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Abstract

Objective. The CC chemokine family member eotaxin-1, also named chemokine C-C motif ligand |1 (CCLII), has been
detected in knee osteoarthritis (OA) and could induce breakdown of cartilage matrix. This study was performed to
investigate the plasma and synovial fluid eotaxin-| levels with the disease progression in elderly Han Chinese with primary
knee OA. Design. A total of 143 elderly primary knee OA patients and |35 healthy controls were enrolled in the study. The
Western Ontario and McMaster Universities Arthritis Index (WOMAC) was performed to evaluate the clinical severity.
The radiographic severity was assessed by Kellgren-Lawrence (K-L) grading. Plasma and synovial fluid (SF) eotaxin-|
levels were explored using enzyme-linked immunosorbent assay. The SF levels of matrix metalloproteinase-3 (MMP-3)
and interleukin-6 (IL-6) were also examined. Results. Elevated plasma eotaxin-| levels were found in knee OA patients
compared with healthy controls. Eotaxin-| levels in SF of knee OA patients with K-L grade 4 were significantly elevated
compared with those with K-L grades 2 and 3. Meanwhile, knee OA patients with K-L grade 3 had significantly increased
SF levels of eotaxin-1 compared with those with K-L grade 2. Plasma eotaxin-| levels in different K-L grading did not
reach significant difference. Eotaxin-| levels in SF of knee OA patients were significantly associated with disease severity
evaluated by KL grading criteria. In addition, eotaxin-| levels in SF were positively related to clinical severity illustrated
by WOMAC as well as biochemical markers MMP-3 and IL-6. Conclusions. Eotaxin-| levels in SF instead of plasma, were
independently and positively related to the disease severity in elderly knee OA patients. The inhibition of eotaxin-1 and its
related signaling pathways may serve as a novel therapeutic approach for OA progression.
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X-ray, magnetic resonance imaging, etc.).* However, these
radiographic measures are late-stage indicators of disease,
and studies using these outcomes become lengthy and
costly because they require follow-up times that extend
over many years.” Therefore, a more simple, noninvasive
method for early diagnosis of knee OA is urgently needed.
Biochemical markers of joint metabolism require only
blood or synovial fluid collection and thus can be assessed

Introduction

Osteoarthritis (OA) is a chronic joint disease characterized
by progressive damage of articular cartilage, sclerosis of
subchondral bone, and secondary synovial inflammation.’
The pathophysiology of knee OA is complex, and the prob-
ability of developing OA increases with age. The preva-
lence of knee OA is 9%, increasing to 30% in individuals
older than 60 years, and 90% at the age between 70 and 74
years.” Till the present, OA has been identified as 1 of the 5
diseases responsible for the greatest proportion of physical
disability in noninstitutionalized elderly men and women.
Together, disability and cost of treatment such as pain medi-
cation and total knee replacement surgery represent a great
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economic burden.’ OA occurs mainly in weightbearing
joints, and the knee is the most frequently involved joint site
in OA.? So far, diagnosis of OA depends on patient-reported
pain and disability, followed by imaging (usually plain
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more quickly and at a lower cost than radiographic or mag-
netic resonance imaging methods. In addition, application
of biomarkers may be more sensitive for detecting the
development and progression of OA than current imaging
methods,® particularly at early “molecular” stages of the
disease.’

Chemokines are composed of a family of small heparin
binding cytokines, originally identified by their chemotac-
tic activity.® So far, 4 subfamilies of chemokines have been
identified according to the juxtaposition of cysteine resi-
dues in the protein’s N-terminus. These families have been
named C, C-C, C-X-C, and C-X3-C. Among them, the C-C
and C-X-C chemokines represent 2 major subgroups. There
is accumulating evidence suggesting the involvement of
chemokines and their receptors in OA.'” In addition, che-
mokines and chemokine receptors are expressed by chon-
drocytes and, as mentioned earlier, interaction between
chemokine receptors and their ligands may cause matrix
metalloproteinase—3 (MMP-3) induction, a key cartilage
damage marker, in chondrocytes as well as a major cause of
cartilage deterioration.""

