serum levels of chemerin, 
IL-8, TNF-α and IL-6 levels in a cohort 
of 13 patients (13 knees) subgrouped 

upon diagnosis, gender and radiological 
grade. Associations between SF and se-
rum cytokine levels with demographic, 
clinical and biochemical variables were 
determined by Spearman’s coefficient 
(r). SF and serum levels of the four study 
cytokines normalised to the total SF/se-
rum protein contents were compared us-
ing a matched-pair Mann-Whitney test. 
Univariate, bivariate and multivariate 
logistic regression analyses were drawn 
to investigate the relationship between 
SF and serum levels of the four study 
cytokines and diagnosis (defined as 
immune-mediated inflammatory arth-
ritides versus OA). Statistical analysis 
was performed with STATA-10, p≤0.05 
were considered statistically significant. 
Continuous variables were expressed 
as median values (interquartile range, 
IQR).

Results 
Of the 37 subjects recruited in this 
study, 18 patients were diagnosed with 
RA, 8 with PsA and 11 with OA. Ten 
subjects (27%) were of male gender. 
Demographic and clinical character-
istics, biochemical variables and the 
SF levels of chemerin, IL-8, IL-6 and 
TNF-α in the cohort of 37 patients are 
enlisted in Table I. None of the patients 
with immune-mediated inflammatory 
arthridites was on biological therapy; 
10/18 RA patients were on methotrexate 

(15 mg/week) and hydroxychloroquine 
(400 mg/day) and 8/18 on leflunomide 
(20 mg/day) and hydroxychloroquine 
(400 mg/day); all were on corticoster-
oid treatment (<5 mg/die). PsA patients 
were all on salazopirine (3 gr/day), the 
OA subjects on non-steroidal inflam-
matory agents only. 
Of the 13 subjects whose serum and SF 
samples were collected, 4 patients were 
diagnosed with RA, 6 with PsA and 3 
with OA. 9 subjects (69%) were of fe-
male gender. Table II reports the demo-
graphic and clinical characteristics, the 
biochemical variables and the serum 
and SF levels of chemerin, IL-8, IL-6 
and TNF-α of the 13 patients. 

Demographic, clinical and 
biochemical variables of 37 patients 
subgrouped upon diagnosis
A significant age difference emerged 
across the three subgroups of patients 
identified upon diagnosis (p=0.0092, 
Kruskal-Wallis Statistics 9.384), the 
OA patients being older than subjects 
with immune-mediated inflammatory 
arthritides (p=0.0231, Mann-Whitney 
U=60.50). Conversely, age was com-
parable between the two immune-me-
diated conditions (p=0.0723, Mann-
Whitney U=34.50). No significant 
difference emerged between the three 
groups with respect to disease dura-
tion, BMI, VAS pain, ESR and CRP 

Table I. Demographic, clinical and biochemical parameters of the 37 patients recruited in our study.  
 
	 RA (n=18) median (IQR)	 PsA (n=8) median (IQR)	 OA (n=11) median (IQR)

Age (years)	 64.5	 (49-81.25)	 48.5	 (39.5-63)	 70.5	 (68-74)
BMI (weight [kg]/height2 [cm2])	 25	 (20-27)	 22.7	 (21-24.85)	 35	 (22.65-27.5)
Disease duration (months)	 108	 (60-180)	 72	 (42-72)	 72	 (24-114)
Kellgren’s radiographic grade	 3		  3		  3
VAS pain	 60	 (42.5-70)	 60	 (45-60)	 60	 (45-60)
DAS28 	 3.5	 (2.6-4.05)	 2.9	 (2.8-3.835)	 –
ESR	 26	 (14-48)	 10	 (7-32)	 21	 (13.5-26)
CRP	 0.59	 (0.42-3.1)	 0.5	 (0.4-0.95)	 0.4	 (0.3-0.4)
SF Chemerin  (ng/ml)	 24.79	 (14.02-36.49)	 37.65	 (25.65-48.87)	 36.82	 (22.22-61.94)
SF IL-8 (ng/ml)	 2.175	 (0.494-4.724)	 1.169	 (0.162-2.329)	 0.009	 (0-0.210)
SF TNF-α (ng/ml)	 0.046	 (0-0.179)	 0	 (0-0.107)	 ND
SF IL-6 (ng/ml)	 6.852	 (2.474-20.584)	 1.662	 (1.276-12.12)	 1.217	 (0.010-1.551) 
SF Chemerin*	 0.723	 (0.351-1.126) 	 0.801	 (0.504-1.030) 	 1.658	 (1.198-2.262) 
SF IL-8*	 0.03878	 (0.011435-0.16061) 	 0.01763	 (0.00305-0.06658) 	 0.00028	 (0-0.00930) 
SF TNF-α*	 0.0013	 (0-0.00593)	 0	 (0-0.00262)	 –
SF IL-6*	 0.1936	 (0.0708-0.4394)	 0.0525	 (0.0346-0.3180)	 0.0408	 (0.0003-0.0755)

