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Abstract

Background The first research to determine synovial fluid ADAMTS4 and serglycin levels in osteoarthritis and OA progression.
Aim We aimed to determine ADAMTS4 and serglycin levels, interactions, and changes in the synovial fluid of knee OA, and
also to determine effective in OA progression.

Methods A case-control study was carried out including a total of 88 participants (29 patients late OA [LOA], 28 early OA
[EOA], and 30 controls). Synovial fluid serglycin and ADAMTS4 levels were measured by commercially available ELISA Kkits,
and knee functions of the patients were evaluated with The Western Ontario and McMaster Universities Osteoarthritis score
(WOMAC). Logistic regression analysis was applied for the associated with progression of OA.

Results Synovial fluid ADAMTS4 and serglycin levels were significantly higher in LOA than EOA and control groups (p <.001
and p<.001; p=.038 and p=.007, respectively). All parameters were evaluated after adjustment for age. LOA patients had
significantly higher levels of WOMAC score than EOA and controls (p <.001 and p <.001). According to the logistic regression
analysis, synovial fluid ADAMTSA4, serglycin levels, and WOMAC score were found to be significantly associated with

progression of OA.
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Introduction

Osteoarthritis (OA) is the most common form of degenerative
joint disease in the world and a major cause of severe pain and
disability. Etiopathogenesis of the knee OA is a heteroge-
neous. Obesity, age, and joint damage are important risk fac-
tors [1]. Despite these risk factors, the etiopathogenesis that
initiates degeneration of cartilage is not clear. However, extra-
cellular matrix (ECM) structural and functional changes are
the most important mechanisms in the development of OA.
Cartilage has no vascular and nerve tissue. ECM is the main
component of the cartilage structure. ECM is predominantly
composed of collagen, especially type 2 collagen, and proteo-
glycans [2].
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A disintegrin and metalloproteinase with thrombospondin
motifs4 (ADAMTS4) and ADAMTSS, called aggregganase,
have been shown to play a role in the progression of OA by
degrading the proteoglycans in the extracellular matrix that
constitutes the primary structure of the cartilage [3].
ADAMTS4 plays a role in the degradation of aggrecan which
is major proteoglycan of the extracellular matrix and other
proteoglycans in the structure of cartilage [4]. Yaykasli et al.
showed that ADAMTS4, 5, and 9 expressions were increased
in patients with OA and rheumatoid arthritis (RA) [5]. Malfait
and et al., that showed ADAMTS4 and ADAMTSS, represent
a potential target for the treatment of osteoarthritis [6].

Serglycin is a proteoglycan that is stored in the cell, and is
secreted in conditions such as inflammation and tissue dam-
age [7]. Serglycin is also involved in endothelial cells [8].
Rheumatoid arthritis had high levels of serglycin in the joint
fluid and blood [9]. Zhang et al. examined the interaction of
matrix metalloproteinase-13 with proteoglycans such as
decorin, syndecan 4, and serglycin in chondrocytes and dem-
onstrated the interaction of serglycin and MMP-13 for the first
time [10]. In spite of these studies, there is no research yet to
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reveal the relationship of ADAMTS4 and serglycin proteogly-
cans with OA and progression of OA.

In our study, we aimed to determine ADAMTS4 and
serglycin levels, interactions, and changes in the synovial fluid
of patients with knee OA, and also to determine whether sy-
novial fluid ADAMTS4 and serglycin were effective in OA
progression.

Material and methods

A prospective case-control study was performed between
March 2018 and June 2018 in the Orthopedics Department.
A total of 88 participants were included in the study. The
diagnosis of knee OA was determined according to the radio-
graphic features and magnetic resonance imaging (MRI).
Twenty-nine patients were diagnosed as late-stage knee OA
(LOA) and 28 patients were diagnosed as early-stage knee OA
(EOA) by the Kellgren-Lawrence (K&L) scale, which is the
accepted as a reference standard of the World Health
Organization [11]. Body mass index (BMI) matched patients
with knee OA diagnosed by radiographic features. Thirty, un-
complicated participant with normal radiographic features
were selected as the control group and were matched with
the other groups for BMI. All participants included in the
study were evaluated at the initial admission. All participants
provided written informed consent. The study protocol was
performed according to the principles of the Declaration of
Helsinki and was approved by the local Ethical Committee.
(approval date/number: 03.05.2018/006).

