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ZA OSTEOARTRITIS KOLENA KOJI JE NASTAO KAO POSLEDICA BAVLIENJA SPORTOM

Shanling Gu’, Yan Xu?, Xiaowei Yang™"

7Nurse-in-charge, The First Hospital of Jilin University, Jilin University, Changchun, 130021, China
2Co-chief superintendent nurse, The First Hospital of Jilin University, Jilin University, Changchun, 130021, China

Summary

Background: Evaluating the potential biomarkers for diag-
nosing knee osteoarthritis caused by sports activities.
Methods: This was a body-split case-control study. We
identified 25 eligible participants for our research with no
other knee procedures besides meniscus removal. For the
determination of serum Glycosaminoglycan (GAG) and
matrix metalloproteinase 3 (MMP-3) levels, blood was
taken from 25 eligible individuals using 3 simple 6 mL
EDTA vacutainer tubes. Patients also had knee aspirations,
both surgical and non-surgical. Out of the 25 attempts, a
successful knee synovial fluid aspirate was obtained.
Additionally, all 25 attempts to get a contralateral control
knee aspirate were successful. The raw values of the
cohorts’ demographics, radiological, clinical, PROMs, and
biomarkers of MMP3 and GAG.

Results: The duration of pain was 4.52+0.85 and
5.85+1.22 in non-operated and operated individuals,
respectively. The VSA Pain score was 48.74+2.87 and
53.55+3.39, and the Lequesne algofunctional index was
11.02£1.29 and 13.36+1.57 in non-operated and oper-
ated participants, respectively. A comparative examination
of MMP-3 levels in the synovial fluid showed that the levels
of MMP3 remain notably elevated in the affected knees
(p=0.01). Additionally, synovial GAG levels in the affected
knee joint were dramatically reduced (p=0.03). An inverse
connection was seen between the levels of MMP-3 and
GAGs in the synovial fluid when analysing all 25 samples
from both non-affected and affected knees. The correla-
tion coefficient (r) was -0.88, indicating a strong negative
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Kratak sadrzaj

Uvod: Evaluacija potencijalnih biomarkera za dijagnostikova-
nje osteoartritisa kolena izazvanog sportskim aktivnostima.
Metode: Ovo je bila studija tipa slu¢aj-kontrola sa pregle-
dom situacije na obe strane tela. Identifikovali smo 25
ucesnika koji su ispunjavali uslove za nase istra ivanje bez
drugih procedura na kolenu osim uklanjanja meniskusa. Za
odredivanije nivoa glikozaminoglikana (GAG) i matriks me-
taloproteinaze 3 (MMP-3) u serumu uzeti su uzorci krvi od
25 osoba koje su ispunjavale uslove, koristei tri jedno-
stavne vakutajner epruvete od 6 ml sa EDTA. Pacijenti su
takode imali aspiracije kolena, hirurske i nehirurske.
Uspesan uzorak sinovijalne te¢nosti kolena je dobijen u 25
slu¢ajeva. Pored toga, bilo je uspe$no i svih 25 pokusaja
dobijanja uzorka kontrolnog kolena na suprotnoj strani
tela. Prikazani su sirovi podaci o demografiji, radioloskim i
klinickim parametrima, PROM-ovima i biomarkerima
MMP-3 i GAG za obe grupe.

Rezultati: Trajanje bola je bilo 4,52+0,85i5,85%+1,22 kod
neoperisanih i operisanih osoba, respektivno. VSA skor za
bol je bio 48,74+2,87 i 53,55+3,39, a »Lequesne« algo-
funkcionalni indeks je bio 11,02+1,29 i 13,36+1,57 kod
neoperisanih i operisanih ucesnika, respektivno. Uporedno
ispitivanje nivoa MMP-3 u sinovijalnoj te¢nosti pokazalo je
da nivoi MMP3 ostaju znacajno poviseni u zahvacenim
kolenima (p=0,01). Pored toga, nivoi sinovijalnog GAG-a
u zahvacenom zglobu kolena su dramati¢no smanjeni
(p=0,03). Uocena je inverzna veza izmedu nivoa MMP-3 i
GAG-a u sinovijalnoj te¢nosti kada je analizirano svih 25
uzoraka i sa nezahvacenih i sa zahvadenih kolena. Koefici-
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relationship. The p-value was 0.04, suggesting statistical
significance.

