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Correlation analysis of ADAMTS-4, VCAM-1, and TAK1 expression in
cartilage tissue from osteoarthritis patients.
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Abstract
Objective: Osteoarthritis (OA) is a chronic progressive lesions caused by multiple factors. Previous
finding showed that the expressions of ADAMTS-4, VCAM-1, and TAK1 were increased in the cartilage
tissue from OA compared with normal tissue. ADAMTS-4 was positively correlated with TAK1 level.
VCAM-1 expression was related to severity of OA. It was found that ADAMTS-4 and VCAM-1 can
influence the dynamic balance of ECM, while TAK1 may participate in OA through MAPKs and NF-κB
signaling pathways. However, the correlation of their expressions in cartilage tissue from patients with
OA is still unclear. This study intends to analyse their correlation in OA cartilage through the detection
of expressions in OA and normal cartilage.
Patients and methods: A total of 72 OA patients were enrolled and divided into two groups: severe OA
and mild-to-moderate OA groups. Another 22 healthy individuals were selected as normal control.
Western blot was applied to detect ADAMTS-4, VCAM-1, and TAK1 expression in cartilage tissue.
Their correlations were then analysed.
Results: There were 35 patients in severe group with mean age at 58.64 ± 4.32 y old, while 37 subjects in
mild-to-moderate group with average age at 57.32 ± 5.21 y old, the ages of which were no significant
different. The levels of ADAMTS-4, VCAM-1, and TAK1 in severe group were obviously higher than
that in mild-to-moderate group and normal control. The levels of these three genes presented positive
correlation with each other.
Conclusions: The expressions of ADAMTS-4, VCAM-1, and TAK1 were elevated and exhibited positive
correlation in cartilage tissues of patients with OA, which provides academic basis for the future
biomarkers in the therapy of OA.
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Introduction
With the growth of aging population in China, the incidence of
Osteoarthritis (OA) keeps on increasing, which seriously
influence the patient's psychological health, physical health,
and normal life [1]. As a type of chronic progressive joint
cartilage degenerative lesions, OA occurrence is accompanied
by a series of physiological and pathological processes
including inflammation and immune reaction. It is mainly
featured as cartilage Extracellular Matrix (ECM) degradation
and articular cartilage loss in clinic, of which the dynamic
imbalance of bone ECM metabolism is the major cause [2].
It was showed that a disintegrin and metalloproteinase with a
thrombospondin (ADAMTS) can promote the degradation of
ECM and participate in the maintenance of ECM dynamic
balance. However, the aberrant expression of ADAMTS may
directly induce imbalance of ECM. Moreover, it was found that
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ADAMTS-4 was overexpressed in OA compared with normal
people [3-6].
Vascular Cell Adhesion Molecule 1 (VCAM-1) is a kind of
important cell surface glycoprotein and is characterized as
regulating cell adhesion between cells. It was revealed that
VCAM-1 level was significantly higher in serum and cartilage
tissue of patients with OA than that in normal ones.
Meanwhile, VCAM-1 expression showed certain correlation
with the severity of OA and could be treated as one of the
predictors of the onset risk of OA [7-9].
Accumulative studies demonstrated that as one of the member
of Mitogen-Activated Protein Kinase (MAPKs) family,
transforming growth factor β activated kinase 1 (TAK1) was
not only related to the immune and inflammation, but also
involved in regulation of cell proliferation, differentiation, and
apoptosis. Furthermore, it participates in the regulation of a
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variety of signaling pathways, such as MAPKs and NF-κB.
Experimental data demonstrated that TAK1 was highly
expressed in the cartilage tissue of OA patients, thus related to
the course of OA [10-13].
As the expressions of ADAMTS-4, VCAM-1 and TAK1
showed certain association with OA occurrence and
development, this study aimed to clarify the interaction and
correlation among the three proteins by detecting their
expressions in the cartilage tissue from patients with OA, thus
to provide effective biomarkers for the early diagnosis of OA.