Clinical examination was performed and anthropometric
measurements as well as the previous radiographic features
and medical history were recorded. Knee function was
assessed using the Western Ontario and McMaster
Universities Osteoarthritis score (WOMAC). The WOMAC
score is composed of 24 parameters that include pain (score
range, 0-20), stiffness (score range, 0—8), and functional im-
pairment (score range, 0-68) [12]. Patients with a WOMAC
score of 70% and above were evaluated with having a
distorted knee function [13].

Patients were excluded if any of the following disorders
were present: infectious diseases, history of total knee
arthroplasty or other types of knee surgery, septic arthritis,
obesity, use of systemic/local steroids or intra-articular
hyaluronic acid injections, bone tumors, osteoporosis- or
trauma-related fractures, diabetes mellitus, immune system
disorder.

All participants synovial fluid samples were stored at — 80
until the day of analysis. In this study, 2-cc joint fluid was
injected intraarticularly with a 5-cc sterile needle and — 80
was done without centrifugation. In the control group, joint
fluid was obtained from patients who had no signs of infection
and had swelling in the knee without any previous joint
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surgery. The synovial fluid serglycin levels were analyzed
using a human serglycin enzyme-linked immunosorbent assay
(ELISA) kit (Wuhan USCN Business Co., Ltd., China) with
an immunoassay (ALISEI) fully automatic ELISA device, and
the results are presented as nanograms per milliliter and
ADAMTS4 levels were analyzed using a Eastbiopharm
branded human ADAMTS4 ELISA kit with immunoassay
device and presented in picograms per milliliter.

Statistical analysis

For data analysis, we used the IBM-Statistical Package for the
Social Sciences (IBM-SPSS) version 22.0 and PASTE
programmes. We used parametric methods for the analysis
of the variables with a normal distribution. The descriptive
analyses for normally distributed variables are expressed as
the mean + standard deviation. We used one-way ANOVA
and Kruskal-Wallis H tests for the comparison of LOA,
EOA, and control groups. The non-parametric post hoc test
[14] and LSD test were used for the post hoc analysis. Degrees
of association between continuous variables were evaluated
by partial correlation analyses after adjustment for age.
ADAMTS4, serglycin, and WOMAC score receiver operator
characteristic (ROC) curve were performed in OA patients.
Best cut-off value, sensitivity, specificity, and area under the
curve (AUC) for synovial fluid serglycin, joint fluid
ADAMTS4, and WOMAC scores in OA. Single and multi
categorical logistic regression analysis was used to determine
the associated with OA among synovial fluid serglycin,
ADAMTS9, and WOMAC score. The Pearson correlation
and Spearman Rho tests were used to examine the correlations
of variables. The data were examined at the 95% confidence
level, and a p value of < 0.05 was considered significant.

Results

A total of 88 patients were enrolled in the study (29 LOA, 28
EOA, and 30 uncomplicated controls). The baseline demo-
graphic, clinical, and laboratory characteristics of all groups
are given in Table 1. Synovial fluid ADAMTS4 levels were
202.45+85.79 pg/ml in LOA, 132.69 £33.10 pg/ml in EOA,
and 126.34 £31.65 pg/ml in control group. Synovial fluid
ADAMTS4 levels significantly higher in LOA than EOA
and control groups (p <.001 and p <.001). Synovial fluid
serglycin levels were 1.88 +0.74 ng/ml in LOA, 1.55+0.49
in EOA, and 1.46 +0.53 ng/ml in control group (p = .038 and
p=.007). Total WOMAC score, pain, stiffness and physical
function were significantly higher in the LOA group com-
pared to the EOA and control groups (p < .001 and p
< .001) (Table 1).
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Table 1