Absolute (ng/ml) and normalised levels (*, ng/mg) of chemerin, interleukin (IL)-8, tumour necrosis factor α (TNF-α) and IL-6 in the synovial fluid (SF). 
Normalised cytokine levels are calculated as the ratio between the concentration (ng/ml) of the chemokines and the total SF proteins. Values are expressed 
as median (IQR, interquartile range). RA: rheumatoid arthritis; PsA: psoriatic arthritis; OA: osteoarthritis. 
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(p=0.1774, Kruskal-Wallis Statistics 
3.458; p=0.5188, Kruskal-Wallis Sta-
tistics 1.312; p=0.4175, Kruskal-Wallis 
Statistics 1.747; p=0.4568, Kruskal-
Wallis Statistics 1.567 and p=0.0.826, 
Kruskal-Wallis Statistics 4.989 re-
spectively). Lastly, RA and PsA pa-
tients presented similar DAS28 values 
(p=0.9574, Mann-Whitney U=48.00).

Cytokine SF levels and demographic, 
clinical and biochemical variables
No significant difference in chemerin, 
IL-8, TNF-α and IL-6 levels emerged 
between subgroups of patients iden-
tified upon radiographic damage 
(p=0.436, Kruskal-Wallis Statistics 
1.662; p=0.509, Kruskal-Wallis Sta-
tistics 1.351; p=0.780, Kruskal-Wallis 
Statistics 0.498 and p=0.307, Kruskal-
Wallis Statistics 2.364 respectively). 
In particular, patients with more severe 
damage (Class IV) presented levels of 
chemerin and IL-8 comparable to sub-
jects with less advanced radiographic 
progression (Class II and III, p=0.637, 
Mann-Whitney U=40.000 and p=0.717, 
Mann-Whitney U=41.000 respective-
ly). The SF concentrations of chemer-

in, IL-8, TNF-α and IL-6 were simi-
lar across subgroups based on gender 
(p=0.590, Mann-Whitney U=123.00; 
p=0.782, Mann-Whitney U=131.500; 
p=0.908, Mann-Whitney U=109.000 
and p=0.316, Mann-Whitney U=86.00 
respectively) and treatment (p=0.104, 
Mann-Whitney U=3.746; p=0.097, 
Mann-Whitney U=9.643; p=0.104, 
Mann-Whitney U=3.746 and p=0.378, 
Kruskal-Wallis Statistics=4.689 respec-
tively). Chemerin and TNF-α levels in 
the SF were not associated with any 
of the considered demographic, clini-
cal and biochemical variables. In par-
ticular, chemerin did not correlate with 
BMI, not even when considering solely 
OA patients (r=0.5868, p=0.1262). A 
significant relationship between the SF 
concentration of IL-8 and VAS pain was 
observed; moreover, IL-8 levels signifi-
cantly correlated with acute phase reac-
tants as CRP and ESR. IL-6 SF levels 
were found to correlate with VAS pain, 
CRP and DAS28. The r and p values of 
the correlations between demographic, 
clinical and biochemical parameters 
and the SF levels of the four study cy-
tokines are detailed in Table III. 