Materials and Methods
Materials
Goat anti-human monoclonal antibodies for TAK1,
ADAMTS-4 and VCAM-1 were bought from Xinlebio. Mouse
anti-goat secondary antibody was purchased from Santa Cruz.
EP tube was from Axygen. The washing buffer for Western
blot was from Beyotime. ECL reagent was from Thermo fisher.
Transfer buffer was from Bio-Rad. Lysis buffer was from
Shanghai Yili biochemical reagent co., Ltd. SDS-PAGE
automatic exposure meter was from ImageQuant™ LAS 500
integration imaging.

Clinical information
A total of 72 OA patients in Linyi People's Hospital from
October 2015 to October 2016 were enrolled. Exclusion
criteria: patients with tumor, acute or chronic arthritis,
tuberculosis, diabetes, autoimmune diseases such as
rheumatoid arthritis and ankylosing spondylitis, obvious
narrowed knee joint space, significant joint changes such as
advanced joint osseous stiffness and intra-articular fracture, in
pregnancy and lactation, allergic constitution, or other reactive
arthritis, etc. Another 22 patients with normal cartilage
received amputation were selected as normal control.

Cartilage tissue isolation and extraction
The cartilage tissue was isolated and kept on ice. The tissue
with size of around 1 mm3 was moved to 1.5 ml EP tube every
0.1 g tissue and stored at -80°C. The stored sample was
rewarmed on ice for 10 min and then treated by the mixture of
490 μl lysis and 10 μl protease inhibitor for 30 min. Next, the
tissue was grinded and centrifuged at 10 min at low
temperature. The supernatant was moved to a new EP tube and
boiled for 15 min together with 50 μl 10X loading buffer.

HE staining
The slice was dewaxed by xylene for 20 min and then gradient
dehydrated by ethanol (100%, 95%, 85% and 70%). After
being washed by ddH2O, the slice was stained by hematoxylin
for 5 min. Next, the slice was treated by 1% hydrochloricalcohol solution for 15 s. After stained by eosin for 5 min, the
slice was observed under the microscope to analyse the
cartilage tissue morphology.

Western blot
A total of 50 μg protein was separated by 8% SDS-PAGE at 60
V for 45 min followed by 125 V for 1.5-2 h. Then the protein
was transferred to membrane at 35 V for 40 min using the
semidry method. Next, the membrane was incubated in
primary antibody at 1:100 at 4°C overnight and secondary
antibody at 1:500 at room temperature for 2 h. At last, the
membrane was treated by ECL and detected by Bio-Rad
automatic detector. Protein expression was normalized to βactin and the expressional folds were determined.

Statistical analysis
All statistical analysis was performed using SPSS 13.0
software. The data was depicted as mean ± standard deviation
and analysed by Spearman rank correlation analysis. A
statistical difference was presented as P<0.05.

This study has been pre-approved by the ethical committee of
Linyi People's Hospital. All subjects have signed the consent
forms before recruitment in this study.

Results

Mankin scoring

Morphologic observation and scoring of OA cartilage
tissue

The cartilage in normal group presents moderate chondrocytes
number with normal cell structure under the microscope. The
surface is slightly uneven but the structure is complete. Some
cells appear mild hyperplasia but arrange in alignment.
Staining results show normal or light dyeing is considered as
0-1 point. More malacia, fracture, erosion, and ulceration
appeared on cartilage surface with local surface fibrosis is
evaluated as 2-14 points. According to the score, 0-1 was
considered as normal, 2-9 was treated as mild-to-moderate,
while ≥ 10 was evaluated as severe. The OA patients were
divided into severe and mild-to-moderate groups. There were
35 patients in severe group with mean age at 58.64 ± 4.32 y
old, while 37 subjects in mild-to-moderate group with average
age at 57.32 ± 5.21 y old. No statistical difference of age was
observed among groups.