Baseline demographic, clinical, and laboratory features in LOA, EOA, and control groups

Control (a)

EOA (b)

LOA (c) p value* p value**

BMI (kg/m?) 28.48 + 424

WOMAC score Pain 5.81 £2.94
Stiffness 3.00 + 1.57
11.61 £ 2.08

Physical function

Total score 45.06 + 14.13

ADAMTS4 (pg/ml) 126.34 + 31.65

Serglycin (ng/ml) 1.46 + 0.53

31.03 +4.49

6.21 £4.16

3.46 + 2.06

32.93 £9.59

42.29 £ 12.92

132.69 + 33.10

1.55 +0.49

29.72+6.05 P(ab)=.053 152
P(ac) = .337
P(bc) = .326
P(ab) = .656
P(ac) <.001
P(bc) < .001
P(ab) = 301
P(ac)<.001
P(bc)<.001
P(ab) = .264
P(ac)=.001
P(bec)<.001
P(ab) = 443
P(ac) <.001
P(bc)<.001
P(ab) = .664
P(ac)<.001
P(bc)<.001
P(ab) = .567 .019
P(ac)=.007

P(be)=.038

11.41+£3.32 <.001

6.00+1.46 <.001
46.59+13.19 <.001
63.52+£14.30 <.001
202.45+85.79 <.001

1.88+0.74

Results were analyzed by one-way ANOVA (Brown-Forsythe), post hoc test (LSD-Games Howell). p value* statistical significance within groups, p
value** statistical significance between groups. < .05 statistically significant. Statistically significant p values are marked in italics. BMI body mass
index, WOMAC score The Western Ontario and McMaster Universities Osteoarthritis score, ADAMTS4 A disintegrin and metalloproteinase with

thrombospondin motif 4

Synovial fluid ADAMTS4 and serglycin levels and total
WOMAC score were again evaluated with ROC analysis
(Fig. 1); cut-off levels were determined and AUC values were
calculated. The AUC, best cut-off values, sensitivity, and
specificity for distinguishing the groups for each parameter
are given in Table 2. Synovial fluid ADAMTS4 levels and
WOMAC score were found to be statistically significant
(p=.004 and p = .029) (Table 2).

ROC Curve

Source of the
Curve
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—Reference Line
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00 T T T T
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1 - Specificity
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Fig. 1 Synovial fluid ADAMTS4, serglycin, and WOMAC score ROC
curve in OA patients

All statistically significant parameters according to the uni-
variate analysis were further evaluated by multivariate logistic
regression analysis (Table 3). Increased synovial fluid
ADAMTS4 levels and knee stiffness which are the parameters
of the WOMAC score were significantly associated with OA
(OR 1.014, 95% CI=1.000-1.028, p= .044 and OR 1.412,
95% CI1=1.023-1.950, p= .036) (Table 3). The synovial fluid
serglycin level was not significant according to the multivariate
analysis (Table 3). But increased synovial fluid ADAMTS4,
serglycin levels, and WOMAC score were significantly associ-
ated with LOA (OR 1.025, 95% CI=1.007-1.043, p= .005;
OR 3.143, 95% CI=1.104-8.946, p= .032; and OR 1.078,
95% CI=1.031-1.127, p= .001, respectively) (Table 3). The
synovial fluid serglycin, ADAMTS4 levels, WOMAC score,
and other variables were not significant according to the multi-
variate analysis in EOA (Table 4).

Further analysis was also performed to determine whether
there was a correlation between synovial fluid ADAMTS4 and
serglycin levels and WOMAC score or not in OA. WOMAC
score was positively correlated with synovial fluid ADAMTS4
levels in OA. (Spearman’s = 0.413; p= .001). No correlation
was observed synovial fluid serglycin levels with WOMAC
score in OA (Table 5).

