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Abstract

Objectives: Lubricin, encoded by the proteoglycan 4 (PRG4) gene, is mainly responsible for lubri-
cating joints. However, there is expanding evidence on its involvement in inflammatory pathways. 
Juvenile idiopathic arthritis (JIA) is a heterogeneous group of chronic arthritides with an unknown 
origin in children aged below 16 years. It is characterized by chronic joint inflammation, including 
synovial inflammation, and may result in cartilage destruction. We aimed to determine whether 
serum lubricin levels are affected in JIA patients.
Material and methods: This cross-sectional study included children diagnosed with JIA and  
28 healthy controls. The patients were divided into two groups according to the presence of remis-
sion at the time of study. Lubricin protein analysis was performed by the enzyme-linked immunosor-
bent assay method. Serum samples were obtained at the study enrollment, and lubricin levels were 
measured once, and compared between JIA patients and healthy controls, and between JIA patients 
with active disease and remission.
Results: The study included 52 JIA patients (28 female, 24 male) and 28 healthy controls (18 fe-
male, 10 males). The mean age at study enrollment was 11.66 ±4.41 years and 12.72 ±4.52 years 
in the JIA patient and control groups, respectively. Although median serum lubricin level did not 
differ between JIA patients (median: 0.66 ng/μl, range: 0.02–3.85 ng/μl) and healthy controls (me-
dian: 0.52 ng/μl, range: 0.06–3.84 ng/μl), it was statistically significantly higher in patients with 
active disease (median: 1.58 ng/μ, range: 0.08–3.85 ng/μl) than both patients in remission (median:  
0.57 ng/μl, range: 0.02–3.57 ng/μl) and healthy controls. A low degree positive correlation was also 
found between serum lubricin levels and erythroid sedimentation rate of the JIA patients (r = 0.383 
and p = 0.011).
Conclusions: This is the first study investigating serum lubricin levels in JIA patients, and we found 
elevated serum lubricin levels in JIA patients with active disease. Further studies are needed to 
clarify our results.
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Introduction

Lubricin, encoded by the proteoglycan 4 (PRG4) gene, 
is a mucin-like molecule and includes proline, serine and 
threonine that provides a scaffold for glycosylation, high 
viscosity and low friction [1, 2]. It is suggested to have 
protective effects against synovial hyperplasia and carti-
lage deterioration in the joint spaces. 

Experimental models of osteoarthritis showed that 
lubricin retards cartilage degeneration, enhances carti-

lage repair and reduces chondrocyte apoptosis [3]. Lu-
bricin levels were also diminished in synovial fluid of 
inflammatory arthritis [4]. Besides the lubricating role,  
it was previously proposed that the sulfated oligosac-
charide epitopes on lubricin could be part of the L-se-
lectin ligand, responsible for recruitment of leucocytes  
to inflammatory sites [5]. 

Furthermore, lubricin was recently suggested to act 
as an antagonist for Toll like receptor (TLR) 2 and TLR4, 
preventing its activation in inflammatory arthritis [6]. 
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Moreover, a recent study proposed a new mechanism of 
lubricin, including inhibition of interleukin 1β (IL-1β) and 
tumor necrosis factor-α (TNF-α) via CD44 binding [7].

Juvenile idiopathic arthritis (JIA) is a heterogeneous 
group of chronic arthritides with an unknown origin 
in children aged below 16 years. It is characterized by 
chronic inflammation of joints, including synovial in-
flammation, and may result in cartilage destruction 
[8, 9]. A heterogeneous genetic susceptibility, environ-
mental triggers, including infections and trauma, and 
alterations in immunologic self-tolerance were the main 
pathogenetic mechanism in JIA [9]. 

The management of JIA includes pharmacological 
intervention, physical/occupational therapy, and psycho-
social support. With the improvements in anti-inflamma-
tory medications, particularly biological agents, preven-
tion of the joint from cartilage destruction and relevant 
damage became the major aim of JIA treatment [9].

In the view of the recently proposed anti-inflamma-
tory effects of lubricin, we aimed to investigate serum 
lubricin levels in JIA patients according to the presence 
of active disease or remission.

Materials and methods
Patient selection 

This cross-sectional study included JIA patients with 
at least 12-month follow-up duration. Patients were 
enrolled in the study between July 2019 and November 
2019. All patients were classified as having JIA according 
to the International League of Associations for Rheu-
matology criteria [10]. The control group consisted of  
28 healthy children aged 6–18 years, and admitted to the 
pediatrics outpatient clinic for routine follow-up visits. 

