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Introduction

Osteoarthritis (OA) is a multifactorial, chronic joint condi-
tion. The progressive destruction of articular cartilage is a 
prominent feature of OA, causing impaired movement, 
pain, and, eventually, disability.1 Globally, there are more 
than 100 million people suffering from OA.2 The preva-
lence of symptomatic, radiographic OA in adult men and 
women aged 60 years and older is reported to be 10% and 
18%, respectively. As populations age, it is predicted that 
OA will become one of the major incentives of disability 
worldwide by the year 2020.2,3 The diagnosis is currently 
based on clinical symptoms in combination with radiogra-
phy to visualize the degenerative changes in the joint archi-
tecture. These changes can be observed only in an advanced 
stage of the disease, at which point tissue damage is consid-
ered irreversible.4 Radiologic evaluation of joints mainly 
assesses bone and is relatively insensitive to changes in car-
tilage tissue; a follow-up time for a year, and more likely for 

2 years, is essential to define disease progress and therapeu-
tic efficacy. Moreover, all radiography techniques illumi-
nate the historical vision of the damage that occurred earlier, 
instead of estimating the current rate of disease progression. 
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Abstract
Objective: Osteoarthritis (OA) is a global public health problem and a leading cause of morbidity and disability. Due to lack 
of sensitive and specific tools for early OA diagnosis and predicting prognosis, the availability of new reliable and sensitive 
biomarkers is a widely appreciated need to identify patients at risk for incident disease or disease progression. Accordingly, 
our study was conducted to validate the usefulness of disintegrin and metalloproteinase with thrombospondin motifs 5 
(ADAMTS5) and follistatin-like protein 1 (FSTL1) to achieve this goal. Design: Fifty-four male Wistar rats were randomized 
into 3 groups; 24 rats were subjected to medial meniscal tear (MMT) surgery on the right knee joint (OA group), 24 rats 
were subjected to sham surgery (sham group), and 6 healthy rats (negative control group). Six animals from each group 
were sacrificed every 2 weeks. At each time point, the right knee joint of each animal was visualized radiologically, a blood 
sample was collected, and cartilage tissues were isolated for histopathological and western blot analysis. Results: We found 
that the expression levels of ADAMTS5 and FSTL1 significantly increased with OA progression, especially at weeks 4, 6, 
and 8 after surgery. Notably, the serum levels of ADAMTS5 and FSTL1 showed significant positive correlations with each 
other and with the studied inflammatory markers. Conclusions: Our findings suggest that ADAMTS5 and FSTL1 can serve as 
important and informative serological markers of disease activity in OA. However, further research is needed to validate 
their use for improving the diagnosis and prognosis of OA in humans.
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Furthermore, lack of sensitivity and specificity is limiting 
the diagnostic competence of the conventional serum 
inflammatory markers including tumor necrosis factor-α 
(TNF-α), an important proinflammatory cytokine in the 
innate immune response; C-reactive protein (CRP), an 
acute-phase protein that plays an important physiological 
role in complement system activation; and the erythrocytes 
sedimentation rate (ESR), a well-validated and inexpensive 
test for the evaluation of inflammation.5-7

Alternative methods are therefore needed to detect 
osteoarthritic changes in joints at an early phase of the dis-
ease in a quantitative, reliable, and sensitive manner. 
Molecular biomarkers could be considered as a promising 
option in this respect.4,8 An ideal biomarker needs to be dis-
ease specific, measurable using noninvasive techniques, 
sensitive to therapy, and should be able to reflect the actual 
disease activity and predict disease consequences. Most 
likely, all these requirements are not fully met by a single 
biomarker; however, using a combination of biomarkers 
can represent an acceptable alternative.4

Recent studies in the field of OA biomarkers revealed 
that the desirable panels of biomarkers have to comprise 
markers of collagen synthesis and degradation, indicative 
of cartilage breakdown, and markers of bone and synovium 
breakdown, as well as inflammatory mediators.9-11

It is well known that in OA, an imbalance between the 
biosynthesis and degradation of the cartilage extracellular 
matrix components leads to the progressive destruction of 
the articular cartilage tissues and, ultimately, to irrevers-
ible damage to the articular surface. Proteoglycan and col-
lagen represent the major component of the cartilage 
matrix. In the process of cartilage degeneration, the loss of 
proteoglycan occurs first, and subsequently, collagen 
fibrils catabolism pursue, leading to loss of cartilage struc-
tural firmness.12,13