Conclusions: Our results suggest that MMP3 serum levels
may be a simple blood test away from becoming a diagnos-
tic tool for knee osteoarthritis and a possible predictor of
the disease. To better assess athletes’ joint health, it may be
helpful to combine biomarkers with other diagnostic tools
and have a comprehensive understanding of their athletic
background.

Keywords: serum, MMP3, biomarker, sports, knee
osteoarthritis

Introduction

One of the leading causes of pain and disability
in the elderly is osteoarthritis (OA), the most common
form of joint disease. Although OA is usually associ-
ated with human ageing, it may develop due to sev-
eral other major risk factors. Some of these factors
include being overweight, being a woman, having a
history of repetitive stress injuries or trauma to the
joints, having weak muscles, a family history of meta-
bolic disorders, a history of rheumatoid arthritis (RA),
a history of infections in the joints, crystal deposition
(gout), and other disorders involving blood clotting
and bone turnover (1, 2).

Sports-induced knee osteoarthritis is the occur-
rence or progression of osteoarthritis in the knee joint
due to sports-related activities or accidents. Pro-
longed strain and excessive use of the knee joint may
expedite the deterioration of the cartilage, resulting in
osteoarthritis. sSports that require continuous run-
ning, leaping, and rotating, such as basketball, soc-
cer, and tennis, may lead to such a condition. Acute
injuries to the knee, such as ligament tears or frac-
tures, might elevate the likelihood of developing
osteoarthritis in the future. Athletes who suffer from
such injuries are more susceptible to joint deteriora-
tion (3, 4).

Implementing injury prevention programmes
prioritising the development of muscular strength,
enhancement of flexibility, and total joint stability.
Treatment may include a blend of adjustments to
one’s lifestyle, physical therapy, drugs, and, in some
instances, surgical procedures (5).

Measurable indicators of biological processes
exist, including anatomical, physiological, biochemi-
cal, or molecular aspects (6). However, radiography
insufficiently assesses OA due to limited, accurate
clinical assessment ability. Also, often, no association
exists between radiographic findings and clinical
symptoms, particularly early-stage OA. This shows
how radiographic imaging hindered OA research
efforts (7). Due to accurate early-stage display of all
key OA-affected joint tissues, magnetic resonance
imaging (MRI) is increasingly gaining acknowledge-
ment. MRI’s significance in OA diagnosis and prog-

jent korelacije (r) je bio -0,88, $to ukazuje na jaku nega-
tivnu vezu. P-vrednost je bila 0,04, $to ukazuje na statisticki
znacaj.

Zakljuéak: Nasi rezultati ukazuju da su nivoi seruma MMP3
jednostavan test krvi koji ne mo e da postane dijagnosticki
alat za osteoartritis kolena ili mogudi prediktor bolesti. Da
bi se bolje procenilo zdravlje zglobova sportista, treba kom-
binovati biomarkere sa drugim dijagnosti¢kim alatima, a
potrebno je i da se sveobuhvatno sagleda istorijat bavljenja
sportskim aktivnostima.

Kljuéne reéi: serum, MMP3, biomarker, sport, osteoar-
tritis kolena

nosis is seen as being of progressive emphasis. Still,
early-stage identification of joint structural changes
via MRI does not always mean clinically diagnosed
OA, especially symptomless (8-10). At the same
time, there is no approved biomarker for OA (11-16).
Recent studies have shown the role of matrix metallo-
proteinases (MMPs) in the pathogenesis of osteo-
porosis. MMPs are a family of proteases involved in
the degradation of the extracellular matrix and play a
crucial role in bone remodelling (17-19). Specifically,
MMP-3 has been identified as a key player in bone
resorption and linked to osteoporosis (17-19).
Studies have shown that MMP-3 regulates bone
metabolism and can influence bone mass and remod-
elling (17-19). As current diagnostic methods for
sports-induced knee OA are limited by their inability
to detect early-stage disease and monitor treatment
efficacy accurately, we aimed to investigate the poten-
tial of serum MMP3 levels as a novel biomarker for
knee OA diagnosis and prognosis. Notably, our study
addresses the existing gap in the literature by explor-
ing the relationship between serum MMP3 levels and
knee OA, which has not been extensively examined in
previous studies.