Cytokine SF levels in the three 
subgroups of patients identified upon 
diagnosis 
In our cohort, no signif﻿icant difference 
was observed in the SF concentration 
of chemerin between patients with 
RA, PsA and OA (p=0.0656, Kruskal-
Wallis Statistics 5.448). No difference 
in chemerin levels in SF emerged when 
comparing immune-mediated inflam-
matory arthritides and OA (p=0.0928, 
Mann-Whitney U=115.00). Conversely, 
a significant difference was observed in 
the SF concentration of IL-8 between pa-
tients with RA, PsA and OA (p=0.0020, 
Kruskal-Wallis Statistics 12.46). In par-
ticular, patients with immune-mediated 
inflammatory arthritides presented sig-
nificantly higher levels of SF IL-8 com-
pared to OA subjects (p=0.0006, Mann-
Whitney U=60.00, Fig. 1). Patients with 
OA displayed significantly lower SF 
concentrations of IL-8 compared to both 
RA and OA patients (p=0.0006, Mann-
Whitney U=33.50 and p=0.0246, Mann-
Whitney U=26.50, respectively), while 
no significant difference in IL-8 levels 
was found in the SF from patients with 
RA and PsA (p=0.1167, Mann-Whitney 

	Table II. Demographic, clinical and biochemical parameters of the group of 13 patients. 

	 RA (n=5) median (IQR)	 PsA (n=5) median (IQR)	 OA (n=3) median (IQR)

Age (years)	 68	 (50-82)	 50	 (40-63)	 70	 (66.5-70.5)
BMI (weight [kg]/height2 [cm2])	 24	 (23-25)	 24.4	 (20.4-25.2)	 28	 (24.7-28.4)
Disease duration (months)	 72	 (48-360)	 72	 (63-78)	 60	 (36-72)
Kellgren’s radiographic grade	 3		  3		  3
VAS pain	 70	 (60-70)	 60	 (52.5-62.5)	 50	 (50-55)
DAS28 	 3.6	 (2.5-4.1)	 3.1	 (2.9-3.5)	 –
ESR	 31	 (14-48)	 13.5	 (7.5-26.8)	 –
CRP	 0.5	 (0.45-1.45)	 0.45	 (0.43-0.48)	 –
Serum Chemerin  (ng/ml)	 206.05	 (178.14-211.30)	 164.30	 (133.22-165.51)	 172.28	 (154.71-226.12)
SF Chemerin	 35.22	 (16.59-48-03)	 51.42	 (41.21-56.77)	 61.08	 (60.45-62.79)
Serum IL-8 (ng/ml)	 ND		  ND		  ND
SF IL-8	 4.19	 (2.40-8.87)	 0.34	 (0.03-1.57)	 0	 (0-0.095)
Serum TNF-α (ng/ml)	 0.013	 (0-0.020)	 0	 (0-0.112)	 ND
SF TNF-α	 0.091	 (0.060-0.343)	 ND		  ND
Serum IL-6 (ng/ml)	 0.05	 (0.02-0.06)	 ND		  ND
SF IL-6	 27.72	 (21.60-69.15)	 1.32	 (1.00-11.56)	 1.46	 (1.32-1.55)
Serum Chemerin*	 2.97	 (2.77-3.17)	 2.32	 (2.10-2.55)	 2.77	 (2.33-3.55)
SF Chemerin*	 0.735	 (0.723-1.152)	 1.046	 (0.862-1.453)	 2.122	 (1.894-3.070)
Serum IL-8*	 –		  –		  –
SF IL-8*	 0.120	 (0.050-0.191)	 0.017	 (0.002-0.044)	 0	 (0-0.003)
Serum TNF-α*	 0.000199	 (0-0.000342)	 0	 (0-0.0017)	 –
SF TNF-α*	 0.0026	 (0.0019-0.0074)	 –		  –
Serum IL-6*	 0.0007	 (0.0004-0.0011)	 –		  –
SF IL-6*	 0.94	 (0.57-1.65)	 0.03	 (0.02-0.22)	 0.05	 (0.04-0.06)

