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Background. Inflammation plays a crucial role in the development and progression of osteoarthritis (OA). Interleukin-15 (IL-15)
is a well-known proinflammatory cytokine. Objective. We aimed at evaluating the relationship between serum IL-15 levels and
the severity of pain as well as radiographic progression in patients with knee OA. Methods. Two hundred and twenty-six OA
patients and 106 controls were enrolled in this study. The symptomatic/radiological severity of OA was assessed by the Western
Ontario McMaster University Osteoarthritis Index- (WOMAC-)pain scores/Kellgren-Lawrence (KL) grading system. Serum IL-15
levels were measured by enzyme-linked immunosorbent assay (ELISA). Results. Serum IL-15 levels were significantly higher in OA
patients compared with controls. Serum IL-15 levels were independently and positively correlated with WOMAC-pain scores but
not KL grades in OA patients. Conclusions.We demonstrated that increased serum IL-15 levels were independently correlated with
self-reported greater pain in knee OA patients. These results suggest that IL-15 might play a crucial role in the pathogenesis of OA
related pain and therapeutic interventions by blocking IL-15 signaling pathways to delay the degenerative process of OA related
pain which warrants further investigations.

1. Introduction

Osteoarthritis (OA) is the most widespread joint-affecting
disease characterized by articular cartilage degeneration,
subchondral sclerosis, osteophyte formation, and synovial
inflammation [1]. As a part of the ageing process, OA is
the most common arthritis of the elderly and may lead to
severe symptoms like pain, malformation of the joint, and
disability [2]. All joints may be affected, but the knee is the
most clinically significant site of primaryOA involvement [3].

Since the pain sensation is the primary complaint that
leads to physical functional limitations and reduced quality of
life in patients with knee OA, there has been a long-standing
need for identification of reliable biomarkers in order to
facilitate the design of proper therapies directed at underlying
mechanisms of knee pain. Although the exact mechanism of
knee pain in OA disease is unclear, it is now well appreci-
ated that inflammatory molecules, such as proinflammatory
cytokines, are among the critical mediators of the disturbed

processes implicated in pain-related pathophysiology [4].
Therefore, inflammatory molecules hold the potential to be
assessed as pain-related biomarkers owing to the inflamma-
tory nature of the disease.

Interleukin-15 (IL-15), initially described as a T cell
growth factor, is a 14-15 kDa innate response cytokine that
regulates T and natural killer (NK) cell activation and prolif-
eration [5]. As a proinflammatory cytokine, IL-15 is believed
to be implicated in pathophysiology of arthritis through
multiplemechanisms, especially for patientswith rheumatoid
arthritis (RA) [6]. Blockade of IL-15 has been met with ther-
apeutic success in RA patients [7]. However, the relationship
between circulating IL-15 levels and the severity of knee pain
in OA patients has not been assessed until now. Addition-
ally, a previous study demonstrated an association between
radiographic features of knee OA and pain [8].Therefore, the
present study is aimed at evaluating the relationship between
circulating IL-15 levels and the severity of pain as well as
radiographic progression in patients with knee OA.
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2. Materials and Methods

2.1. Study Subjects. From April 2010 to November 2012, 226
patients with primary knee OA who visited our hospital
were recruited. Knee OA was diagnosed according to the
American College of Rheumatology revised criteria for OA.
One hundred and six age and sex matched volunteers who
visited our hospital for routine physical examination were
enrolled as controls. Participants were excluded on the
base of having RA, posttraumatic arthritis, previous joint
infection, crystal deposition arthritis, enteropathic arthritis,
hemophilic arthropathy, systemic inflammatory or autoim-
mune disorders, malignant disease, advanced renal disease,
andhistories of corticosteroidsmedication.Written informed
consentwas obtained fromall subjects, and the study protocol
was approved by the ethics committee of our hospital.

2.2. Pain Evaluation. The pain severity of each patient was
evaluated according to the Western Ontario McMaster Uni-
versity Osteoarthritis Index- (WOMAC-) pain scores. The
WOMAC-pain score consists of 5 questions that assess a
patient’s level of pain as it is related to functional activities
[9]. These activities include walking on a flat surface, going
up or down stairs, at night while in bed, sitting or lying,
and standing upright. The responses were scored with the
use of a 0–4 rating scale, where 0 represents no pain and a
higher score represents greater pain.The totalWOMAC-pain
score is the sum of each response score. The total range of
possible WOMAC-pain score is from 0 to 20. This scale is
very widely used, and the reliability and validity have been
well established in OA population [9].

2.3. Radiographic Grading of OA. The anteroposterior radio-
graphs of the affected joints were obtained to evaluate
radiographic severity of OA using the Kellgren and Lawrence
(KL) classification as follows: grade 1, questionable narrowing
of joint space and possible osteophytic lipping; grade 2,
definite osteophytes and possible narrowing of joint space;
grade 3,moderatemultiple osteophytes, definite narrowing of
joints space, some sclerosis, and possible deformity of bone
contour; grade 4, large osteophytes, marked narrowing of
joint space, severe sclerosis, and definite deformity of bone
contour [10].