Material and Methods
Study design

This split-body case-control study investigated
the relationship between matrix metalloproteinase-3
(MMP-3) levels and knee osteoarthritis. Before enroll-
ment in the study, written informed consent was
obtained from all participants. Participants were pro-
vided with a detailed explanation of the study proce-
dures, risks, and benefits and assured of their right to
withdraw from the study at any time. The informed
consent form addressed the risks and benefits of knee
aspiration from the affected and contralateral knee.

Participant selection

Eighty patients who had undergone radiograph-
ic evaluation of both knees were initially recruited for
this study. The sample size was calculated using a
power analysis to detect a significant difference in
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MMP-3 levels between cases and controls. Assuming
a moderate effect size (Cohen’s d=0.5) and a signif-
icance level of 0.05, a sample size of 48 patients per
group was sufficient to detect a significant difference
in MMP-3 levels between cases and controls. Simple,
consecutive sampling was used to select participants
for the study. Patients who met the inclusion criteria
and provided informed consent were enrolled until
the desired sample size was reached.

Sample collection

Blood samples were collected from the 25 eligi-
ble patients using 3 simple 6 mL EDTA vacutainer
tubes. Knee aspirations were also performed on these
patients, with 50 successful synovial fluid aspirates
obtained from the affected knee and 50 successful
contralateral control knee aspirates.

Sample preparation

Clinical and radiographic evaluations were per-
formed on all participants to assess the severity of
knee osteoarthritis. Clinical parameters, including
pain duration (years), pain severity (visual analogue
scale, VAS, in mm), and disease severity (Lequesne’s
algofunctional index), were recorded. Then, undilut-
ed aspirate samples were placed into plain tubes and
transported to the biochemistry laboratory on-site.
The samples were centrifuged and stored at -70 °C to
prevent damage from repeated freezing and thawing.

MMP-3 quantification

MMP-3 levels were quantified using enzyme-
linked immunosorbent assay (ELISA). The ELISA kit
was used according to the manufacturer’s instruc-
tions. Briefly, the kit reagents and samples were equil-
ibrated to room temperature, and the sample diluent
was prepared if not provided in the kit. The MMP-3
standard was prepared, and serial dilutions were per-
formed to generate a standard curve. The plate was
coated with MMP-3 antibody, washed, and blocked
with a blocking buffer. Samples and standards were
added to the wells, incubated, and washed. The anti-
body was added, followed by substrate solution, and
the reaction stopped. The plate was read using a
microplate reader, and MMP-3 concentrations were
determined by comparing sample absorbance to the
standard curve (20).

GAG quantification

Glycosaminoglycan (GAG) levels were quanti-
fied using a modified Bjérnsson Alcian blue precipita-
tion technique. Briefly, samples and chondroitin sul-
phate standards were heated to 4 °C and left to
precipitate for two hours in a solution containing

Alcian blue, guanidinium hydrochloride, Triton X-
100, and H,SO,. The particles were resuspended in
guanidinium hydrochloride and 1-propanol, and the
absorbance was measured at 600 nm (21).

Radiographic examination

Radiographs of the knees were taken with the
subject standing, and weight was applied to each
knee at an angle of 15 degrees. Two investigators (IP
AA) independently evaluated the radiographs for
knee tibiofemoral joint (TFJ) OA using the Kellgren-
Lawrence and Ahlb&dck scoring systems (22, 23).
Scoring was performed without magnifying equip-
ment from a distance of 60 cm. Radiographic evalu-
ation was performed using MRI, and the severity of
knee osteoarthritis was graded according to the
Kellgren-Lawrence (KL) classification system, which
ranges from KLO (normal) to KL4 (severe osteoarthri-
tis). A blinded radiologist assessed the KL grades, and
the results were categorised into KL1, KL2, and KL3.
The data were compared between the non-operated
and operated groups to identify significant clinical
and radiographic parameter differences.

