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Abstract An enhanced expression of the inflammatory
mediators in the perimeniscal synovium in knee osteoar-
thritis (OA) has been suggested to contribute to progressive
cartilage degeneration. However, whether the expression
levels of these molecules correlated with the severity of OA
still remained unclear. Medial perimeniscal synovial samples
were obtained from 23 patients with Kellgren-Lawrence
(K/L) grades 2 to 4 of medial knee OA. Immunohistochemical
analysis of the synovium revealed that the MMP-1, COX-2
and IL-1p expression of the patients with K/L 4 to be
significantly reduced in comparison to those with either K/L 2
or 3, while the TGF-f3 expression showed the opposite. The
synovial expression of MMP-1 and IL-13 showed a signif-
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icant negative correlation with the severity of OA, while that
of TGF-f3 again showed the opposite. In conclusion, although
synovial inflammation remained active, the MMP-1, COX-2
and IL-1{3 expression in synovium decreased depending upon
the severity of OA, while the TGF-[3 expression increased.

Introduction

Most research in osteoarthritis (OA) has so far concentrated
on understanding the events within the degenerated
articular cartilage, and changes in synovial tissues in OA
have been ignored [1]. While OA has traditionally been
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regarded as a non-inflammatory arthritis, recent studies
have shown that OA is associated with the signs and
symptoms of inflammation [2], synovitis and an enhance-
ment of an expression of inflammatory mediators are
common in OA. Therefore, the importance of synovial
inflammation in the pathophysiology of OA has increas-
ingly been recognised.

Synovitis in OA may be a secondary phenomenon
related to cartilage and bone alteration induced by the
release of degenerative compounds from the extracellular
matrix of hyaline cartilage. This could further stimulate
cartilage damage [3]. Therefore, it was thought that
inflammation in the synovial tissue observed in knee OA
was a focal phenomenon [4]. As synovial inflammation in
OA occurs locally in areas of cartilage loss, the inflamma-
tion of the medial perimeniscal synovium commonly occurs
in medial femoro-tibial OA [5]. In addition, the synovial
inflammation in the early stages of knee OA is enhanced in
comparison to that of late stage OA [5].

Based on these data, we examined whether the expres-
sion levels of the inflammatory mediators and growth factor
in the medial perimeniscal synovium correlated with the
severity of OA assessed by radiographic parameters and a
patient-oriented outcome measures in medial knee OA.

Materials and methods

Patient profiles This study was approved by the institu-
tional ethics committee of the university and written
informed consent was obtained from all patients en-
rolled. Twenty-three patients (21 female and two male)
who had medial knee OA and underwent either joint
replacement (n=19) or arthroscopic surgery (n=4) in the
hospital were recruited as the subjects according to the
criteria of knee OA defined by the American College of
Rheumatology criteria in addition to standard exclusion
criteria [6]. The characteristics of the patients are
described in Table 1.

Sample preparation Antero-medial perimeniscal synovial
tissue samples were obtained from the patients at the time
of the operation. The synovial tissue samples were fixed in
10% neutral buffered formalin, and subsequently processed
by standard histological techniques and mounted in paraffin
blocks for sectioning (5 um).

Immunohistochemical analysis An immunohistochemical
analysis was conducted by the method as described
previously [7]. Antigen retrieval with proteinase K (Dako,
Glostrup, Denmark) digestion was applied in the case of
CD31. The following primary antibodies were added to the
serial sections: CD31 (JC70A; Dako, Glostrup, Denmark;
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Table 1 Basal characteristics of the patients in this study

Characteristic Value

Number of patients 23

K/L grading Two grade 2 patients
Two grade 3 patients
19 grade 4 patients

Age (y) 74.4 (64.0-86.0)

(6.3, 71.9-77.0)
Gender (F/M) 2172
BMI (kg/m?) 24.0 (19.6-28.8)
(2.5,22.3-25.2)
140.6 (10.0-324.0)
(80.8,107.2-173.9)

Disease duration (month)

ISW (mm) 1.16 (0-5.0)
(1.52, 0.50-1.81)
FTA () 186.3 (175.0-197.0)
(6.0, 183.7-188.9)
JKOM 523 (7-81)

(21.5, 43.0-61.6)

BMI body mass index, K/L Kellgren-Lawrence grade, JSW joint space
width, FT4 femoro-tibial angle, JKOM Japanese Knee Osteoarthritis
measure

Data are presented as <upper lane> the mean (minimum—maximum)
and <lower lane> (standard deviation [SD], 95% confidence interval
(95%CI) of the mean)

* indicates that p value was less than 0.05

1:50 dilution) [8], NF-kB (p105/50) (ab7971; Abcam,
Cambridge, UK; 1:100 dilution) [9], MMP-1 (41-1ES5; Fuji
Chemical Industries, Toyama, Japan; 1:3000 dilution) [10],
COX-2 (C22420; BD Biosciences, Franklinlakes, USA,;
1:50 dilution) [11], IL-13 (MAB601; R&D Systems,
Wiesbaden, Germany; 1:20 dilution), TGF-f (TB21, AbD
Serotec, Kidlington; 1:5000 dilution) [12]. For control
sections, the primary antibodies were omitted or irrelevant
isotype-matched mouse antibodies instead of primary
antibody were applied.