The local ethics committee of our medical school ap-
proved the present study (date: 14 June 2019, number: 
89/6).

Data collection

The demographic features including age and gender 
and JIA subtypes were retrospectively collected from the 
medical files of the patients. Erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) were obtained 

at the study enrollment. The patients were separated 
into two groups according to the presence of remission 
at the time of study, based on the American College of 
Rheumatology provisional criteria for clinically inactive 
disease [11]. 

Serum samples were obtained at the study enroll-
ment, and serum lubricin levels were measured once. 
The lubricin levels were compared between JIA patients 
and healthy controls, and also between JIA patients with 
active disease and remission.

Serum lubricin analysis

Serum was collected from the blood samples taken 
from the patients, and centrifugated at 2500 rpm for  
5 minutes. The enzyme-linked immunosorbent assay 
(ELISA) method and a PRG4/Lubricin ELISA kit (USCN, 
Wuhan) were used for protein analysis. ELISA plates 
were read by BIOTEK 800 TS.

Statistical analysis

Statistical tests were performed by SPSS 20.0 sta-
tistical software (IBM SPSS Statistics). Categorical 
variables were indicated as numbers and percentages. 
Continuous variables were summarized as mean and 
standard deviation or median and minimum-maximum 
after their distributions were checked. The χ2 test and 
Student’s t-test were utilized for comparison of two cat-
egorical and parametric continuous variables, respec-
tively. Also, non-parametric continuous variables were 
compared between three groups with the Kruskal-Wallis 
test. The significance level of the p-value was consid-
ered to be 0.05.

Results
The study included 52 JIA patients and 28 healthy 

controls. The demographic features were statistically 
similar between patients and the control group (Table I). 
Of these JIA patients, 34 (65.4%) had active disease and 
18 (34.6%) were in off-treatment remission. Of 34 pa-
tients with active disease, 14 were receiving only metho-
trexate, and 20 patients were receiving both methotrex-
ate and a biological disease modifying antirheumatic 
drug at the time of the study. Nineteen patients (38.5%) 
had oligoarticular JIA, 10 (19.2%) had polyarticular JIA,  
7 (13.5%) had systemic JIA, 13 (25%) had enthesitis-re-
lated arthritis and 3 (5.8%) had psoriatic arthritis.  
JIA subsets did not statistically differ between patients 
with active disease and remission (p = 0.388).

Serum lubricin levels did not differ between JIA patients 
(median: 0.66 ng/μl, range: 0.02–3.85 ng/μl) and healthy 
controls (median: 0.51 ng/μl, range: 0.06–3.85 ng/μl). 
However, it was statistically significantly higher in pa-

Table I. Demographic characteristics of patients with 
juvenile idiopathic arthritis and healthy controls

Parameters JIA 
(n = 52)

Control group 
(n = 28)

p

Gender (female) [n (%)] 28 (54.9) 18 (64.3) 0.419

Age (mean ±SD) 11.66 ±4.41 12.72 ±4.52 0.328

JIA – juvenile idiopathic arthritis, SD – standard deviation, p-values 
below 0.05 are significant.
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tients with active disease than both patients in remission 
and healthy controls (Table II). Figure 1 demonstrates the 
comparison of the serum lubricin distribution between 
the groups. Unfortunately, we could not find any correla-
tion between the number of active joints and the level of 
serum lubricin (r = –0.088, p = 0.559).

We also compared current laboratory parameters 
and serum lubricin levels, and found a low degree pos-
itive correlation between serum lubricin levels and ESR 
(r = 0.383 and p = 0.011) but not with CRP (r = 0.265,  
p = 0.086). 

Discussion
In our study, although serum lubricin levels were sim-

ilar between overall JIA patients and controls, we found 
significantly elevated serum lubricin levels in active JIA 
patients, compared to the JIA patients in remission and 
healthy controls. 

This is the first study investigating a possible anti-in-
flammatory role of lubricin in JIA patients. Although this 
is a preliminary study, in which lubricin was studied in 
only serum samples, we speculate that lubricin might 
be oversecreted from the synovial tissue in the inflam-
matory state of JIA. However, we did not identify any 
correlation between the number active joints and serum 
lubricin levels.

A complete lack of lubricin, resulting from homozy-
gous PRG4 gene mutations, is the main cause of arthrop-
athy in camptodactyly-arthropathy-coxa vara-pericarditis 
syndrome, which usually resembles JIA in childhood. Mis-
diagnosis of patients clinically, before diagnosis with ge-
netic analysis, may be due to the fact that some patients 
also demonstrate inflammatory signs of arthritis [12, 13].