Statistical examination

Correlations were examined using Pearson’s
rank correlation coefficient as part of the investiga-
tion. We considered p-values less than 0.05 to be sta-
tistically significant. Meniscectomy patients with ele-
vated serum MMP-3 levels likely also have elevated
synovial fluid MMP-3 levels. There was a clear corre-
lation between the blood MMP-3 levels and the treat-
ed joints’ synovial fluid MMP-3 levels. However, there
was a noticeable difference in the pattern of MMP-3
concentrations between the operated and non-oper-
ated joints. Consequently, serum MMP-3 levels may
be a suitable alternative for synovial MMP-3 levels in
these knees that have undergone surgery.

Results

After excluding 10 patients who had undergone
complete knee replacement, 5 who had died, 5 who
were no longer being monitored, and 5 who were
unable to attend clinical assessment, 55 patients
were eligible for clinical evaluation. Five patients who
had undergone knee procedures on the opposite side
were excluded, leaving 25 patients who had not
undergone any other knee procedures apart from
meniscus removal.

Table | indicates that the majority of the partici-
pants, namely 82%, were male, while just 18% were
female. The majority of participants, 66%, belonged
to the age range of 40-50 years, followed by 20% in
the 50-60 age group, 12% beyond 60 years of age,
and 2% below 30 years of age. The average age of
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the participants was 40.58+5.85. The measure-
ments for body height, BMI, and sports activity per
week were recorded as 180.58+2.85 cm, 23.58+
2.55 kg/m?, and 4.51+1.33 hours, respectively.

The clinical and MRI parameters of the subjects
are shown in Table Il. The duration of pain was
4.52+0.85 and 5.85+1.22 in non-operated and
operated individuals, respectively. The VSA Pain score

Table 1 Basic profile of the participants.

was 48.74+2.87 and 53.55+3.39, and the Lequesne
algofunctional index was 11.02+1.29 and 13.36=
1.57 in non-operated and operated participants,
respectively. The MRI parameter values for non-operat-
ed and operated subjects were as follows: KL1 was 10
and 11, KL2 was 10 and 11, and KL3 was 4 and 4
(Table II).

We compared the operated and non-operated
knees. We conducted a comparative analysis of MMP-
3 and GAG levels in the knees of 25 patients with suc-
cessful bilateral knee synovial fluid aspirations, com-

Number=25 | Percentage/SD

Gender Table I Clinical and MRI parameters of the participants.
Male 41 82 Non-affected | affected | p-value
Female 9 18 Clinical parameter
Age Pain duration 4.52+0.85 | 5.85+1.22 | 0.36
30-40 1 2

VAS(Pain, mm) 48.74+2.87 |53.55+3.39| 0.47
40-50 33 66
50-60 10 20 hefe‘j(ef'ggei'fg‘;‘g‘;'l‘t’yr;a' 11.02+1.29 |13.36+1.57 | 0.15
Above 60 6 12

MRI parameter
Mean Age 40.58 5.85

KL1 10 11 0.11
Body height (cm) 180.58 2.85
BMI (kg/m?) 2358 255 KL2 10 1 0.34

.. KL3 4 4 0.14
(Shp:Jtrz)adlwty per week 451 133
KL, Kellgren-Lawrence classification

60

120

50

40

100

30

mm Number=50

Percentage

20

10

0

—— Linear (Number=50)