The chemokine CCL11, also known as eotaxin (eotaxin-1
is used as alternative name in this article), was first identi-
fied in the peripheral immune system as a potent eosinophil
chemoattractant that is produced by a variety of cell types.'
CCLI11 binds to the chemokine receptors CCR2, CCR3, and
CCRS5, with highest affinity to CCR3"*'* High levels of
CCL11 have been described in several chronic inflamma-
tory diseases, such as atopic dermatitis,"’ gastrointestinal
disease,'® and rheumatoid arthritis.'” In recent years, the
role of eotaxin-1 in knee OA has been investigated. Hsu
et al."® found that eotaxin-1 was produced in cytokine-acti-
vated chondrocytes. Further stimulation with eotaxin-1
could upregulate its receptor CCR3, CCRS5 as well as
MMP-3 and MMP-13, which are related to joint inflamma-
tion and cartilage breakdown.'® Meanwhile, pretreatment of
anti-eotaxin-1 antibody significantly decreased the MMP-3
expression induced by interleukin-1p (IL-1B)."* In another
study, Chao er al."’ discovered that eotaxin-1 not only
induces MMP-3 gene expression but also promotes MMP-3
protein secretion through G protein—coupled eotaxin-1
receptor activities. One recent report shows that OA fibro-
blast-like synoviocytes express CCR3 and respond to
eotaxin-1 with production of catabolic proteases.”’

All the previous works suggest that eotaxin-1 may play
an important role in the pathogenesis and progression of
knee OA. However, there are no studies available investi-
gating the relationship between eotaxin-1 levels and disease
severity of knee OA. Therefore, the scope of our study was
to explore whether circulating and SF eotaxin-1 levels are
altered in knee OA patients. We further intensively examine
the correlation of the concentrations of plasma and SF
eotaxin-1 with the radiographic progression as well as the
symptomatic severity in elderly knee OA patients.

Methods

Study Subjects

From May 2016 to July 2017, 143 patients older than 60
years diagnosed with primary knee OA according to 1986
classification of osteoarthritis of knee were enrolled in the
current study.”’ Meanwhile, 135 age- and sex-matched
healthy volunteers receiving regular body check at the
Department of Physical Examination were selected as
healthy controls (HCs). The exclusive criteria were as fol-
lows: inflammatory knee disease, rheumatoid arthritis,
malignant tumors, systemic diseases, autoimmune diseases,
and corticosteroids treatment during the past 3 months. The
protocol of this study was approved by our Ethical
Committee. Written informed consents were taken from all
the subjects at the time of enlistment.

Statistical Power Analysis

Statistical analyses were carried out using GraphPad Prism
6.0 (GraphPad Software Inc., San Diego, CA, USA). Data
are presented as mean * standard deviation or median
(interquartile range). The Kolmogorov-Smirnov test was
used to analyze normal distribution. The statistical signifi-
cance between the 2 groups was determined by the Student
¢ test or Mann-Whitney U test, and the statistical signifi-
cance between 3 or more groups was determined with
I-way analysis of variance or Kruskal-Wallis test.
Bartlett’s test was used to test the homogeneity of group
variances, followed with Tukey or Tamhane post hoc tests,
where appropriate. Statistical significance of the correla-
tion of eotaxin-1 levels in plasma and SF with disease
severity was determined using Pearson or Spearman anal-
ysis. The multivariate statistical analysis was performed to
determine the overall effect of independent factors on SF
or plasma eotaxin-1 levels. All tests were 2-sided and P
values less than 0.05 were considered to be statistically
significant.