2.4. Laboratory Examinations. Blood samples were obtained
from the antecubital vein of all participants in the fasting
state at 7:00 to 7:30AM. After clotting, blood samples were
centrifuged and stored at −80∘C until examination. Serum
IL-15 levels were measured using commercially available
sandwich enzyme-linked immunosorbent assay (ELISA) kits
(R&D Systems, CA, USA) according to the manufacturer’s
protocol.The intra-assay CV and interassay CV of the ELISA
kits were <5% and <10%, respectively. The recovery of spiked
standard in serum was 98%. All the samples were routinely
analyzed by ELISA in triplicate, and the results were averaged.

2.5. Statistical Analysis. The normality of continuous vari-
ables was assessed using the Kolmogorov-Smirnov test. Con-
tinuous data were expressed as mean value ± SD or median

(interquartile range), while categorical data are presented as
𝑛 (percentages). Differences between the two groups were
analyzed using unpaired t-test, Mann-Whitney U test, or
Chi-square test as indicated. Differences among groups were
analyzed by one-way analysis of variance (ANOVA) followed
by Tukey post hoc analysis, Kruskal-Wallis analysis, or Chi-
square test when appropriate. Spearman coefficients were
performed to assess the correlation between serum IL-15
levels and KL grades/WOMAC-pain scores. Multivariate
linear regression modeling was used to evaluate the indepen-
dent predictors of WOMAC-pain scores. Statistical analyses
were performed by using the Statistical Package for Social
Sciences (SPSS 16.0 for windows; SPSS Inc., Chicago, IL,
USA). Differences were considered statistically significant at
a 𝑃 value of <0.05.

3. Results

3.1. Baseline Clinical Characteristics. The baseline clinical
data of the controls andOApatientswere presented inTable 1.
The controls and OA patients were similar with regard to age,
proportion of sexes, and body mass index (BMI) (𝑃 > 0.05).
There was also no significant difference in baseline clinical
characteristics across categories of OA radiographic severity
(based on KL classification) (𝑃 > 0.05).

3.2. Serum IL-15 Levels. As shown in Table 1, OA patients had
significantly elevated serum IL-15 levels when compared to
controls (6.04 (range 4.82 to 8.96) pg/mL versus 2.17 (range
1.53–3.37) pg/mL, 𝑃 < 0.01). In OA patients, serum IL-
15 levels were analyzed according to the KL classification.
Kruskal-Wallis analysis demonstrated that serum IL-15 levels
tended to be lower with the increment of KL grade, though
the difference did not reach statistically significant (Table 1).

3.3. Correlation of Serum IL-15 Levels with WOMAC-Pain
Scores and KL Grades. The median (interquartile range) of
WOMAC-pain scores in OA patients is 11 (range 8 to 18),
which is in accordance with the range of WOMAC-pain
scores in other Chinese OA populations reported in the liter-
ature [11]. We showed that serum IL-15 levels were positively
correlated with WOMAC-pain scores in OA patients (𝑟 =
0.279, 𝑃 < 0.001; Figure 1). Multivariate linear regression
analysis revealed that the correlation between serum IL-
15 levels and WOMAC-pain scores was independent after
controlling the influence of age, gender, and BMI (𝛽: 0.339,
𝑡 = 5.283, and 𝑃 < 0.001). However, serum IL-15 levels were
not significantly associated with KL grades in OA patients
(𝑟 = −0.116, 𝑃 = 0.081). In addition, there was also no
significant correlation betweenWOMAC-pain scores and KL
grades in OA patients (𝑟 = 0.115, 𝑃 = 0.085).

4. Discussion

The present study examined the relationship between serum
IL-15 levels and pain scale scores and radiographic severity
in patients with knee OA. We demonstrated for the first time
that serum IL-15 levels were independently associated with
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Table 1: Clinical characteristics and serum IL-15 levels.

Controls OA patients KL grade 2 KL grade 3 KL grade 4
(𝑛 = 106) Total (𝑛 = 226) (𝑛 = 99) (𝑛 = 74) (𝑛 = 53)

Age (years) 63.61 ± 11.15 64.01 ± 9.49 64.64 ± 10.31 63.86 ± 8.53 63.06 ± 9.27

Female (𝑛, %) 61, 57.55% 139, 61.50% 64, 64.65% 45, 60.81% 30, 56.60%
BMI (Kg/mm2) 22.43 ± 2.28 23.10 ± 2.04 23.31 ± 2.24 22.94 ± 1.78 22.96 ± 1.99

IL-15 (pg/mL) 2.17 (1.53–3.37) 6.04 (4.82–8.96) 6.35 (5.09–10.09) 6.00 (4.35–8.47) 5.85 (4.10–7.38)
WOMAC-pain scores 11 (8–18) 10 (9–14) 11 (6–18) 14 (9–18)
All values are expressed as the mean value ± SD or 𝑛 (%). OA: osteoarthritis; KL: Kellgren-Lawrence; BMI: body mass index; IL-15: interleukin-15. ∗𝑃 < 0.01
compared with controls.
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Figure 1: Correlations of serum IL-15 levels with WOMAC-pain
scores, WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index.

the intensity of pain but not radiographic severity in OA
patients. These results indicated that IL-15 may represent a
new potential serum biochemical marker for reflecting the
severity of pain in OA patients.