ADAMTS5 (a disintegrin and metalloproteinase with 
thrombospondin motifs 5) is an enzyme involved in the 
devastation of the cartilage-specific proteoglycan aggrecan. 
In humans, ADAMTS5 is encoded by the ADAMTS5 gene.14 
Aggrecan is a fundamental motif of cartilage matrix that 
enables cartilage tissues to endure compression.15 In OA, 
aggrecan destruction is a fundamental event in the early 
phases of the disease, but to date, the relative contribution 
of individual ADAMTS proteinases to cartilage damage 
during OA is not fully understood.15

FSTL1 (follistatin-like protein 1), also known as TSC36, 
is an extracellular glycoprotein originally cloned from a 
mouse osteoblast cells as a transforming growth factor-β 
(TGF-β)-inducible gene. FSTL1 is widely expressed in 
human tissues and is induced by ischemic stress and proin-
flammatory mediators. Although its roles at the molecular 
level is still not fully explained, numerous reports revealed 
that FSTL1 is implicated in the pathogenesis of rheumatoid 
arthritis.16 Despite the roles of FSTL1 on inflammation and 

immunity are complicated and argumentative, FSTL1 
expression and its correlation with the clinical features of 
OA patients have not been completely assessed yet.17

The present study was conducted to determine the use-
fulness of ADAMTS5 and FSTL1 as potential biomarkers 
of OA using medial meniscal tear (MMT) surgery in rats, 
which were previously used as a convenient model of 
OA.13,18-20 We also endeavored to conduct the correlation 
between these 2 proteins with OA progression and with a 
set of conventional OA-related inflammatory markers, 
including TNF-α, CRP, and ESR.5-7

Materials and Methods

Animal Model

Animal experiments were accomplished in accordance with 
the National Institutes of Health Guidelines (NIH 1985) for 
the Care and Use of Laboratory animals, and were approved 
by the Ethical Committee of the Faculty of Pharmacy, 
Al-Azhar University. Fifty-four, 16- to 17-week-old healthy 
male Wistar rats, weighing 150 to 160 g (El-Neil 
Pharmaceutical Company, Cairo, Egypt), were allowed to 
acclimatize for 2 weeks. Rats were housed (2 per cage) in a 
regulated environment (temperature, 20-22°C; humidity, 50 
± 5%; night/day cycle, 12 hours) with free access to stan-
dard diet pellets and sterile tap water ad libitum.

After 2 weeks of acclimatization, the animals were ran-
domly divided into 3 groups. In the first group (the OA 
group), 24 rats were subjected to unilateral MMT surgery 
on the right knee joint.19,20 Briefly, each rat was anesthe-
tized by intraperitoneal injection of pentobarbital (50 mg/
kg), and the anterior portion of the right knee was shaved 
and sterilized. The surgery was achieved under a dissecting 
microscope. Using a surgical blade (size 11), the skin was 
incised along the ventral midline of the right knee, and then 
the joint cavity was opened through the standard medial 
parapatellar approach. The suture line, which passed over 
the patellar ligament and medial collateral ligament, was 
stretched for observation of the cavity. An ophthalmic sur-
gical blade was used to incise the medial meniscotibial liga-
ment. After that, forceps were used to probe the anterior 
half of the medial meniscus to confirm its clear displace-
ment form the tibial plateau. After surgery, both the joint 
cavity and the skin were closed with absorbable and nonab-
sorbable fine sutures, respectively.

In the second group (the sham group), 24 rats were sub-
jected to a careful surgical opening of the right knee joint 
without incision of the medial meniscotibial ligament to 
serve as sham operated controls. A third group comprising 6 
rats was used as a healthy control group.