For quantitative analysis, 23 sections from 23 patients
were stained at the same time. This process was conducted
three times and then semi-quantitative or quantitative
analyses of these sections were conducted. Some control
section was always included in each process for comparison
in (semi-)quantitative analysis.

Semi-quantitative and quantitative analysis of the stained
sections A semi-quantitative analysis of the stained
sections was conducted using the method by Soden
et al. [13]. The number of positive staining cells was
estimated in ten high-powered fields (400 x) chosen at
random. In each high-powered field, three histological
findings of synovium, such as vascular, synovial sublining
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layer and synovial lining layer, were scored separately
based on the scoring system. Each section was scored on a
scale from 0-3 to reflect the degree of specific staining as
follows: 0 represented 0—5% positive staining, 1 was 6—
29%, 2 indicated 30-59%, and 3 was >60%. The
cumulative staining scores were calculated by summing
the mean score of these four parameters for each case. The
area and perimeter and the number of blood vessels
detected by CD31 expression were measured per mm>
[14].

Intra-observer reproducibility (L.N.) of the histological
scores was measured at separate times for ten sections
(interclass correlation coefficient [ICC] 0.97; 95% CI 0.93—
0.99). The interobserver reproducibility was measured by
two observers (L.N. and A.Y.) who conducted ten exami-
nations (ICC 0.93; 95% CI 0.61-0.99).

Measurement of clinical manifestations Standing, extend-
ed and antero-posterior view radiographs were taken at
the first visit of the hospital according to the method
reported previously [15]. The staging of a knee OA on
radiograph was assessed using the Kellgren-Lawrence
(K/L) grade [16]. The joint space width (JSW) was
determined at the centre point of the medial femoro-tibial
compartment on a radiograph using a 0.1-mm graduated
magnifying lens [17].

A patient-oriented outcome measure was evaluated
by the Japanese Knee Osteoarthritis measure (JKOM)
[18]. JKOM is higher in patients with more pain and
physical disabilities and this evaluation modality is
considered to have sufficient reliability and validity for
studies of the clinical outcomes of Japanese people with
knee OA.

Statistical analysis SPSS version 17 (SPSS Inc., Chicago,
IL) was used for statistical analysis. A comparison of the
means between two groups was conducted using the Mann-
Whitney U test. Correlations were determined using Spear-
man’s correlation coefficient. Values of less than 0.05 were
considered to be statistically significant.

Results

Comparison of the expression levels of the inflammatory
mediators and growth factor in the medial perimeniscal
synovial tissues between OA patients with either K/L 2 or 3
and those with K/L 4

The patients were divided into two groups according to the
K/L classification, and the expression levels of the
inflammatory mediators and growth factor were compared
between these two groups (Table 2, Fig. 1).

An immunohistochemical analysis in both the lining and
sublining layer of the synovial tissue revealed that the
MMP-1 expression of the patients with K/L 4 was
significantly reduced in comparison to those with either
K/L 2 or 3. The COX-2 and IL-1f3 expression in both the
lining and sublining layer of the synovial tissue of the
patients with K/L 4 also significantly decreased in
comparison to those with either K/L 2 or 3. No significant
difference in the NF-kB expression in both the lining and
sublining layer of the synovium was observed between the
patients with K/L 4 and those with K/L 2 or 3. In contrast,
the TGF-3 expression in the sublining layer of the synovial
tissues of the patients with K/L 4 significantly increased in
comparison to that observed in those with either K/L 2 or 3.

Vascular proliferation in synovial tissue is one of the
characteristics of inflammation [19]. Cartilage breakdown
products are believed to result in vascular proliferation [20].
CD31 expressing endothelial cells were recognised in the
sublining layer of the synovium in the patients (Fig. 2). A
significant reduction of both the vascular density and
vascular perimeter in patients with K/L 4 were observed
in comparison to those with either K/L 2 or 3 (Table 3).