Statistical Power Calculation

The post hoc statistical power (1 — f) calculation was per-
formed by PASS (Power Analysis and Sample Size) 2008
Statistical Software (Kaysville, UT, USA). The formula
below was carried out on the basis of the obtained data of
different mean eotaxin-1 concentrations, standard error, and
number of patients enrolled in each group.”” Statistical
power was regarded strong when >0.8. The formula is

B=¢(z—2z ,,) +¢(-z2—2z_,,),

1
o 141 ®
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Radiographic Assessment

Anteroposterior extended-view weightbearing radio-
graphs of the knees were carryout out for each patient.
The radiographic progression was determined using the
Kellgren-Lawrence (K-L) scale. K-L grading scale: grade
1, doubtful narrowing of joint space and possible osteo-
phytic lipping; grade 2, definite osteophytes and possible
narrowing of joint space; grade 3, moderate multiple
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.”
The results were read by 2 experienced radiologists who
were blinded to the pairing or clinical information. The
grade used for analysis was the higher of the 2 knees. The
kappa value was calculated for intraobserver agreement
for side-by-side readings.

Clinical Severity Assessment

The Western Ontario and McMaster Universities Arthritis
Index (WOMAC) was used for the clinical evaluation of
pain and function of knee OA, respectively. The WOMAC
OA index is a health status scale evaluating the deficiency
related to the condition in knee and/or hip osteoarthritis.**
The WOMAC index is a scale of 24 items in 3 sections.
Pain is evaluated in the first section with 5 items, stiffness
in the second section with 2 items, and physical function in
the third section with 17 items. A 10-point scale is used in
the scoring of the items. The total WOMAC score is
obtained as the sum of the scores of each section. High
WOMAC scores show increased pain and stiffness as well
as disruption in physical function. Its validity and reliability
have been evaluated in previous studies.”>°

Laboratory Examination

For plasma sample, 10 mL aliquot of blood was obtained
from all participants directly into sodium citrate tubes at
fasting time at 8:00 a.m. Synovial fluid was collected
from each patient via arthrocentesis immediately before
the first injection in the current course of sodium hyaluro-
nate treatment or before a scheduled operation. All SF
and blood samples were immediately centrifuged, ali-
quoted and stored at —80°C until use. Double-blind quan-
titative detection of eotaxin-1 in plasma and synovial
fluid was performed by sandwich enzyme-linked immu-
nosorbent assays (ELISA) using commercially available
test kits in accordance to the manufacturer’s protocol
(Abcam, Cambridge, UK). The intra-assay variation of
the method was 4.4% and the interassay variation was
8.8%. The detection range was 0.41 to 300 pg/mL. SF
MMP-3 and IL-6 levels were also examined (R&D

Systems, Minneapolis, MN, USA). The manufacturer-
reported intra-assay precision was 5.7% to 6.4% for
MMP-3 and 1.6% to 4.2% for IL-6, whereas interassay
precision was 7.9% to 8.6% for MMP-3 and 3.3% to 6.4%
for IL-6. The sensitivity of these assays was 0.045 ng/mL
for MMP-3 and 0.7 pg/mL for IL-6.

Statistical Analysis

Statistical analyses were carried out using GraphPad Prism
6.0 (GraphPad Software Inc., San Diego, CA, USA). Data
are presented as mean =+ standard deviation or median
(interquartile range). The Kolmogorov-Smirnov test was
used to analyze normal distribution. The statistical signifi-
cance between the 2 groups was determined by the Student
t test or Mann-Whitney U test, and the statistical signifi-
cance between 3 or more groups was determined with the
I-way analysis of variance or Kruskal-Wallis test.
Statistical significance of the correlation of eotaxin-1 lev-
els in plasma and SF with disease severity was determined
using Pearson or Spearman analysis. All tests were 2-sided
and P values less than 0.05 were considered to be statisti-
cally significant.

Results

Basic Clinical Data

As displayed in Table 1, No significant differences were
found in age, sex, and body mass index (BMI) between
patients with elderly knee OA and healthy control. OA
patients had higher plasma eotaxin-1 concentrations than in
healthy controls (143.3 =31.9 vs. 102.5 + 25.7 pg/mL, P <
0.001) (Fig. 1A). Eotaxin-1 level in plasma was signifi-
cantly higher than in paired SF samples (143.3 + 31.9 vs.
87.8 £ 18.3 pg/mL, P <0.001) (Fig. 1B). The post hoc sta-
tistical analysis showed that the statistical power was nearly
1.0 following calculation (Fig. 2).