After surgery, 6 animals from each operated group were 
sacrificed every 2 weeks, that is, after 2, 4, 6, and 8 weeks. 
The 6 healthy control rats were sacrificed at the 8-week 
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time point. At each time point, the severity of the posttrau-
matic osteoarthritic changes in the right knee joints was 
visualized radiologically before cervical decapitation under 
isoflurane anesthesia. Blood was then collected from the 
aorta. The whole right knee joint was resected and divided 
into 2 parts: the first part was kept in 10% neutral buffered 
formaldehyde for histopathological investigations. The car-
tilage tissues of the second part were homogenized in ice-
cold Tris-HCl lysis buffer, pH 7.4, containing 1% protease 
inhibitor cocktail (Cell Signaling Technology, Inc., Danvers, 
MA) using a Potter-Elvehjem rotor stator homogenizer 
(glass/Teflon homogenizer) and kept at −70°C until use in 
western blot assays.

Radiological Examinations

At each time point, the severity of the posttraumatic osteo-
arthritic changes in the right knee joint was assessed radio-
logically by X-ray films (X-ray imaging apparatus, Hualun 
Medical Systems, China). Anterior-posterior and lateral 
knee radiographs were obtained in the relaxed position. The 
evaluation of radiologically defined OA was undertaken 
blindly by a radiologist and an orthopedic surgeon using the 
Kellgren-Lawrence (KL) system shown in the Atlas of 
Standard Radiographs of Arthritis.21 Posttraumatic osteoar-
thritic changes are classified according to the 5-level scale 
and are scored as follows: 0 (normal); 1 (doubtful OA); 2 
(minimal OA); 3 (moderate OA); or 4 (severe OA).21

Histological Examinations

Tissue samples from the right knee were fixed in 10% neu-
tral buffered formaldehyde at room temperature for 24 
hours. Decalcification was carried out in a 12% neutral 
EDTA (ethylenediaminetetraacetic acid) solution with sev-
eral changes of the solution over 4 weeks. Tissue specimens 
were cleared in xylene and were then embedded in paraffin 
at 56°C in a hot air oven for 24 hours. Tissue sections (4 
µm) were prepared with a sledge microtome, and the 
obtained tissue sections were placed on glass slides, depar-
affinized, and stained with hematoxylin and eosin (H&E). 
To reveal different macromolecules that make up the cells, 
other corresponding tissue sections were stained by 
Mallory’s trichrome stain. The stained slides were exam-
ined under an electric light microscope for the assessment 
of histopathological changes.22

Biochemical Estimations

Quantitative estimations of serum ADAMTS5, FSTL1, and 
TNF-α levels were carried out using the corresponding rat-
specific enzyme-linked immunosorbent assay (ELISA) kits 
(Biospes Co., Ltd., China) according to the manufacturer’s 
instructions. Serum CRP was assayed using an enhanced 

MISPA i2-based nephelometry kit (Agappe Diagnostics 
Switzerland GmbH). Part of the fresh blood sample was 
used to determine the ESR using an ESR Fast Detector.

Western Blotting

The proteins in each cartilage tissue homogenate were dena-
tured at 95°C for 5 minutes in 2× Laemmli buffer followed 
by the addition of 5% (v/v) 2-mercaptoethanol. SDS-PAGE 
electrophoresis was achieved by running 30 µg of protein per 
lane at 50 volts through a stacking gel followed by running at 
125 volts through 18% and 15% resolving gels for ADAMTS5 
and FSTL1, respectively, for 2 hours; proteins were then 
transferred to a polyvinylidene difluoride (PVDF) membrane 
using a T-77 ECL semidry transfer unit (Amersham 
BioSciences UK, Ltd.) for 2 hours. Immunoblotting was per-
formed by incubating the PVDF membrane in Tris-buffered 
saline (TBS) containing 0.1% Tween 20 and 5% nonfat milk 
for 1 hour at 4°C, followed by an overnight incubation at 4°C 
with a rabbit anti-ADAMTS5 polyclonal antibody (Boster 
Biological Technology Co., Ltd.) or a rabbit anti-FSTL1 
polyclonal antibody (Bioss Inc., USA) at dilutions of 1:1500 
and 1:1000, respectively. After washing 3 times with TBST 
buffer, each membrane was incubated for 1 hour at room 
temperature with an alkaline phosphatase-conjugated goat 
anti-mouse secondary antibody (Novus Biologicals, USA) at 
a dilution of 1:5000. After 4 washes with TBST, the mem-
brane-bound antibodies were detected with a commercially 
available BCIP/NBT substrate detection kit (Genemed 
Biotechnologies, Inc., USA). Equivalent protein loading for 
each lane was confirmed by stripping and reblotting each 
membrane at 4°C with a rabbit polyclonal anti-β-actin anti-
body (Novus Biologicals, LLC, Littleton, CO) at a dilution of 
1:5000. Each experiment was repeated 3 times to assure the 
reproducibility of results. Quantification was performed 
using ImageJ software and expressed as the band density 
relative to that of β-actin.