Absolute (ng/ml) and normalised levels (*, ng/mg) of chemerin, interleukin (IL)-8, tumour necrosis factor α (TNF-α) and IL-6 in the synovial fluid (SF) 
and in the sera. Normalised cytokine levels are calculated as the ratio between the concentration (ng/ml) of the chemokines and the total SF/serum proteins. 
Values are expressed as median (IQR, interquartile range). RA: rheumatoid arthritis; PsA: psoriatic arthritis; OA: osteoarthritis; ND: not detectable. 
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U=60.50). A trend towards statistical 
significance emerged when evaluating 
SF TNF-α levels in the three conditions 
(p=0.0521, Kruskal-Wallis Statistics 
5.908). Indeed, patients with immune-
mediated inflammatory arthritides pre-
sented significantly higher SF TNF-α 
compared to OA subjects, whose levels 
were undetectable (p=0.0194, Mann-
Whitney U=78.00). More precisely, RA 
patients displayed higher TNF-α lev-
els in the SF compared to OA subjects 
(p=0.0108, Mann-Whitney U=43.50), 
while no statistically significant dif-
ference was observed between RA and 
PsA patients and between subjects with 
PsA and OA (p=0.5947, Mann-Whitney 
U=66.50 and p=0.1869, Mann-Whitney 
U=34.50 respectively). Conversely, the 
SF concentrations of IL-6 were signifi-
cantly dissimilar across patients with 
RA, PsA and OA (p=0.0020, Kruskal-
Wallis Statistics 12.46). In particular, 
patients with immune-mediated inflam-
matory arthritides presented higher lev-
els of SF IL-6 compared to OA subjects 

Table III. Correlations between demographic, clinical and biochemical variables and levels of chemerin, IL-8, TNF−α and IL-8 in the 
synovial fluids obtained from the 37 patients recruited in this study.   

	 Age	 Disease	 BMI	 VAS pain	 ESR	 CRP	 DAS28	 SF	 SF IL-8	 SF TNF-α	 SF IL-6
		  Duration						      Chemerin	

Age	 –	 r=0.242	 r=-0.111	 r=0.544	 r=0.566	 r=0.024	 r=0.730	 r=0.141	 r=0.242	 r=0.036	 r=0.149
		  p=0.161	 p=0.560	 p=0.001	 p=0.002	 p=0.926	 p<0.001	 p=0.398	 p=0.143	 p=0.885	 p=0.399

Disease duration	 r=0.242	 –	 r=-0.445	 r=0.404	 r=-0.053	 r=-0.069	 r=0.116	 r=-0.079	 r=0.320	 r=0.046	 r=0.305
	 p=0.161		  p=0.018	 p=0.001	 p=0.793	 p=0.792	 p=0.590	 p=0.651	 p=0.061	 p=0.806	 p=0.096

BMI	 r=-0.111	 r=-0.445	 –	 r=-0.346	 r=-0.367	 r=0.331	 r=-0.532	 r=0.250	 r=-0.161	 r=-0.126	 r=-0.033
	 p=0.560	 p=0.018		  p=0.072	 p=0.093	 p=0.247	 p=0.016	 p=0.183	 p=0.396	 p=0.541	 p=0.873

VAS pain	 r=0.544	 r=0.404	 r=-0.346	 –	 r=0.404	 r=-0.130	 r=0.655	 r=0.169	 r=0.402	 r=0.033	 r=0.589
	 p=0.001	 p=0.001	 p=0.072		  p=0.037	 p=0.619	 p=0.001	 p=0.332	 p=0.017	 p=0.861	 p<0.001

ESR	 r=0.566	 r=-0.053	 r=-0.367	 r=0.404	 –	 r=0.467	 r=0.789	 r=-0.038	 r=0.662	 r=0.331	 r=0.319
	 p=0.002	 p=0.793	 p=0.093	 p=0.037		  p=0.059	 p<0.001	 p=0.852	 p<0.001	 p=0.123	 p=0.138