Association of Eotaxin-1 Levels With
Radiographic Severity

The characteristics of the OA subgroups on the basis of
K-L classification are depicted in Table 1. Collectively, 50
patients were K-L grade 2, 52 patients were K-L grade 3,
and 41 patients were K-L grade 4 OA. The SF eotaxin-1
concentrations in knee OA patients with K-L grade 4 were
significantly elevated compared with those with K-L
grades 3 and 2 (97.2 + 16.0 vs. 87.5 £ 18.9 pg/mL, P <
0.001; 97.2 = 16.0 vs. 80.4 + 16.3 pg/mL, P < 0.001). In
addition, knee OA patients with K-L grade 3 had higher SF
concentrations of eotaxin-1 compared with those with K-L
grade 2 (87.5 = 18.9 vs. 80.4 + 16.3 pg/mL, P = 0.045)
(Fig. 3A). SF eotaxin-1 levels were positively associated



Li et al.

411

Table I. Basic Clinical Data.

OA Patients (n = 143),

Healthy Controls (n = 135),

Mean + SD Mean = SD P
Age (years) 65834 66.1 £ 3.6 0.577
Sex (female/male), n 80/63 77158 0.854
BMI (kg/m?) 243 +27 235+24 0.239
WOMAC pain score 9532 —
WOMAC stiffness score 41 %14 —
WOMAC physical function score 346 £9.6 —
WOMAC total score 485+ 11.9 —
K-L grading(2/3/4), n 50/52/41 —
Plasma eotaxin-1 levels (pg/mL) 143.3 £31.9 102.5 £ 25.7 <0.001
SF eotaxin-| levels (pg/mL) 878+ 183 —

BMI = body mass index; K-L = Kellgren-Lawrence; OA = osteoarthritis; SD = standard deviation; SF = synovial fluid; WOMAC = Western Ontario and

McMaster Universities Arthritis Index.
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Figure |. (A) Comparison of plasma eotaxin-| levels between knee osteoarthritis (OA) patients and healthy controls. (B)

Comparison of eotaxin-| levels between plasma and synovial fluid (SF) in knee OA patients.

with K-L grades (»=0.363, P <0.001) (Fig. 3A and Table
2). However, there were no significant differences between
plasma eotaxin-1 levels in different K-L grades (Fig. 3B).
Moreover, no significant differences in the plasma levels
of eotaxin-1 were found among patients with different K-L
grades (Fig. 3B).

Association of SF Eotaxin-1 Levels With Clinical
Severity

SF eotaxin-1 levels were positively related to WOMAC
pain score (r = 0.433, P <0.001) (Fig. 4A and Table 2),
WOMAC function scores (r = 0.420, P < 0.001) (Fig.
4B), and WOMAC total score (» = 0.395, P < 0.001)
(Fig. 4D). However, relationship between SF eotaxin-1
and WOMAC stiffness scores did not achieve statistical
significance (» = 0.095, P > 0.05) (Fig. 4C). Multivariate
linear regression showed that eotaxin-1 could serve as an
independent factor for assess K-L grades and clinical
severity (Table 3).
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Figure 2. Post hoc statistical power calculated by mean

eotaxin-| concentrations, standard error, and sample size.
Statistic power: Green line for 0.9, purple line for 1.0, and blue

line for 0.7.
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Figure 3. (A) Comparison of synovial fluid (SF) eotaxin-| levels among different Kellgren-Lawrence (K-L) grades in knee
osteoarthritis (OA) patients. and correlation of SF eotaxin-1 levels with K-L grades in knee OA patients. (B) Comparison of plasma
eotaxin-| among different K-L grades in knee OA patients and correlation of plasma eotaxin-1 levels with K-L grades in knee OA

patients.

Table 2. Correlation of SF Eotaxin-1 Levels With K-L Grade, WOMAC Index, and Biochemical Factors in Elderly Knee OA Patients

Adjusted by Age and BMI.