Statistical Analysis

The statistical analyses of the results were performed using 
GraphPad Prism software version 6.0 (GraphPad Software, 
Inc., San Diego, CA). All values are expressed as the mean ± 
SEM, and the variables were compared using one-way analy-
sis of variance (ANOVA) followed by Tukey’s t test for mul-
tiple comparisons. Differences were considered statistically 
significant at P < 0.05. The correlations between continuous 
variables were analyzed using Pearson’s correlation.

Results

Radiological Findings

To confirm that the MMT-induced OA model works, the 
posttraumatic osteoarthritic changes in the right knee joint 
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was radiologically visualized by X-ray films (Fig. 1). We 
found that, according to the KL grading scheme,21 the radio-
logical examinations of the healthy and sham control groups 
showed signs of grade (0) OA, that is, normal tibial plateau 
and subchondral bone, at all time points. In contrast, the 
radiological examinations of the OA group at week 2 
showed signs of grade (1) OA, that is, the joint space was 
slightly decreased, with joint space narrowing (JSN) and 
femur osteophyte formation. The radiological examinations 
of the OA group at week 4 showed signs of grade (2) OA, 
that is, osteophytes at the femoral and tibial plateaus, JSN in 
the tibiofemoral joint, bony subchondral sclerosis with 
cysts, and possible bony deformities. The radiological 
examinations of the OA group at week 6 showed signs of 
grades (2) and (3) OA, that is, femur osteophytes, reduced 
joint space, tibial plateau anterior and posterior osteophytes, 
bony subchondral sclerosis with cysts, and possible bony 

deformities. The radiological examinations of the OA group 
at the week 8 showed signs of grades (3) and (4) OA, that is, 
femur osteophytes, reduced joint space, tibial plateau ante-
rior and posterior osteophytes with epiphyseal flattening, 
and marked JSN and deformity in the tibiofemoral joint.

Histopathological Findings

Histological examinations were carried out to evaluate the 
effect of the MMT surgery on the articular tissues. The 
stained tissue sections of the healthy control group showed 
normal articular cartilage with normal histological fea-
tures; the cartilage surface was smooth, and the matrix and 
chondrocytes were organized into superficial (s), mid (m), 
and deep(d) zones—see Figure 2A and a. At week 2, the 
sham group showed minimal superficial fibrillation in the 
articular surface (arrow), accompanied by the necrosis of 

Figure 1. R epresentative X-ray films of the right knee joints from different groups. (A) The healthy control group, (B) the OA group 
at week 2, (C) the sham group at week 2, (D) the OA group at week 4, (E) the sham group at week 4, (F) the OA group at week 6, 
(G) the sham group at week 6, (H) the OA group at week 8, and (I) the sham group at week 8. FO = femur osteophytes; JSN = joint 
space narrowing; TP = tibial plateau.
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Figure 2.  Photomicrographs of articular cartilage from different groups. The capital letters refer to H&E staining, and the 
corresponding lowercase letters refer to Mallory’s trichrome staining at a magnification of 10×. (A and a) are examples from the 
healthy control group, (B and b) sham group week 2, (C and c) OA group week 2, (D and d) sham group week 4, (E and e) OA 
group week 4, (F and f) sham group week 6, (G and g) OA group week 6, (H and h) sham group week 8, and (I and i) OA group 
week 8. (c) = chondrocytes; (d) = deep zones; (f) = vertical fissuring; (m) = mid zones; (n) = necrosis; (p) = bone plate; (s) = 
superficial zones. Stars and arrows are used to point out the changes in the matrix staining and the articular surface, respectively.
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some chondrocytes (c), with unaffected mid and deep 
zones—see Figure 2B and b. At week 2, the articular sur-
face in the OA group showed superficial fibrillation 
(arrow), with vertical fissuring (f) and a prominent 
increase in the matrix (star) extending to the mid and deep 
zones—see Figure 2C and c. At week 4, the articular sur-
face in the sham group exhibited some superficial fibrilla-
tions (arrow) with surface discontinuity, cell necrosis, and 
an increase in the matrix staining (star)—see Figure 2D 
and d. Conversely, at week 4, the OA group showed 
marked erosion in the articular surface (arrow) with mas-
sive necrosis of the cells (n) extending to the deep zone—
see Figure 2E and e. At week 6, the articular surface in the 
sham group had mild vertical fissuring (f) extending to the 
mid-zone—see Figure 2F and f. On the contrary, the artic-
ular surface in the OA group, at week 6, showed more 
extensive erosion (arrow) resulting in excavation, matrix 
loss with prominent fissuring, and more cellular necrosis 
(n) than that in the sham group—see Figure 2G and g. At 
week 8, the articular surface in the sham group had slight 
erosions with minimal cartilage matrix loss extending to 
the mid and deep zones—see Figure 2H and h. Conversely, 
at week 8, the articular surface in the OA group was 
deformed and completely eroded (arrow), showing signs 
of bone remolding and the presence of a bone plate (p)—
see Figure 2I and i.