Discussion

Previous studies have shown that ADAMTS4 is associated
with cartilage degeneration and progression in osteoarthritis
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Table 2 Best cut-off value, sensitivity, specificity, and AUC (95%Cl) of synovial fluid ADAMTS4, serglycin, and WOMAC score in OA

Cut off Spe % Sen % AUC (95%Cl) p value*
ADAMTS4 (pg/ml) 198.70 63 61 0.686 (0.575-0.797) .004
Serglycin (ng/ml) 1.73 63 58 0.626 (0.501-0.751) .052
WOMAC score 36 61 61 0.642(0,525-0.759) .029

p value; statistical significance between groups. <.05 statistically significant

AUC area under curve, WOMAC score The Western Ontario and McMaster Universities Osteoarthritis score, ADAMTS4 A disintegrin and metallopro-

teinase with thrombospondin motif 4

[3]. Proteases and inflammatory processes have proven effects
in the etiopathogenesis of OA [15]. He et al. showed that
ADAMTS4 and 5 and matrix metolloproteinase-9 and -13 were
activated in bovine cartilages stimulated with tumor necrosis
factor alpha (TNF-«) and oncostatin M (OSM) [16].
Moulharat et al. reported that TGF beta stimulated aggrecan
deregulation by increasing ADAMTS4 expression in human
cartilage [17]. The increase in ADAMTS4 level in synovial fluid
has been shown to be associated with progression in OA joint
degeneration [18]. Also, Pens et al. reported that ADAMTS4
had tripled in synovial fluids of early-stage OA patients com-
pared to late-stage OA [19]. Zhang et al. showed that
ADAMTS4 expression in the synovial fluid was increased in
early-stage OA compared to middle- and late-stage OA [20]. In
addition, Kamm et al. showed that the expression of ADAMTS4
and inflammatory cytokines in synovial fluids increased along
with the severity of OA in horses [21]. In our study, we found
that the ADAMTS4 level in the synovial fluid was increased in
the advanced OA group compared to the early-stage OA and the
control group. Bau et al. showed that expression of ADAMTS4
and ADAMTSS patients was increased in knee cartilage of late-
stage OA compared to early-stage OA patients [22].

It is known that ADAMTS4 is synthesized as zymogen and it
is activated intracellularly by furin-like proprotein convertase
(PC) [23], and it interacts with the CD44 and syndecan family
on the cell surface [24]. Ariyoshi et al. showed increased
ADAMTS4 and ADAMTSS gene expression in chondrocytes
accompanied by activity of CD44 cell surface receptors [25].
Kataoka et al. reported that the expression of ADAMTS4 de-
creased with CD44 receptor blockade in OA synovial tissue [26].
ADAMTS4 and CD44, which are involved in ECM remodeling,
were induced by IL-13 in the nucleus pulposus (NP) cells [27].

Serglycin is also secreted by proteases, chemokines, and cy-
tokines, especially [28] via the CD44 receptor [29] in the hemo-
poietic system, especially platelets [30]. Serglycin level was
found to be high in platelet extracts [31]. Today, platelet-rich
plasma is used in the treatment of OA and it has been shown
to provide cartilage degeneration [32]. In the light of the above
studies, ADAMTS4 and serglycin interact with similar mecha-
nisms such as proinflammatory cytokines and CD44 receptors.
We have no data on synovial fluid or blood serglycin and
ADAMTS4 levels in patients with osteoarthritis. Omtvedt et al.
reported that increased synovial fluid and blood levels of
serglycin played a role in the inflammatory process in