CRP	 r=0.024	 r=-0.069	 r=0.331	 r=-0.130	 r=0.467	 –	 r=0.321	 r=-0.052	 r=0.737	 r=0.460	 p=0.515
	 p=0.926	 p=0.792	 p=0.247	 p=0.619	 p=0.059		  p=0.286	 p=0.842	 p=0.001	 p=0.085	 p=0.050

DAS28	 r=0.730	 r=0.116	 r=-0.532	 r=0.655	 r=0.789	 r=0.321	 –	 r=0.250	 r=0.615	 r=0.000	 r=0.437
	 p<0.001	 p=0.590	 p=0.016	 p=0.001	 p<0.001	 p=0.286		  p=0.238	 p=0.001	 p=1.000	 p=0.048

SF Chemerin	 r=0.141	 r=-0.079	 r=0.250	 r=0.169	 r=-0.038	 r=-0.052	 r=0.250	 –	 r=-0.33	 r=-0.215	 r=0.276
	 p=0.398	 p=0.651	 p=0.183	 p=0.332	 p=0.852	 p=0.842	 p=0.238		  p=0.839	 p=0.202	 p=0.098

SF IL-8	 r=0.242	 r=0.320	 r=-0.161	 r=0.402	 r=0.662	 r=0.737	 r=0.615	 r=-0.33	 –	 r=0.251	 r=0.764
	 p=0.143	 p=0.061	 p=0.396	 p=0.017	 p<0.001	 p=0.001	 p=0.001	 p=0.839		  p=0.134	 p<0.001

SF TNF-α	 r=0.036	 r=0.046	 r=-0.126	 r=0.033	 r=0.331	 r=0.460	 r=0.000	 r=-0.215	 r=0.251	 –	 r=0.323
	 p=0.885	 p=0.806	 p=0.541	 p=0.861	 p=0.123	 p=0.085	 p=1.000	 p=0.202	 p=0.134		  p=0.052

SF IL-6	 r=0.149	 r=0.305	 r=-0.033	 r=0.589	 r=0.319	 p=0.515	 r=0.437	 r=0.276	 r=0.764	 r=0.323	 –
	 p=0.399	 p=0.096	 p=0.873	 p<0.001	 p=0.138	 p=0.050	 p=0.048	 p=0.098	 p<0.001	 p=0.052

Fig. 1. Dot-plots of chemerin (A), IL-8 (B), TNF-α (C) and IL-6 (D) levels (ng/ml) in the synovial 
fluid of patients with rheumatoid arthritis (RA), psoriatic arthritis (PsA) and osteoarthritis (OA). 
The horizontal lines refer to the median values in each group. 
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(p=0.0010, Mann-Whitney U=48.00). 
Patients with OA displayed significantly 
lower concentrations of SF IL-6 com-
pared to RA (p=0.0006, Mann-Whit-
ney U=24.0) and almost significantly 
compared to PsA patients (p=0.0558, 
Mann-Whitney U=24.00, respectively), 
while any dissimilarity in IL-6 levels 
was found in the SF from patients with 
RA and PsA (p=0.4134, Mann-Whitney 
U=61.00).

Correlations between SF cytokine levels
SF IL-8 strongly correlated with 
IL-6 levels (r=0.7637, p<0.0001). A 
trend towards statistical significance 
emerged when evaluating the relation-
ship between chemerin and IL-6 levels 
(r=0.2764, p=0.0977) as well as be-
tween IL-6 and TNF-α SF concentra-
tions (r=0.3226, p=0.0515).   
No association could be detected be-
tween chemerin and IL-8 (r=-0.0328, 
p=0.8385); similarly, chemerin SF lev-
els did not correlate with TNF-α con-
centration (r=-0.2147, p=0.2020) and no 
significant correlation emerged between 
IL-8 and TNF-α (r=0.2513, p=0.1336). 