Biochemical Estimations

We found that the serum levels of ADAMTS5 showed a 
time-dependent increase in the OA group but not in the 
sham group, which presented stable low levels of 
ADAMTS5 in serum throughout the experiment (Fig. 3A). 
Significant increases in the serum levels of ADAMTS5 
were reported in the OA group at weeks 4, 6, and 8 after 
surgery compared to the levels in the healthy controls. 
Compared to the ADAMTS5 levels in the sham group, the 
increased levels of ADAMTS5 in the OA group were only 
significant at weeks 6 and 8. The increase in the ADAMTS5 
serum levels in the OA group at weeks 4, 6, and 8 was not 
statistically significant compared to the previous time point.

The circulating levels of FSTL1 were significantly 
higher in the OA group at weeks 6 and 8 after surgery com-
pared to the healthy and sham control groups (Fig. 3B). We 
found that the FSTL1 serum levels significantly increased 
in the OA group at week 6 compared to the previous time 
points and remained high at week 8.

Also, our results established that the serum CRP levels 
showed a time-dependent increase in the OA group but not 
in the sham group, with the levels in the OA group signifi-
cantly higher than in the sham group at weeks 4, 6, and 8 
(Fig. 3C). The increase in CRP levels in the OA group was 
gradual and not statistically significant between consecu-
tive time points.

Regarding TNF-α, serum levels in the OA and sham 
groups were relatively similar to those in the healthy group 
at weeks 2 and 4 postsurgery. However, in the OA group the 
levels significantly increased at weeks 6 and 8 compared to 
the corresponding sham group (Fig. 3D).

With regard to ESR, we observed significant increases in 
the OA group at weeks 4, 6, and 8 compared to healthy and 
sham controls, which presented similarly low ESR values at 
all the time points analyzed. At week 8, the ESR values in 
the OA group were significantly higher than those in the OA 
group at week 6 (Fig. 3E).

To show whether and how strongly each pairs of the 
assessed biomarkers are related, correlation statistics were 
performed. We found that the serum levels of ADAMTS5 
showed a significant positive correlation with the circulating 
levels of FSTL1 (r = 0.89; P < 0.0001), CRP (r = 0.88; P < 
0.0001), and TNF-α (r = 0.82; P < 0.0001), as well as with 
the ESR values (r = 0.88; P < 0.0001), as illustrated in 
Figure 4A to D. Additionally, the serum FSTL1 levels exhib-
ited significant positive correlations with the serum CRP (r = 
0.84; P < 0.0001) and TNF-α (r = 0.81; P < 0.0001) levels, 
as well as with the ESR values (r = 0.82; P < 0.0001), as 
illustrated in Figure 4E to G. Moreover, serum CRP levels 
showed significant positive correlations with the levels of 
TNF-α (r = 0.77; P < 0.0001) and ESR values (r = 0.91; P 
< 0.0001), as illustrated in Figure 4H and I. TNF-α exhib-
ited a significant positive correlation with the ESR values (r 
= 0.80; P < 0.0001), as illustrated in Figure 4J. Together, 
these results showed that ADMST5 and FSTL1 serum levels 
increased as OA progressed and that this increase correlated 
with an increase in inflammatory markers.