The cartilage tissue was stained by HE for microscopic
observation according to Mankin criteria. As shown in Figure
1, normal articular cartilage exhibited smooth surface, more
cell number in alignment, uniform color, clear and visible
cartilage cell nucleus, and pink cartilage matrix.
Comparatively, the cartilage in OA patients presented coarse
surface, collagen fibrosis and crack formation in shallow
cartilage matrix layer, degenerate and hypertrophic
chondrocytes in fascicular alignment, and irregular cartilage
matrix staining. Additionally, uneven surface, decreasing cell
number, irregular shape, interstitial fibrosis, and crack
phenomenon were observed in mild-to-moderate group. The
disappearance of cartilage surface and extreme reduction of
cell number were found in severe group.
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Discussion

Figure 1. Cartilage tissue morphologic observation.

Protein expression in cartilage tissue
Western blot demonstrated that the expressions of
ADAMTS-4, VCAM-1 and TAK1 protein in cartilage tissue
from OA patients were statistically higher than that in normal
control (P<0.05, Figure 2). Moreover, their levels in severe
group were significantly higher than that in mild-to-moderate
group (P<0.05). It suggested that TAK1, ADAMTS-4, and
VCAM-1 changes in cartilage tissue of OA were positively
related to OA process.

OA is a kind of progressive disease, the causes of which are
complicated. It was reported that the environmental factors and
aberrant expressions of genes were both directly involved in
the occurrence and development of OA. Hysteretic treatment
due to insensitivity of early diagnosis leads to the degeneration
of articular cartilage and even cartilage loss, which needs
artificial joint replacement and causes serious harm to the
patients. At present, there is still lack of effective prediction,
diagnosis for the timely treatment of OA. Thus, it is of great
significance to determine novel biomarkers for the diagnosis,
prevention and control of OA [1-5].
In clinic, it was confirmed that cartilage degeneration was the
main pathological features of OA, while ECM homeostatic
imbalance was an important reason. ADAMTS-4 shows potent
effect to degrade aggrecanse and its elevation can induce ECM
imbalance, resulting in cartilage degeneration and OA.
Therefore the upregulation of ADAMTS-4 was proposed to be
treated as a predictor for OA [14,15]. Of note, as an important
cell adhesion factor, VCAM-1 is involved in regulating cellcell interaction and cell surface glycoprotein. The elevation of
VCAM-1 may inhibit local tissue degradation [16,17]. TAK1
plays a critical role in MAPKs and NF-κB signaling pathways.
It was revealed to participate in the pathological process of
OA. Similarly, our clinical data demonstrated that the
expressions of ADAMTS-4, VCAM-1, TAK1 in cartilage
tissue from OA patients were altered, which were consistent
with the previous findings [18-20].
Intriguingly, the levels of ADAMTS-4, VCAM-1 and TAK1
from patients were gradually enhanced as the OA aggravated.
Correlation analysis demonstrated that ADAMTS-4, VCAM-1,
and TAK1 expressions had significant correlation in both
severe group and mild-to-moderate groups, indicating that the
expressions of ADAMTS-4, VCAM-1 and TAK1 could be
used as predictor for the OA diagnosis and evaluation of OA
severity.

Conclusion
Figure 2. Western blot detection of ADAMTS-4, VCAM-1, and TAK1
expression. *P<0.05, compared with control. **P<0.01, compared
with control.

Correlation analysis of ADAMTS-4, VCAM-1 and
TAK1 expression
Pairwise comparison was performed to analyse the correlation
of ADAMTS-4, VCAM-1, and TAK1 expressions in cartilage
tissue. Our data showed positive correlation among the levels
of these three genes in OA patients. The levels of ADAMTS-4,
VCAM-1, and TAK1 exhibited significant difference between
mild-to-moderate group and normal control (P=0.032,
P=0.041, P=0.026, respectively), severe group and normal
control (P=0.014, P=0.0092, P=0.0054, respectively), and
severe group and mild-to-moderate group (P=0.043, P=0.045,
P=0.036, respectively).
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The expressions of ADAMTS-4, VCAM-1 and TAK1 were
increased in cartilage tissue of patients with OA and exhibited
positive correlation, which could be further used as indicators
in the prediction of occurrence and development of OA.
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