Demographic, clinical and biochemical 
variables of 13 patients subgrouped 
upon diagnosis
No significant age difference emerged 
between the 13 patients whose SF 
as well as serum samples were col-
lected, subgrouped upon clinical di-
agnosis (AR, PsA and OA, p=0.155, 
Kruskal-Wallis Statistics 3.735). No 
dissimilarity emerged among the three 
groups with respect to disease dura-
tion, BMI, VAS pain, ESR and CRP 
(p=0.692, Kruskal-Wallis Statistics 
0.737; p=0.678, Kruskal-Wallis Statis-
tics 0.776; p=0.351, Kruskal-Wallis Sta-
tistics 2.094; p=0.532, Kruskal-Wallis 
Statistics 1.264 and p=0.282, Kruskal-
Wallis Statistics 2.534, respectively). 
Moreover, RA and PsA patients pre-
sented similar DAS28 values (p=1.000, 
Mann-Whitney U=10.00).

Cytokine serum levels and demographic,
clinical and biochemical variables
No significant difference in serum 
chemerin, IL-8, IL-6 and TNF-α levels 
emerged between subgroups of patients 
identified upon radiographic damage 

(p=0.667, Mann-Whitney U=3.000; 
p=0.833, Mann-Whitney U=4.500; 
p=0.667, Mann-Whitney U=3.000 and 
p=1.000, Mann-Whitney U=5.000 re-
spectively). Similarly, there was no sig-
nificant difference in serum chemerin, 
IL-8, IL-6 and TNF-α levels among sub-
groups identified upon gender (p=0.503, 
Mann-Whitney U=16.00; p=0.710, 
Mann-Whitney U=15.00; p=0.710, 
Mann-Whitney U=15.00 and p=0.260, 
Mann-Whitney U=10.00 respectively) 
and treatment (p=0.235, Mann-Whit-
ney U=7.263; p=0.375, Mann-Whitney 
U=4.634; p=0.235, Mann-Whitney 
U=7.263 and p=0.554, Mann-Whitney 
U=4.653 respectively). No significant 
association was detected between se-
rum chemerin, IL-8, TNF-α and IL-6 
and any of the demographic, clinical and 
biochemical variables. 

Cytokine serum levels in the three 
subgroups of patients identified upon 
diagnosis 
In our cohort, no significant difference 
was observed in the serum concentra-
tion of chemerin, IL-8 and TNF-α 
among patients with RA, PsA and OA 
(p=0.300, Kruskal-Wallis Statistics 
2.409; p=0.717, Kruskal-Wallis Statis-
tics 6.667 and p=0.323, Kruskal-Wallis 
Statistics 2.263). In particular, subjects 
with immune-mediated inflammatory 
arthritides and OA were comparable 
with regards to serum chemerin, IL-8 
and TNF-α levels (p=0.866, Mann-
Whitney U=14.00; p=0.692, Mann-
Whitney U=12.00 and p=0.217, Mann-
Whitney U=7.50). Of note, IL-8 levels 
were not detectable in the whole cohort 
of patients, except one RA and one PsA 
subject. Serum TNF-α concentrations 
were below the assay detection limit in 
all OA patients. A significant difference 
was observed in the serum concentra-
tion of IL-6 among patients with RA, 
PsA and OA (p=0.032, Kruskal-Wallis 
Statistics 6.857). In particular, patients 
with immune-mediated inflammatory 
arthritides presented similar serum lev-
els of IL-6 compared to OA subjects 
(p=0.161, Mann-Whitney U=6.00), 
whose serum levels were below the de-
tection threshold. Similarly, all but one 
PsA subject displayed undetectable se-
rum IL-6. Patients with OA presented 

significantly lower SF concentrations 
of IL-6 compared to RA (p=0.0036, 
Mann-Whitney U=0.00). A trend to-
wards statistical significance was reg-
istered when comparing serum IL-6 in 
AR and PsA patients (p=0.095, Mann-
Whitney U=4.00), while no significant 
difference in IL-6 levels was found in 
the SF from patients with PsA and OA 
(p=0.786, Mann-Whitney U=6.00).

Correlations between serum cytokine 
levels
Serum chemerin levels did not correlate 
with any of the considered variables, 
while a significant correlation emerged 
between IL-8 and SF IL-6 as well as se-
rum TNF-α and IL-6 concentrations. A 
significant correlation of serum TNF-α 
levels with SF TNF-α and serum IL-6 
was observed.