Western Blot Assessments of ADAMTS5 and 
FSTL1

Next, we analyzed ADAMTS5 and FSTL1 protein levels in 
the cartilage of knee joints of rats by western blot. The results 
showed an increase in the levels of ADAMTS5 protein in the 
OA group over time (Fig. 5A), more detail are presented in 
the supplemental material published with this article. This 
increase was significant at weeks 4, 6, and 8 compared to both 
healthy controls and the corresponding sham group. There 
were no significant increases in the levels of ADAMTS5 pro-
tein in the sham group compared to the healthy controls or 
between the OA group at consecutive time points.

Similarly, western blot analysis revealed a pronounced 
time-dependent increase in the level of FSTL1 protein in 
the OA groups (Fig. 5B). FSTL1 protein expression was 
significantly increased in the OA group at weeks 4, 6, and 8 
compared to both the healthy controls and the correspond-
ing sham group. There were no significant increases in the 
levels of FSTL1 protein in the sham groups compared to the 
healthy controls. In the OA group, FSTL1 levels at multiple 
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Figure 3.  Serum levels of ADAMTS5 (A), FSTL1 (B), CRP (C), and TNF-α (D), as well as ESR values (E), in the indicated groups. 
The data are presented as the means ± SEMs (n = 6 rats). The lowercase letters a, b, and c, indicate significant differences between 
the OA group and the healthy control group, the corresponding sham group, and the previous OA stage, respectively.
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Figure 4.  Pearson’s correlations between the continuous variables in the study: (A) between serum ADAMTS5 and serum FSTL1; 
(B) between serum ADAMTS5 and serum CRP; (C) between serum ADAMTS5 and serum TNF-α; (D) between serum ADAMTS5 
and ESR; (E) between serum FSTL1 and serum CRP; (F) between serum FSTL1 and serum TNF-α; (G) between serum FSTL1 and 
ESR; (H) between serum CRP and serum TNF-α; (I) between serum CRP and ESR; (J) between serum TNF-α and ESR.
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exposures of different blots are presented in the supplemen-
tal material published with this article.

Discussion

Osteoarthritis is the most common progressive adult joint 
disorder.4,23 Disease progression is associated with synovial 
inflammation, cartilage degradation, JSN, and bony changes 
and affects many health outcomes.8,24,25 To supplement con-
ventional biochemical and imaging techniques, there is an 
urgent medical need for the validation of novel biomarkers 
that identify patients at risk for progressive disease, identify 
molecular events that indicate early stages of the disease, 
and could be used as clinical surrogates that respond to can-
didate disease-modifying OA drug interventions expected 
to improve the clinical outcomes.4

A previously published study reported that the increased 
breakdown of aggrecan is associated with the development 
of OA and that it could be mediated by members of the 
ADAMTS family of metalloproteinases.26 One member in 
particular, ADAMTS5, is a major aggrecanase in cartilage 
metabolism and is involved in OA pathology.18,27 Work on 
ex vivo models supported a mechanism of cartilage destruc-
tion in which the production of ADAMTS5 in the synovium 
and the activation of ADAMTS zymogens in the articular 
tissues, rather than cytokine-induced ADAMTS5 expres-
sion by articular chondrocytes, might be responsible for the 
loss of cartilage proteoglycan in mice.28

In the current study, there was a time-dependent increase 
in both the serum and tissue levels of ADAMTS5 in the OA 

groups compared to the control groups. This finding agrees 
with previous reports showing that ADAMTS proteins are 
upregulated in OA-affected cartilage and act as key down-
stream players in the inflammatory signal cascade.29,30 Our 
finding that ADAMTS5 levels in serum and cartilage tissue 
were markedly increased in the OA groups at weeks 4, 6, 
and 8 supports previous findings showing an increased 
expression of ADAMTS5 in knee cartilage from patients 
with late-stage OA but not in those with early-stage OA.31,32