SF Eotaxin-| Levels (pg/mL)

SF Eotaxin-1 Levels (pg/mL)*

Variables r P r P
BMI 0.092 >0.05 — —
Age 0.144 >0.05 — —
K-L grade 0.363 <0.001 0.310 0.009
WOMAC pain index 0.433 <0.001 0.378 <0.001
WOMAC stiffness index >0.05 >0.05 — —
WOMAC function index 0.430 <0.001 0.365 <0.001
WOMAC total index 0.395 <0.001 0.332 0.005
SF IL-6 levels 0.382 <0.001 0.327 0.004
SF MMP-3 levels 0.395 <0.001 0.334 0.005

BMI = body mass index; IL-6 = interleukin-6; K-L = Kellgren-Lawrence; MMP-3 = matrix metalloproteinase—3; OA = osteoarthritis; SD = standard
deviation; SF = synovial fluid; WOMAC = Western Ontario and McMaster Universities Arthritis Index.

*Adjusted by age and BMI.

Association of SF Eotaxin-| Levels With
Biochemical Indices

To further explore the role of eotaxin-1 in the pathogenesis
in OA progression, we last examined the relationship
between SF eotaxin-1 levels and cartilage breakdown
marker MMP-3 as well as inflammatory factor IL-6.
Interestingly, we found that SF eotaxin-1 levels were posi-
tively associated with IL-6 (» =0.382, P <0.001) (Fig. 5A)
and MMP-3 (r = 0.395, P <0.001) (Fig. 5B) levels.

Discussion

To the best of our knowledge, this is the first study to show
elevated SF eotaxin-1 levels were positively related to the
disease progression of elderly knee OA as evaluated by K-L

grade, WOMAC index, and biochemical factors that are
involved in knee OA pathogenesis, including IL-6 and MMP-
3. These correlations still remain significant after adjusted for
age and BMI. Our findings implicated that SF eotaxin-1 lev-
els may serve as a potential biomarker for knee OA.

A growing body of evidence suggests that development
of OA, even at the early stages, is often accompanied by
inflammation.?” As disease modulators, chemokines exert
in a wide variety of inflammatory and immune responses
via the chemoattractive effects of innate and adaptive
immune cells, participating in the pathogenesis or progres-
sion in various disease.”® In knee OA, chemokines released
by mononuclear cells present in the synovial membrane or
by the chondrocytes themselves can induce an autocrine or
paracrine stimulation, leading to extracellular matrix
degradation.”’
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Figure 4. (A) Correlation of synovial fluid (SF) eotaxin-| levels with Western Ontario and McMaster Universities Arthritis Index
(WOMAQC) pain index in knee osteoarthritis (OA) patients. (B) Correlation of SF eotaxin-| levels with WOMAC stiffness index in
knee OA patients. (C) Correlation of SF eotaxin-1 levels with WOMAC function index in knee OA patients. (D) Correlation of SF

eotaxin-| levels with WOMAC total index in knee OA patients.

Table 3. Multivariate Linear Regression.

WOMAC Function

K-L Grade WOMAC Pain Index Index WOMAC Total Index

B P B B P B P
Age -0.073 0.334 -0.047 0.605 -0.027 0.950 -0.023 0.894
BMI 0.130 0.122 0.116 0.140 0.177 0.088 0.170 0.902
SF eotaxin- | 1.222 0.001 1.154 0.002 1.173 0.002 1.068 0.045

BMI = body mass index; K-L = Kellgren-Lawrence; SF = synovial fluid; WOMAC = Western Ontario and McMaster Universities Arthritis Index.