Correlation of the expression levels of the inflammatory
mediators and growth factor in the medial perimeniscal
synovial tissues with the severity of medial knee OA

As the K/L classification is a categorical and subjective
radiographic parameter to evaluate the severity of OA, we

Table 2 Semi-quantitative anal-

ysis of the expression levels Mediator Layer K/L 2 or 3 (n=4) K/L 4 (n=19) p

of the mediators for inflamma-

tion in lining and sublining layer MMP-1 Lining 2.0 (0.8, 0.7-3.3) 1.0 (0.6, 0.7-1.3) 0.03*

of synovial tissue in the patients Sublining 2.1 (0.6, 1.1-3.1) 1.0 (0.5, 0.7-1.2) 0.01*
COX-2 Lining 1.4 (0.7, 0.2-2.5) 0.5 (0.3, 0.3-0.7) 0.01*

Sublining 0.9 (0.4, 0.3-1.4) 0.3 (0.3, 0.1-0.4) 0.01*

K/L Kellgren-Lawrence grade IL-1B Lining 2.1 (0.7, 1.0-3.2) 1.1 (0.6, 0.9-1.4) 0.02*

Data are presented as the mean Sublining 2.0 (0.5, 1.1-2.8) 1.2 (0.4, 1.0-1.4) 0.02*

(standard deviation [SD], NF-kB1 Lining 1.5 (0.4, 0.9-2.2) 1.1 (0.5, 0.8-1.3) 0.08

95% confidence interval [CI] of Sublining 1.3 (0.4, 0.7-2.0) 1.2 (0.6, 0.79-1.5) 0.51

the mean) TGF-B Sublining 0.1 (0.1, =0.1 to 0.2) 0.6 (0.3, 0.5-0.8) <0.01%

* p value is significant
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Fig. 1 Expression patterns of
the inflammatory mediators and
growth factor in the medial
perimeniscal synovial tissue of
the patients
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next used continuous and objective radiographic parame-
ters, JSW and femoro-tibial angle (FTA), and examined
whether any correlations existed between the expression
levels of the molecules and these parameters in all the
patients in this study (Fig. 3).

The expression levels of MMP-1 and IL-1f3 in both the
lining and sublining layer of the medial perimeniscal synovial
tissue showed significant correlation with the radiographic
severities, such as JSW of the medial tibio-femoral joint,
positively, and FTA, negatively, of the patients with medial
knee OA. On the other hand, the COX-2 expression levels in
both the lining and sublining layer of the synovial tissue did
not correlate with either the JSW of the medial tibio-femoral
joint or FTA. The NF-kB expression levels in both the lining
and sublining layer of the synovial tissue did not correlate with
the JSW of the medial tibio-femoral joint. While the NF-«<B
expression levels in the sublining layer of the synovial tissue
correlated with the FTA, those in the lining layer did not. The
expression levels of TGF-f3 in the sublining layer of the
medial perimeniscal synovial tissue in the patients showed a
significantly negative correlation with the JSW, and a
significantly positive correlation with the FTA. The vascular
density in the sublining layer of the medial perimeniscal
synovial tissue did not correlate with either the JSW of the
medial tibio-femoral joint or FTA. While the vascular
perimeter in the sublining layer of the medial perimeniscal
synovial tissue significantly correlated with FTA, it did not
correlate with the JSW of the medial tibio-femoral joint.

Concerning the K/L classification, JSW and FTA reflect
an historical view of the disease, we therefore examined

whether the expression levels of the inflammatory media-
tors and growth factor also correlated with the current physical
disability of the patients as evaluated by the JKOM score. The
expression levels of MMP-1, COX-2 and IL-1f3 in both the
lining and sublining layers of the medial perimeniscal
synovial tissue showed a significantly negative correlation
with the JKOM score of the patients. On the other hand, the
NF-kB expression in both the lining and sublining layer of the
medial perimeniscal synovial tissues of the patients did not
correlate with the JKOM score of the patients. The expression
levels of TGF-f in the sublining layer of the medial
perimeniscal synovial tissue in the patients showed a
significantly positive correlation with the JKOM score.
However, neither the vascular density nor the vascular
perimeter in the sublining layer of the medial perimeniscal
synovial tissue correlated with the JKOM score of the patients.

Discussion

This study revealed that, while the synovial inflammation
remained active, the expression levels of MMP-1, COX-2
and IL-1$ in the medial perimeniscal synovium were
decreased and those of TGF-3 were increased depending
upon the severity of the disease in patients with medial
knee OA. The progression of the disease was assessed not
only by the classical K/L radiographic classification but
also by other radiographic parameters, such as FTA and
JSW, and a patient-oriented outcome measure for OA—the
JKOM score—thereby confirming the results of this study.

Table 3 Quantitative analysis of vascular proliferation detected by CD31 expression of the synovial tissue of the patients

Parameter

K/L 2 or3

Density (blood vessel number/mm?)
Perimeter (total perimeter of blood vessel in pm/mm?)