Serum/SF gradient 
A serum/SF gradient of the four study 
cytokines was also evaluated. Cytokine 
levels were considered after normalisa-
tion to the protein content of serum and 
SF. Chemerin levels were significantly 
higher in serum than in SF (p=0.004, 
Z=-2.900). Conversely, IL-8 and IL-6 
levels were significantly higher in SF 
samples than in sera (p=0.006, Z=-
2.756 and p=0.001, Z=-3.180, respec-
tively). No significant dissimilarity was 
observed between SF and serum TNF-α 
levels (p=0.128, Z=-1.521). 

Univariate, bivariate and multivariate 
logistic regression analyses
At bivariate logistic regression analysis, 
SF chemerin and TNF-α levels correct-
ed by age did not significantly predicted 
diagnosis, defined as immune-mediated 
inflammatory arthritides versus OA 
(p=0.081 and p=0.106). Conversely, 
IL-8 levels in the SF significantly pre-
dicted diagnosis (p=0.031, β=0.505, 
χ2 Wald 4.632, 95% CI=1.046-2.622) 
while a trend towards statistical signifi-
cance was observed for IL-6 in predict-
ing diagnosis (p=0.053, β=0.310, χ2 
Wald 3.757, 95% CI=0.997-1.866).
At univariate logistic regression analy-
sis, none of the serum cytokines signifi-
cantly predicted diagnosis (p=0.760, 
p=0.999, p=0.994 and p=0.998 respec-
tively).
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Thereafter, we built a multivariate lo-
gistic regression model to predict di-
agnosis, inserting as predictors the 
two variables that were significant in 
the univariate models: IL-8 and IL-
6, corrected by age. However, none 
of these two variables held statistical 
significance in the multivariate model 
(p=0.199 and p=0.300, respectively). 
	
Immunohistochemistry
On sections, Chemerin reactivity was 
detected in all 4 synovial biopsies from 
RA patients in form of cytoplasmic 
dots in endothelial cells (Fig. 2).

Discussion
Chemerin is a pro-inflammatory me-
diator contributing to chronic synovial 
inflammation by recruiting inflamma-
tory cells, promoting endothelial cell 
proliferation and inducing MMP pro-
duction. In our cohort, consistently 
with the emerging concept of OA as 
an inflammatory disorder and not a 
merely degenerative disease (16), OA 
patients presented similar SF levels of 
chemerin compared to subjects with 
immune-mediated inflammatory arth-
ritides. Chemerin was even higher, al-
though non significantly, in OA than in 
RA and PsA, suggesting chemerin as a 
player in OA pathogenesis. Chemerin 
role in OA etiology is further support-
ed by its catabolic effects on cartilage 
(17). Indeed, in chondrocytes chemerin 
has been proposed as a downstream 
mediator of TLR activation, a family 

of pro-inflammatory receptors exert-
ing a well-characterised inhibitory ac-
tivity on cartilage biosynthetic activity 
(18). Moreover, chemerin expression is 
modulated throughout chondrocyte dif-
ferentiation, suggesting its role in endo-
chondral ossification (19).
Conversely, patients with immune-
mediated inflammatory arthritides 
presented significantly higher IL-8 SF 
levels compared to those with OA. This 
observation fits well with the histologi-
cal evidence of abundant synovial hy-
pervascularisation described in both 
RA and PsA, whereas in OA neoangio-
genesis is a less prominent finding (11). 
As a whole, these data significantly 
contribute to current knowledge, as 
available reports of chemerin and IL-8 
SF levels across the three arthropathic 
disease were limited to only one study 
respectively. Our finding of similar 
chemerin SF concentrations in the three 
conditions is consistent with the study 
conducted by Eisinger in a cohort of 
36 patients, while some discrepancies 
with previous data about IL-8 SF lev-
els emerged. Indeed, Bertazzolo et al. 
described higher IL-8 levels in the SF 
from RA patients compared to both OA 
and PsA subjects (20, 21). 
The anti-inflammatory effects of anti-
rheumatic agents such as methotrexate 
and leflunomide affect the cytokine 
profile in RA (22). In our study, SF 
samples were collected in case of knee 
joint effusion, when disease control 
was not achieved by medical treat-