The identification of novel OA biomarkers could provide
useful diagnostic information by reflecting disease-relevant
biological activity and predicting the course of disease
progression. Besides, reliable biomarkers could assist in
identifying potential targets for therapeutic interventions and
thus facilitate therapeutic decision making. Therefore, the
insights provided by OA related biomarker studies represent
a paradigm shift in the methods of diagnosis and treatment
of OA. There is growing evidence that systemic markers of
inflammation are associated with severity or clinical course
of OA [4]. Therefore, proinflammatory cytokines are being
explored as biomarkers for early OA diagnosis and for
monitoring disease progression.

We demonstrated in this study that serum IL-15 levels
were positively associated with WOMAC-pain scores in
OA patients. This association remained significant after the
adjustment of potential confounders such as age, gender,
and BMI, indicating that OA patients with high serum IL-15

levels may suffer a more severe self-reported pain. Increasing
evidence indicated that chronic inflammation played an
important pathophysiological role in the generation and
maintenance of pain in OA patients [12]. A previous study
by Penninx et al. demonstrated that high concentrations of
inflammatory markers in the serum were associated with
increased pain of OA [13]. IL-15 is a potent proinflammatory
cytokine that plays a major role in the development of
inflammatory and protective immune responses by modulat-
ing immune cells of both the innate and adaptive immune
systems [14]. IL-15 promotes the production of inflammatory
cytokines such as tumor necrosis factor-𝛼 (TNF-𝛼) and
interleukin- (IL-) 6 in the synovial membrane via effects
on synovial T cells [7, 15]. These inflammatory cytokines
have been reported to contribute to OA pain by increasing
cartilage degradation and inducing hyperalgesia via a number
of direct and indirect actions [16]. Therefore, the proinflam-
matory role of IL-15 might explain the relationship between
serum IL-15 levels and the severity of OA pain observed
in our study. However, the correlation between serum IL-15
levels and WOMAC-pain scores was weak, and its clinical
significance is yet to be further investigated.

There is a general opinion that an association exists
between radiographic features of OA and knee pain [8].
However, many researchers believed that the association is
modest [17, 18]. Many patients with advanced radiographic
OA have no pain and a fair proportion of patients with
severe knee pain show no radiographic features of OA [19].
We also investigated the relationship between serum IL-
15 levels and radiographic features of OA in this study.
We found that serum IL-15 levels were not significantly
correlated with radiographic grading of OA. In addition,
serum IL-15 levels seemed to be lower with the increasing
radiographic severity of knee OA, though the difference was
not statistically significant. These results were in accordance
with two recent studies. Ling et al. suggested that serum IL-
15 levels were associated with both established disease and
new development of knee and hand OA [20]. Scanzello et
al. further demonstrated that IL-15 concentrations in synovial
fluid (SF) of early kneeOApatientswere significantly elevated
when compared to end-stage OA patients [21]. All these
results revealed that the pathophysiological role of IL-15 in
promoting progressive cartilage loss might be more active in
early stage of OA. However, further studies are needed to
clearly delineate molecular pathways which IL-15 activation
may have in the pathophysiology of OA.
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The limitations of this study should be taken into account
when interpreting our results. Firstly, this study was cross-
sectional with a relatively small number of Chinese patients.
Therefore, further prospective longitudinal studies with a
larger population and a wider range of race are needed to
verify our findings. Secondly, we only measured IL-15 levels
in serum samples of OA patients; the detection of IL-15
expression in SF and synovial membrane of OA patients
might reveal more valuable information on the potential
pathophysiological role of IL-15. Thirdly, OA knee pain
includes many types of pain, such as night pain, rest pain,
and activity-related pain. Our study focused only on a 0–4
rating pain scale in a limited number of patients during a
short period. Fourthly, only serum IL-15 levelswere examined
in our study. Additional studies on the investigation of other
inflammatory biomarkers (e.g., C-reactive protein and IL-
1) can provide more valuable information on the disease-
promoting role of IL-15 signaling pathways inOA related pain
and to truly appreciate IL-15 uniqueness.

To summarize, the present study demonstrated that
increased serum IL-15 levels were independently correlated
with self-reported greater pain in knee OA patients. The
results suggest that IL-15 might play a crucial role in the
pathogenesis of OA related pain and therapeutic interven-
tions by blocking IL-15 signaling pathways to delay the
degenerative process of OA related pain which warrants
further investigations.
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