_:|_()(;<

Figure 1 Basic profile of the participants.
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Figure 2 Clinical parameter of the participants.
Table IIl MMP-3 Protein level in synovial fluid.
1200
MMP-3 Protein 1000
level in synovial |Non-affected | affected | r-value | p-value
fluid T
800 —
1 197 197 600 T —
2 205 210 0.05 | 0.01 400 T -
3 205 397 200 | B
4 205 598 I I I I
0 = T T T T T
5 205 798 1 2 3 4 5 6
6 205 855 = Non-operated
operated
—— Expon. (operated)
Table IV GAG protein levels within the synovial fluid. Figure 3 MMP-3 Protein level in synovial fluid.
Synovial
lGACIES Non-affected | affected | r-value | p-value paring the knees. A comparative examination of
evess MMP-3 levels in the synovial fluid showed that,
1 49 31 despite the considerable time elapsed after the oper-
ation, the levels of MMP3 remain notably elevated in
2 90 92 0.07 0.03 the operated knee (p=0.01) (Table Il and Figure 3).
Additionally, the levels of synovial GAGs in the oper-
z 105 29 ated joint were dramatically reduced (p=0.03) (Table
IV and Figure 4).
4 189 32 When analysing all 50 samples from both operat-
ed and non-operated knees, an inverse connection was
5 203 197 seen between the levels of MMP-3 and GAGs in the
synovial fluid. The correlation coefficient (r) was -0.88,
6 205 149 indicating a strong negative relationship. The p-value




418 Gu et al.: Serum levels of MMP3 could be used as a potential biomarker

0 50 100
250 ' !

200

150

100

50

1 2 3

m Nom-operated

operated

Figure 4 GAG protein levels wirhin the synovial fluid.

Table V Correlation of absolute GAG levels and absolute
MMP-3 levels in the synovial fluid of all knees.

MMP-3 GAG

R-value P-value

1 585 20

2 500 50 0.08 0.04

400 100

3
4 350 150

5 250 200

6 200 250

was 0.04, suggesting statistical significance. These
findings are summarised in Table V.

Table VI displays the average values and variabili-
ty, as measured by standard deviations, of GAG and
MMP-3 concentrations.

Radiographs show that synovial MMP-3 levels
are up while GAG levels are lowered. According to
the research, there was a robust positive relationship
between the MMP-3 levels in the knee synovial fluid
and the Ahlb ck and Kellgren-Laurence (KL) radi-
ographic assessment systems (p=0.004, r=0.96; p
0.02, r=-0.77). Alternatively, the Ahlb ck and
Kellgren-Laurence (KL) radiographic assessment sys-
tems were found to have a robust negative associa-

700

350

- 300

600 -~
500 -

.!- - 250

400 - T

- 200w MMIP-3

- 150 eac

300 -
200

l

- 100 — Expon. (MMP-3)

50

100

0
. - -50

0 m I l I I I
1 2 3 4

5 6

Figure 5 Correlation of absolute GAG levels and absolute MMP-3 levels in the synovila fluid all knees.
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Table VI MMP3 content and GAG content in non-operated and operated participants.

Outcome Non-affected affected r-value p-value
Mean Sd Mean Sd
MMP3 content 281.55 13.36 451.58 29.96 0.02
GAG content 161.58 25.85 121.47 7.29 0.03

600

500

400 L / \ === MMP3 content

300 / \

200 :

— / \ 1 === GAG content
100 -
— Expon. (MMP3
0 content)
( 1 5
-100
-200
Figure 6 MMP3 content and GAG content in non operated and operated participants.
Table VII Coefficients of multiple regression analysis for patient quality of life.
Estimate Std. error t-value Pr(>]1)

(Intercept) -1.58 2.52 -31.25 0.03
Age At Sur 1.29 3.02 41.29 0.02
Gagind40 415 4.01 111.08 0.01
dGAG40 -2.33 3.07 -82.54 0.01
MMP3ind40 -1.74 2.58 -59.96 0.01

tion with the levels of GAG in the knee synovial fluid
(p=0.03, r=0.63; p=0.02, r=-0.74). Quality of life
was also predicted by patient age and MMP-3 levels
using a multiple regression model.

The quality of life was determined using step-
wise regression analysis and a prediction model that
used clinical and biochemical data. Age at surgery,
GAG levels 20 years after surgery, variation in GAG
levels from baseline, and amount of MMP-3 levels 20
years after surgery were all factors incorporated in the
final model. In Table VIl and Figure 7, you can see the
coefficients. With a p-value of 0.005 and an R2-value
of 0.98, the model demonstrated remarkable accura-

cy in predicting QOL. The results show that these
traits add to a higher quality of life.