ment: this provides an optimal scenario 
to evaluate the mediators involved in 
joint inflammation.
Another novel issue investigated in this 
study is the direct comparison of the cir-
culating concentrations of chemerin and 
IL-8 across the three conditions. The 
subgroups of patients displayed com-
parable serum levels of both chemerin 
and IL-8. This is a relevant finding, as 
past studies evaluated serum chemerin 
in RA and PsA only separately, observ-
ing respectively higher and lower levels 
as compared to healthy subjects (23, 
24). On the other hand, serum IL-8 was 
reported  as increased in RA patients 
compared to OA (2, 25). 
Interestingly, our data suggest a serum/
SF gradient for chemerin, supporting a 
systemic rather than local synthesis of 
this chemokine. Further, we reported 
an in situ production of IL-8; consist-
ently, many synovial cell types, mainly 
of macrophagic origin, have been pre-
viously shown to secrete IL-8 (6).
This study provides novel insight into 
the inflammatory orchestra in arthropa-
thies also by assessing the relationship 
of levels of chemerin and IL-8 with two 
other proinflammatory cytokines as 
TNF-α and IL-6, both in serum and SF. 
To note, we could not confirm the asso-
ciation between chemerin and TNF-α, 
IL-6 and other markers of inflammato-
ry response as ESR and CRP (26, 27). 
Similarly, we could not confirm the as-
sociation of chemerin levels with BMI 
and OA severity (24, 28). This was a 

Fig. 2. Chemerin expression in a synovial tissue obtained from a patient with rheumatoid arthritis as detected by immunohistochemistry. Sections are coun-
terstained with Meyer’s haematoxylin. Original magnification 200x (A and B) and 600x (C).
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rather unexpected finding as chemerin 
and the other members of the adi-
pokine family have been demonstrated 
to strongly correlate with systemic 
inflammation, being identified as po-
tential mediators of the emerging link 
between obesity, low-grade inflamma-
tion and OA (29. 30). This could be ex-
plained by the rather quite severe joint 
damage observed in our cohort.
On the other hand, a significant as-
sociation of IL-8 with disease activ-
ity parameters such as ESR, CRP and 
DAS28 emerged. The pro-inflamma-
tory activity of IL-8 was further docu-
mented by the strong relationship with 
both TNF-α and IL-6 levels, suggesting 
a close interplay between these three 
cytokines. The correlation between SF 
IL-8 and VAS pain is in line with the 
observation that hypoxia, a strong in-
ducer of IL-8 secretion, contributes to 
the pathogenesis of pain by sensitising 
sensory nerves (11). 
The expression of chemerin was con-
firmed also at a synovial level in tissue 
samples from RA patients. Biopsies 
of synovial membranes in individuals 
with osteoarthritis are not justified by 
clinical purpose, being not routinely 
performed. Thus, because of the lack of 
data from PsA and OA synovial tissues, 
no definitive conclusions can be drawn. 
We acknowledge the preliminary na-
ture of our study: given the rather small 
sample size, the above findings need to 
be confirmed by appropriately powered 
studies.
As a whole, our data suggest that the 
SF levels of chemerin do not allow 
distinguishing between conditions as 
AR, PsA and OA, supporting a role 
for chemerin in the pathogenesis of all 
the three diseases. On the other hand, 
IL-8 is significantly increased in the SF 
from patients with immune-mediated 
inflammatory arthritides, suggesting its 
selective involvement in these condi-
tions. It is therefore tempting to pos-
tulate that disease-specific factors may 
contribute to a differential modulation 
of inflammatory response leading to a 
selective recruitment of downstream 
mediators. Future studies are war-
ranted to better define the role of these 
chemokines in the pathogenesis of dif-
ferent arthropathies.
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