Table 3  Univariate and multivariate regression analyses of different variables**
OA LOA
Univariate Multivariate Univariate Multivariate
OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value OR (95%Cl) p value
BMI (kg/m?) 1.084 (0.986-1.191) .097 1.001 (0.916-1.094) 976
WOMAC Pain 1.220 (1.073-1.388) .022 1.212 (0.938-1.565) .141 1.747 (1.377-2.216) < .001
score Stiffness  1.555 (1.208-2.002) .001 1.412 (1.023-1.950) .036 2.769 (1.776-4.316) < .001
Physical 1.023 (0.987-1.060) .215 1.081 (1.039-1.124) < .00!
function
Total score 1.032 (1.003-1.063) .033 0.961 (0.909-1.016) .163 1.091 (1.051-1.132) < .001 1.078 (1.031-1.127) .001
ADAMTS4 (pg/ml) 1.017 (1.005-1.029) .007 1.014 (1.000-1.028) .044 1.028 (1.014-1.042) < .001 1.025 (1.007-1.043) .005
Serglycin (ng/ml) 2.218 (0.950-5.179) .066 2.906 (1.254-6.736)  .013 3.143 (1.104-8.946) .032

BMI body mass index, WOMAC score The Western Ontario and McMaster Universities Osteoarthritis score, ADAMTS4 A disintegrin and metallopro-
teinase with thrombospondin motif 4

<.05 statistically significant. Statistically significant p values are marked in italics

**Logistic regression model (binary logistic regression with a single and multi categorical predictor) was used to determine the possible risk factors for
Osteoarthritis (OA) and LOA
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Table 4  Univariate and multivariate regression analyses of different variables**

EOA
Univariate Multivariate
OR (95%Cl) p value OR (95%Cl) p value
BMI (kg/m?) 1.146 (1.010-1.300) 035 1.142 (1.005-1.298) .052
WOMAC score Pain 1.033 (0.894-1.195) .658
Stiffness 1.111 (0.794-1.554) .540
Physical function 0.970 (0.922-1.019) 228
Total score 0.984 (0.946-1.024) 427
ADAMTS4 (pg/ml) 1.006 (0.990-1.023) 443 1.005 (0.988-1.023) .552
Serglycin (ng/ml) 1.419 (0.515-3.909) 498 1.641 (0.556-4.845) .370

BMI body mass index, WOMAC score The Western Ontario and McMaster Universities Osteoarthritis score, ADAMTS4 A disintegrin and metallopro-

teinase with thrombospondin motif 4

<.05 statistically significant. Statistically significant p values are marked in italics

**Logistic regression model (binary logistic regression with a single and multi categorical predictor) was used to determine the possible risk factors for

early-stage osteoarthritis (EOA)

rheumatologic diseases [9]. We found that the levels of synovial
fluid serglycin increased simultaneously with ADAMTS4 in OA
patients according to the control group. In addition, we saw that
the levels of synovial fluid serglycin were significantly higher in
the LOA patients than the EOA. In addition, we found that
increased synovial fluid ADAMTS4, serglycin levels, and
WOMAC score were risk factors for late-stage OA, and that
there was only synovial fluid ADAMTS4 risk factor in all OA
without phase difference.

Conclusion

The increased synovial fluid ADAMTS4 and serglycin levels
are indicative of cartilage degeneration at each stage of OA. In
addition, the increased synovial fluid level of serglycin with
ADAMTS4 appears to be a risk factor in the advanced stage
OA compared to early-stage OA, which may be due to the
increased release of intracellular stores by the recent breakdown
of cells and cell proliferation by OA progression. We think that

the increase of synovial fluid syglycin and ADAMTS4 may be
indicative in the end stage of osteoarthritis.

The limitations of our study are mainly the lack of the
evaluation of other proteases and proteoglycans which is risk
factors of OA, small number of patients, and the lack of ran-
domization. Further prospective studies in larger cohorts are
needed to validate the results of the present study.
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Table 5 Correlation analysis between WOMAC score, synovial fluid ADAMTS4, and serglycin levels in OA **

WOMAC score

r p value
BMI (kg/m?) 0.021 877
ADAMTS4 (pg/ml) 0.413 .001
Serglycin (ng/ml) 0.142 293

7 correlation coefficient, WOMAC score The Western Ontario and McMaster Universities Osteoarthritis score, ADAMTS4 A disintegrin and metallo-

proteinase with thrombospondin motif 4

<.05 statistically significant. Statistically significant p values are marked in italics

**Pearson’s correlation test-Spearman’s Rho test were used
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