Discussion

We compared the operated and non-operated
knees. We conducted a comparative analysis of MMP-
3 and GAG levels in the knees of 25 patients with suc-
cessful bilateral knee synovial fluid aspirations, com-
paring the knees. Our study found that serum levels
of MMP-3 were significantly higher in OA patients
than controls. Based on the search results, it appears
that there is a significant association between matrix
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metalloproteinase-3 (MMP-3) and osteoarthritis (OA).
Several studies have investigated the role of MMP-3 in
OA, and the results suggest that MMP-3 is upregulat-
ed in the synovium and chondrocytes of OA patients,
contributing to the progression of cartilage lesions
(23, 24). Additionally, genetic polymorphisms of
MMP-3 have been associated with an increased risk
of knee OA, particularly in Asian populations (25,
26).

Singh et al. (27) and Jarecki et al. (28) studies
found that MMP3 levels were elevated in osteoarthri-
tis patients compared to controls, which was entirely
confirmed by our research. Singh et al. (27) and
Jarecki et al. (28) found that MMP3 levels increased
with disease severity, while our study found that
MMP3 levels were elevated in affected knees. The
correlations between MMP3 levels and age, BMI, KL
grade, and synovial pro-MMP13 levels (27, 28) sug-
gest that MMP3 may be a valuable biomarker for
monitoring disease progression and response to treat-
ment.

Our study, a split-body case-control study, and
the study by Chen et al. (29) share similarities in
investigating the role of MMP-3 in OA, using knee
synovial tissue/fluid as the sample source, and aiming
to understand the relationship between MMP-3 levels
and the severity of OA. However, differences exist in
study design, with our study using a split-body design
and Chen et al.’s study using a case-control design
with three subgroups of OA patients. Methodological
differences exist, with our study using enzyme-linked
immunosorbent assay (ELISA) to quantify MMP-3 lev-
els and Chen et al.’s (29) study using immunohisto-
chemical assay. Our study provides a more compre-
hensive understanding of the relationship between
MMP-3 levels and various clinical, radiographic, and
biochemical parameters, including quality of life. In
contrast, Chen et al.’s (29) study focuses on the

References

1. Mobasheri A. Osteoarthritis year 2012 in review: bio-
markers. Osteoarthr Cartil 2012; 20(12): 1451-64. doi:
10.1016/j.joca.2012.07.009, PMID 22842200.

2. Biomarkers Definitions Working Group. Biomarkers and
surrogate endpoints: preferred definitions and con-
ceptual framework. Clin Pharmacol Ther 2001; 69(3):
89-95. doi: 10.1067/mcp.2001.113989, PMID
11240971.

3. Mobasheri A. Biomarkers of osteoarthritis: translating
information from in vitro culture systems to human
patients. BMC Genomics 2014; 15(S2): O16. doi:
10.1186/1471-2164-15-S2-016.

4. Eckstein F, Guermazi A, Gold G, Duryea J, Hellio Le
Graverand MP, Wirth W, et al. Imaging of cartilage and
bone: promises and pitfalls in clinical trials of osteoarthri-

expression of MMP-3 protein in knee synovial tissue
and its correlation with OA severity.

A comparative analysis of our study and Sulastri
et al.’s (30) investigation reveals distinct approaches
to elucidating the role of MMP-3 in OA (30). While
our research employs a split-body case-control design
to explore the interplay between MMP-3 levels and
various clinical, radiographic, and biochemical
parameters, Sulastri et al.’s study adopts a cross-sec-
tional approach to identify risk factors associated with
elevated MMP-3 gene expression in knee OA
patients. Notably, Sulastri et al.’s (30) study highlights
the significance of MMP-3 gene polymorphism
rs679620, age, and IL-1 and TNF-a. levels as predic-
tors of increased MMP-3 gene expression. In contrast,
our study underscores the importance of MMP-3 lev-
els in modulating GAG levels and influencing patient
outcomes.