Previous studies investigated the pathogenetic roles 
of other proteins derived from synovial tissues in JIA 
patients. Kamphuis et al. [14] suggested that T-cells of 
JIA patients responded to self-epitopes derived from 
aggrecan, fibrillin, and matrix metalloproteinase 3. Deg-
radation of aggrecan, a PRG expressed mainly by chon-
drocytes, was also linked to the active phase of JIA in 
a previous study [15]. Another study showed increased 
plasma keratan sulphate levels in JIA patients, which de-
creased after treatment [16]. 

One-third of the dry weight of the cartilage matrix 
is formed by PRGs, of which the majority is aggrecan, 

while others are decorin, biglycan, fibromodulin, lumi-
can and PRG100 [17]. The strength of the cartilage was 
suggested to be determined by the aggregation of ag-
grecan with hyaluronic acid [17, 18]. The hyaluronic 
acid was elevated in systemic and polyarticular JİA in 
a former study [19]. Similarly, there are no other stud-
ies investigating the participation of alterations of other 
PRGs in JIA pathogenesis. 

Moreover, lubricin was not also previously investi-
gated in JIA patients, and not linked to a pathogenetic 
role different from other PRGs, and we speculate that 
the involvement of lubricin in JIA pathogenesis may be 
overlooked so far. 

Contrary to the lubricating function of lubricin, its 
role in inflammatory pathways could not be clarified yet. 
Former studies hypothesized that lubricin acts a buffer 
in the inflammatory response, via TLRs and CD44 bind-
ing [6, 7, 20]. However, a recent study suggested that 
lubricin plays a role in neutrophil recruitment to the in-
flamed joint in an L-selectin-dependent and -indepen-
dent manner [21]. There is only one existing study which 
has investigated serum lubricin levels, instead of synovi-
al fluid, in an inflammatory disease. In that study, serum 
lubricin levels were investigated among 30 rheumatoid 
arthritis (RA) patients, and no difference between serum 
lubricin levels of RA patients and control subjects was 
found. The authors reported a median serum lubricin 
level of 0.9 (range: 0.5–1.4 ng/μl), comparable to our 

Table II. Comparison of serum lubricin levels between juvenile idiopathic arthritis patients with active disease, 
remission and healthy controls

Parameter JIA with active disease 
(n = 18)

JIA in remission
(n = 34)

Control group 
(n = 28)

p

Serum lubricin (ng/μl), median (range) 1.58 (0.08–3.85) 0.57 (0.02–3.57) 0.52 (0.06–3.84) 0.009

JIA – juvenile idiopathic arthritis, significant p-values (< 0.05) are given in bold.

Fig. 1. Distribution of serum lubricin levels of  
juvenile idiopathic arthritis patients during  
active disease, remission and healthy controls
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study. The same study found a low-degree negative cor-
relation between serum lubricin levels and CRP [22]. 

In contrast, our study showed elevated serum lu-
bricin levels in active JIA disease compared to JIA in 
remission and healthy controls. Although there was no 
correlation between serum lubricin levels and CRP, we 
found a low-degree positive correlation between ESR 
and serum lubricin levels. These conflicting results can 
only be clarified by further studies on this topic.

Study limitations

Our study has some limitations, including the lack 
of prospective design, limited number of different JIA 
subtypes, and tissue levels of lubricin with inflammatory 
cytokines, particularly IL-1β, IL-6 and TNF-α. From the 
results of our study, we cannot be sure if serum lubricin 
levels reflect the synovial fluid or tissue levels and interact 
with inflammatory cytokines. Moreover, all patients with 
active disease were under treatment, thus raising the 
question whether lubricin levels could be affected by anti-
rheumatic medications. Nonetheless, we believe that this 
preliminary study will precede further work clarifying the 
role of lubricin in inflammatory conditions, particularly JIA. 

These issues can be clarified with further longitudi-
nal studies comparing lubricin along with inflammato-
ry cytokines in the synovial biopsies of the same study 
samples in both active and treatment-naïve and remis-
sion states.

Conclusions

This is the first study investigating serum lubricin 
levels in JIA patients, and we found elevated serum lu-
bricin levels in JIA patients with active disease. Its exact 
role as an indicator of disease activity or response to 
treatment should be clarified by further comprehensive 
studies in the future.
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