79.0 (25.4, 38.7-119.3)
7970.5 (2458.4, 4058.7-11882.3)

K/L 4 p
46.6 (16.7, 38.6-54.7) <0.01*
5339.9 (1468.6, 4632.1-6047.7) 0.04%*

Data are presented as the mean (standard deviation [SD], 95% confidence interval [CI] of the mean)

* p value is significant
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Fig. 3 Correlation between the expression levels of inflammatory
mediators and growth factor in the medial perimeniscal synovial tissue
with both the radiographic parameters and patient-oriented outcome
measures for knee OA of the patients. Circles and triangles indicate

Synovial cells, in addition to chondrocytes, of OA
patients produce increased levels of inflammatory cyto-
kines, such as IL-1f3 and TNF-x, which in turn decrease
anabolic collagen synthesis and increase catabolic media-
tors, such as MMP1 and MMP-13, via their subsequent
intracellular signalling through NF-kB and COX-2 [21].
Therefore, the expression levels of these molecules, which
play important roles in the inflammation observed in OA,
were examined as representative molecules of this phe-
nomenon in this study. As the expression of MMP-I1,
COX2 and IL-13 in synovial tissues is thought to be
activated by degenerated articular cartilage, the expression
of these inflammatory mediators might be enhanced in
synovial tissues of the patients with either K/L 2 or 3 of
knee OA in comparison to those with K/L 4 of knee OA
(Table 2). This phenomenon may confirm the occurrence of
synovitis in OA as a secondary phenomenon related to
cartilage alteration. The results, in which the COX2
expression in perimeniscal synovium correlated with the
JKOM score, while it did not correlate with the radio-
graphic parameters, such as JSW and FTA, may be related
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the data from patients with K/L 4 and those with K/L 2 or 3,
respectively (n=23). JSW joint space width, F'74 femoro-tibial angle,
JKOM Japanese Knee Osteoarthritis measure

to the differences of the COX-2 metabolism in comparison
to that of other molecules, such as MMP-1, and IL-1(3.
TGF-p in synovial tissue is thought to be involved in
osteophyte formation and fibrosis of the joint capsule in
OA, while TGF-f3 in cartilage has a protective role for
chondrocytes [22]. An osteophyte is a bony outgrowth at
the margins of the joint. It is generally accepted that the
formation of an osteophyte is one of the signs of severe
OA, although it is not known whether this structure is good
or bad; or if it can help to stabilise the joint or promote the
degenerative process [23]. The results of this study for the
TGF-f expression of the synovium in OA suggest that
synovial TGF-{3 signalling plays some role in the progres-
sion of OA, especially in the later stage of the disease.
NF-kB is one of the transcription factors that induces COX-
2 expression via IL-1f in chondrocytes and other cells
including synovial cells and is involved in general stress- and
inflammation-induced signalling, including angiogenesis [3].
The results of NF-kB expression in OA synovium of this
study suggest that stress- and inflammation-induced signal-
ling had been activated in synovial tissue in patients with OA.
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Synovitis has been associated with progressive OA, and
synovial vascular turnover may either mediate this effect or
exacerbate it. Vascular densities have been reported to
increase within the synovium in OA. Vascular perimeter into
a synovium is thought to reflect chronic inflammation. In this
study, both the vascular density and vascular perimeter in the
synovium of the patients with K/L 4 decreased in comparison
to those observed in patients with either K/L 2 or 3. However,
no significant correlation of the vascular parameters except
for the correlation between the vascular perimeter and FTA
was observed between both the radiographic parameters and
JKOM score. This result therefore suggests that the metab-
olism of the synovial tissue in the patients with K/L 4 was
still active, although its production of inflammatory media-
tors had decreased in comparison to that in the patients with
either K/L 2 or 3. An active metabolism may reflect the
increased TGF-f3 and NF-«kB production which help to create
capsular fibrosis and/or bony spur formation.

This study had some limitations. The interpretation of the
results is limited by the small number of the patients. The
number of patients with either K/L 2 or 3, especially, was
small in comparison to those with K/L 4. The expression
levels of inflammatory mediators were only examined by
immunohistochemical analysis in this study. Other mole-
cules, in addition to those examined in this study, have
already been reported to play important roles in synovial
inflammation in OA. Only a few molecules, on the other
hand, were examined in this study. Based on these
limitations, this study could introduce certain bias into the
results. However, the results did show statistical significance.

This study focussed on the synovial tissues in the medial
compartment of tibio-femoral joints of patients with medial
knee OA. The results of this study revealed that, while the
synovial inflammation remained active, the expression
levels of inflammatory mediators, such as MMP-1, COX-
2 and IL-1f3, and growth factor, TGF-(3, in the medial
perimeniscal synovial tissues were all observed to change
depending on the severity of knee OA.
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