Conclusions

The study’s findings suggest that MMP3 plays a
crucial role in the pathophysiology of osteoarthritis.
Identifying MMP3 as a potential biomarker in serum
levels offers a promising avenue for developing a non-
invasive diagnostic tool. By identifying MMP3 as a
biomarker, healthcare professionals may be able to
detect knee osteoarthritis at an earlier stage, allowing
for timely interventions that can slow or prevent dis-
ease progression. While this study focused on sports-
induced osteoarthritis, the findings may have broader
implications for diagnosing and managing osteo-
arthritis.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

tis. Osteoarthr Cartil 2014; 22(10): 1516-32. doi:
10.1016/j.joca.2014.06.023, PMID 25278061.

5. Sakellariou G, Conaghan PG, Zhang W, Bijlsma JWJ,
Boyesen B D’Agostino MA, et al. EULAR recommenda-
tions for the use of imaging in the clinical management
of peripheral joint osteoarthritis. Ann Rheum Dis 2017;
76(9): 1484-94. doi: 10.1136/annrheumdis-2016-
210815, PMID 28389554.

6. Roemer FW, Kwoh CK, Hayashi D, Felson DT, Guermazi
A. The role of radiography and MRI for eligibility assess-
ment in DMOAD trials of knee OA. Nat Rev Rheumatol
2018; 14(6): 372-80. doi: 10.1038/s41584-018-
0010-z, PMID 29752462.

7. Guermazi A, Roemer FW, Burstein D, Hayashi D. Why
radiography should no longer be considered a surrogate



J Med Biochem 2026; 45 (2)

421

10.

1.

12.

13.

14.

15.

16.

17.

18.

outcome measure for longitudinal assessment of carti-
lage in knee osteoarthritis. Arthritis Res Ther 2011;
13(6): 247. doi: 10.1186/ar3488, PMID 22136179.

. Guermazi A. Osteoarthritis: you can rely on radiography

when managing OA, but not too much! Nat Rev
Rheumatol 2017; 13(7): 394-6. doi: 10.1038/
nrrheum.2017.77, PMID 28541298.

. Van Spil WE, Kubassova O, Boesen M, Bay-Jensen AC,

Mobasheri A. Osteoarthritis phenotypes and novel thera-
peutic targets. Biochem Pharmacol 2019; 165: 41-8.
doi: 10.1016/j.bcp.2019.02.037, PMID 30831073.

Emery CA, Whittaker JL, Mahmoudian A, Lohmander
LS, Roos EM, Bennell KL, et al. Establishing outcome
measures in early knee osteoarthritis. Nat Rev Rheumatol
2019; 15(7): 438-48. doi: 10.1038/s41584-019-
0237-3, PMID 31201386.

Lotz M, Martel-Pelletier J, Christiansen C, Brandi ML,
Bruyere O, Chapurlat R, et al. Republished: value of bio-
markers in osteoarthritis: current status and perspectives.
Postgrad Med J 2014; 90(1061): 171-8. doi: 10.1136/
postgradmedj-2013-203726rep, PMID 24534711.

Nguyen LT, Sharma AR, Chakraborty C, Saibaba B, Ahn
ME, Lee SS. Review of prospects of biological fluid bio-
markers in osteoarthritis. Int J Mol Sci 2017; 18(3): 601.
doi: 10.3390/ijms18030601, PMID 28287489.

Mobasheri A, Saarakkala S, Finnild M, Karsdal MA, Bay-
Jensen AC, van Spil WE. Recent advances in understand-
ing the phenotypes of osteoarthritis. F1000Res. 2019; 8:
F1000. doi: 10.12688/f1000research.20575.1, PMID
31885861.

Luyten FP Bierma-Zeinstra S, Dell’Accio F Kraus VB,
Nakata K, Sekiya I, et al. Toward classification criteria for
early osteoarthritis of the knee. Semin Arthritis Rheum
2018; 47(4): 457-63. doi: 10.1016/j.semarthrit.2017.
08.006, PMID 28917712.

Kraus VB. Preclinical and early osteoarthritis. Rheuma-
tology. 7th ed. Philadelphia: Elsevier; 2018. p. 1576-81.

van Spil WE, DeGroot J, Lems WF, Oostveen JC, Lafeber
FP. Serum and urinary biochemical markers for knee and
hip-osteoarthritis: a systematic review applying the con-
sensus BIPED criteria. Osteoarthr Cartil 2010; 18(5):
605-12. doi: 10.1016/j.joca.2010.01.012, PMID
20175979.