The increased ADAMTS5 levels in OA could be due to 
enhanced aggrecanase activity against existing aggrecan in 
the joint cartilage matrix or against newly synthesized and 
secreted aggrecan in acute inflammatory arthritis.33 Other 
investigators found that a single injection of lentivirus-
mediated ADAMTS5 siRNA prevented the degradation of 
articular cartilage in rats. They suggested that silencing 
ADAMTS5 expression in articular cartilage might be a 
promising approach to inhibit the progression of OA.18 
Most animal studies have shown that ADAMTS5 mRNA 
expression is upregulated by catabolic cytokines.34 This 
mechanism may explain the significant positive correla-
tions we found between the levels of serum ADAMTS5 and 
those of the conventional inflammatory markers, TNF-α, 
CRP, and ESR. TNF-α, for example, is known to be 
involved in cartilage degradation and is a potent inhibitor of 
cartilage matrix synthesis.13

FSTL1, an extracellular glycoprotein, has been reported 
to be implicated in the pathogenesis of OA.16 In the present 
study, both the serum and tissue levels of FSTL1 were 
noticeably increased in the OA groups but not in the healthy 

Figure 5. R epresentative western blot analyses of ADAMTS5 (A) and FSTL1 (B) levels in cartilage tissue homogenates from different 
groups. β-Actin was used in parallel as the internal control. The panels on the right represent the corresponding quantification of each 
analysis as measured by ImageJ software and expressed as the relative band density to that of β-actin. The level of significance was 
accepted as P < 0.05, and all relevant results are graphically displayed as the mean ± SEM. The lowercase letters a, b, and c indicate 
significant differences between the OA group and the healthy control group, the corresponding sham group, and the previous OA 
stage, respectively.
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control or sham groups. FSTL1 levels exhibited a positive 
correlation with the severity of OA, as assessed by our his-
topathological and radiological results at different time 
points. These findings are in agreement with those of other 
investigators who showed that FSTL1 expression is induced 
in mice exacerbates collagen-induced model of arthritis and 
is correlated with disease activity,35,36 while its neutraliza-
tion suppresses collagen-induced arthritis.37 However, con-
flicting data have shown that FSTL1 could have a potential 
preventive effect on joint destruction by hindering the pro-
duction of matrix metalloproteinases and cytokines both in 
vitro in synovial cells and in vivo mouse models.16

In the context of OA, the increase in FSTL1 expression 
fits with the hypothesis that FSTL1 is a leading regulatory 
cytokine that stimulates the release of proinflammatory 
mediators by cells in arthritic joints.35 Other reports have 
suggested that FSTL1 has robust proinflammatory charac-
teristics that can exacerbate OA.38

The effects of FSTL1 on cytokine expression were 
recorded in a different study, in which FSTL1 overexpres-
sion increased IL-6, IL-8, and MCP-1 synthesis in activated 
macrophages and stromal cells, suggesting that FSTL1 has 
a role in regulating the expression of these cytokines.35 
TGF-β has been reported to synergize with IL-6, leading to 
the overexpression of FSTL1, which in turn leads to the 
aggravation of synovial inflammation.16,35 The mechanism 
by which FSTL1 acts to accomplish this effect is currently 
unclear; however, the numerous proinflammatory effects of 
FSTL1 that have been observed suggest that it may act as an 
adjuvant to amplify the release of proinflammatory media-
tors. This hypothesis is supported by previous data showing 
that FSTL1 can promote T-cell responses and induce the 
expression of IFN-γ.36 Transfection of FSTL1 into macro-
phages results in an upregulation of proinflammatory cyto-
kines, whereas the neutralization of endogenous FSTL1 
recovers inflammation, further indicating that FSTL1 may 
act as a proinflammatory molecule.36,37

Also, FSTL1 has been described as a new proinflamma-
tory mediator that causes and aggravates OA by promoting 
the expression of IL-1b, TNF-α, and IL-6 and by enhancing 
the activity of the interferon signaling pathways.16 This pro-
posed role of FSTL1 is supported in our study by the sig-
nificant positive correlations between FSTL1 levels and the 
evaluated inflammatory markers, including, TNF-α, CRP, 
and ESR, as well as the histological and radiological assess-
ments in the OA groups, as previously documented in sev-
eral studies.36,37,39

Conclusion

Our findings proposed that ADAMTS5 and FSTL1 can 
serve as important and informative serological markers of 
disease activity in OA. However, supplementary clinical 
researches are in demand to validate the use of these 

biomarkers for improving the diagnosis and prognosis of 
OA in humans. Ultimately, further understanding of their 
contribution to the disease (by directly breaking down car-
tilage or stimulating inflammation) could point to new 
approaches for treating OA.
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