As one of the most studied chemokines, eotaxin-1 has
been detected in knee OA and identified as a crucial fac-
tor in the development of knee OA along with other
inflammatory cytokines. One previous study has shown
that elevated eotaxin-1 plasma concentrations have been
detected in OA compared with controls,'® which is consis-
tent with our findings. In addition, the authors also
observed that pretreatment with eotaxin-1 upregulate the
surface expression of its corresponding receptor CCR3 on
chondrosarcoma cells and increase the production of
CCR3 mRNA in a dose-dependent manner.'"® We next
observed that SF eotaxin-1 levels were positively related
to K-L grade classification and WOMAC index, and

found knee OA patients with elevated SF eotaxin-1 levels
exhibited severe radiographic changes and higher
WOMAC indices. However, this correlation was not sig-
nificant in plasma, although the correlation was slightly
positive. This phenomenon indicates that knee OA is a
local disease rather than the systematic reaction.

We also found synovial eotaxin-1 levels were posi-
tively associated with MMP-3 and IL-6 levels. MMPs are
a family of structurally related calcium- and zinc-depen-
dent proteolytic enzymes, which play important roles in
the degradation of many different components of extra-
cellular matrix.*® Upregulation of MMPs has been shown
to be involved in the progression of OA.>' During OA,
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chondrocytes in the joint cartilage produce increased
amount of MMPs, causing cartilage destruction.’> Among
the family of MMPs, MMP-3 which is the most widely
studied. MMP-3 could be secreted by fibroblasts, syno-
vial cells, and chondrocytes, performs as a pivotal role in
cartilage destruction: It degrades proteoglycan and colla-
gen types II, IX, and XI* and activates other MMPs.**
Previous studies have shown that in human chondrocyte
cell line, eotaxin-1 could significantly upregulate the
expressions of MMP-3 in a dose-dependent manner, indi-
cating that eotaxin-1 and MMP-3 act as 2 important fac-
tors to damage the cartilage.'™'" In patients with knee
OA, the expression of IL-6 by the synovium is enhanced
by synovitis, which is induced by the degradation of artic-
ular cartilage.”® In chondrocytes and cartilage explants,
IL-6 treatment reduced proteoglycan content with
increased production of MMP-3.%° In addition, blockade
of IL-6 could alleviate experimental arthritis in mice.*
Previous study has shown that IL-6 levels are almost 100-
fold higher in OA SF than in serum in patients with OA*’
and IL-6 was the strongest predictor of severe cartilage
lesions.*®

Our study findings must be interpreted considering study
limitations. First, although the sample size was large enough
to illustrate the results, the current study was carried out only
in our affiliated hospital among Han Chinese Elderly knee OA
patients, our findings should be further identified in multi-
center. Second, we only examined the eotaxin-1 levels in OA
patients; the investigation of other chemokines or inflamma-
tory cytokines would provide more information on the patho-
genesis of chemokines in OA. Third, we did not obtain the SF
fluid in healthy controls because of ethical reasons. Previous
studies have compared SF eotaxin-1 levels between knee OA
and healthy controls. Beekhuizen ef al.*” found SF Eotaxin-1
in knee OA patients were significantly lower than in healthy
controls. Hampel ez al.*’ used a 2 step dot sandwich ELISA

and found that eotaxin-1 levels in knee OA patients were sig-
nificantly lower compared with rheumatoid arthritis patients,
but the authors also did not collect SF samples from healthy
controls.” In another study, eotaxin-1 in knee OA patients did
not reach significance with healthy controls (detailed data
were not shown).*® These different findings may be attributed
to ethnic differences between the studied populations, differ-
ences of enrolled patients as well as different investigative
methods used. In addition, all these works above did not
explore the relationship between eotaxin-1 and disease sever-
ity with knee OA.

In conclusion, the current study has revealed a signifi-
cant increase in plasma eotaxin-1 of elderly knee OA
patients and illustrated a pronounced positive correlation of
SF eotaxin-1 with disease severity with primary elderly
knee OA. The results of our study postulate that SF eotaxin-1
may be used as a prognostic indicator to reflect the disease
progression of primary knee OA. Further studies are needed
to define the mechanisms underlying this association.
Additional investigations should be considered to elucidate
a possible role of eotaxin-1 in the pathogenesis of chronic
degenerative joint disorder, aiming to the development of
effective therapeutic methods to block OA progression.
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