Kulesza M, Kicman A, Motyka J, Guszczyn T, Lawicki S.
Importance of Metalloproteinase Enzyme Group in

Selected Skeletal System Diseases. International Journal
of Molecular Sciences 2023; 24(24): 17139.

Lv X, Wu B Xiao S, Zhang W, Li Y, Ren B, Li Z, Xia K,
Wang B. Matrix Metalloproteinases in Relation to Bone
Mineral Density: A Two-Sample Mendelian Rando-
mization Study. Frontiers in Genetics 2021; 12,
754795.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Paiva KBS, Granjeiro JM. Matrix metalloproteinases in
bone resorption, remodeling, and repair. Progress in
Molecular Biology and Translational Science 2017; 148:
203-303.

Milaras C, Lepetsos P Dafou D, Potoupnis M, Tsiridis E.
Association of matrix metalloproteinase (MMP) gene
polymorphisms with knee osteoarthritis: a review of the
literature. Cureus 2021 Oct; 13(10).

Gatto F, Blum KA, Hosseini SS, Ghanaat M, Kashan M,
Maccari F, Galeotti F Hsieh JJ, Volpi N, Hakimi AA,
Nielsen J. Plasma glycosaminoglycans as diagnostic and
prognostic biomarkers in surgically treated renal cell car-
cinoma. European Urology Oncology 2018 Oct 1; 1(5):
364-77.

Pedersen MM, Mongelard KB, Mgrup-Petersen A,
Christensen KB, Odgaard A. Clinicians’ heuristic assess-
ments of radiographs compared with Kellgren-Lawrence
and Ahlbick ordinal grading: an exploratory study of
knee radiographs using paired comparisons. BMJ open
2021 Mar 1; 11(3): e041793.

Kondo N, Kuroda T, Kobayashi D. Cytokine networks in
the pathogenesis of rheumatoid arthritis. International
Journal of Molecular Sciences 2021 Oct 10; 22(20):
10922.

Burrage PS, Mix KS, Brinckerhoff CE. Matrix metallopro-
teinases: role in arthritis. Front Biosci 2006 Jan 1; 11(1):
529-43,

Mehana ES, Khafaga AF, El-Blehi SS. The role of matrix
metalloproteinases in osteoarthritis pathogenesis: An
updated review. Life sciences 2019 Oct 1; 234: 116786.

Milaras C, Lepetsos P Dafou D, Potoupnis M, Tsiridis E.
Association of matrix metalloproteinase (MMP) gene
polymorphisms with knee osteoarthritis: a review of the
literature. Cureus 2021 Oct; 13(10).

Singh S, Jindal D, Khanna R. Can serum MMP-3 diag-
nose early knee osteoarthritis? Journal of Orthopaedics
2023 Apr 1; 38: 42-6.

Jarecki J, Matecka-Masalska T, Kosior-Jarecka E, Widu-
chowski W. Krasowski P Gutbier M, Dobrzy ski M and
Blicharski T. Concentration of selected metalloproteinas-
es and osteocalcin in the serum and synovial fluid of
obese women with advanced knee osteoarthritis.
International Journal of Environmental Research and

Public Health 2022; 19(6): p. 3530.

Chen JJ, Huang JF, Du WX, Tong PJ. Expression and sig-
nificance of MMP3 in synovium of knee joint at different
stage in osteoarthritis patients. Asian Pacific Journal of
Tropical Medicine 2014 Apr 1; 7(4): 297-300.

Sulastri D, Arnadi A, Afriwardi A, Desmawati D, Amir A,
Irawati N, Yanis A, Yusrawati Y. Risk factor of elevated
matrix metalloproteinase-3 gene expression in synovial
fluid in knee osteoarthritis women. PloS one. 2023 Mar
31; 18(3): e0283831.

Received: December 12, 2024
Accepted: November 25, 2025




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


