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Abstract

Objective
Interleukin-1β (IL-1β) is a potentially important cytokine involved in several pathological processes of
osteoarthritis (OA). It is well known that a disintegrin and metalloproteinase with thrombospondin motifs
(ADAMTS-4/-5) and transforming growth factor-β activated kinase 1 (TAK1) contribute to the degradation
of human OA cartilage aggrecan. The purpose of this study was to investigate the mechanism by which
IL-1β induced the expression of ADAMTS-4/-5 and TAK1 in human OA cartilage aggrecan degradation.

Methods
The pathological changes of cartilage tissues and chondrocytes were observed by histomorphological
analysis. OA chondrocytes were isolated from human articular cartilage tissues and stimulated with
10 ng/ml of IL-1β at the per-designed times (24 h, 48 h, 72 h). Expression of ADAMTS-4/-5 and TAK1 in
cartilage tissues and chondrocytes were measured using immunohistochemistry (IHC) and Western blot
(WB).

Results
The level of IL-1β in synovial �uid in the normal group was signi�cantly lower than that in OA group. The
expression of ADAMTS-4/-5 and TAK1 were simultaneously upregulated in human OA cartilage
tissues,and ADAMTS-4 was more positively correlated with TAK1 than ADAMTS-5. Furthermore, the
expression of ADAMTS-4/-5 and TAK1 were increased by stimulation with IL-1β in human OA
chondrocytes, but no positive correlation was found.

Conclusion
It is proposed that reducing the expression of ADAMTS-4/-5 in prevention of OA may involve the
inhibition of TAK1 activity.

Background
With the rapid aging of the global population, more elderly people suffer from joint pain, deformity and
dysfunction caused by osteoarthritis (OA) [1]. OA is a common orthopedic disease among the elderly and
a chronic, in�ammation-related progressive degenerative disease characterized by destruction of
cartilage and aggrecan degradation of cartilage extracellular matrix (ECM), which is affected by many
risk factors, such as gender, age, obesity, in�ammation, and trauma [2, 3]. Although the pathogenesis of
OA remains to be elucidated, it is speculated that the imbalance between anabolism and catabolism in
cartilage ECM contributes to the progression of OA [1, 4]. Previous researchers have shown that collagens
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and aggrecan are the key components of cartilage ECM [5]. Collagens can be degraded by collagenases
or the matrix metalloproteinase (MMP) family, such as MMP1, MMP2, MMP3, MMP9, and MMP13 [6, 7].
The degradation of aggrecan is induced by aggrecanases, which belong to a disintegrin and
metalloproteinase with thrombospondin motifs (ADAMTs), such as ADAMTS-1, ADAMTS-4, ADAMTS-5,
ADAMTS-8, and ADAMTS-9 [7, 8, 9]. It has been reported that degradation and loss of aggrecan caused
by ADAMTs was a key event in primary OA, while MMPs played an important role in late OA progression
[10, 11]. While there are several reports in the literature indicating that both ADAMTS-4/-5 contribute to the
pathogenesis of human OA, the question of which aggrecanase contributes more to cartilage aggrecan
degradation remains somewhat controversial.

Numerous in�ammatory cytokines, such as interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-17 (IL-
17), and tumor necrosis factor-a (TNF-a) have been shown to play a pivotal role in the progression of
cartilage aggrecan degradation in OA [12, 13]. Furthermore, these in�ammatory cytokines suppress the
expression of anabolic substances, such as aggrecan and type  collagen, as well as stimulate various
catabolic enzymes, such as MMPs and ADAMTs through the cascade ampli�cation of cell signal
transduction pathways, which result in the development of OA [13, 14].

Transforming growth factor-β activated kinase 1 (TAK1) is a mitogen-activated protein kinase kinase
kinase (MAP3K) family member, which can be activated by pro-in�ammatory cytokines, such as IL-1,
transforming growth factor (TGF), and TNF-a [15, 16]. As an important upstream kinase of MAPK and
nuclear factor-κB signaling pathways, TAK1 can regulate downstream transcription factors and then
mediate the expression of cyclooxygenase 2(COX2)and prostaglandin-e2 (PGE2) in chondrocytes,
suggesting that TAK1 might participate in OA progression [15, 17]. However, there are fewer studies om
the function of TAK1 in pathogenesis of OA progression.

Although previous research has contributed to the progression of OA pathogenesis, further clari�cation is
needed. In the current study, we investigated the essential roles of IL-1β, TAK1, ADAMTS-4/-5 in
promoting cartilage aggrecan degradation in OA. To better understand the underlying pathogenesis
mechanism, we also attempted to examine TAK1, ADAMTS-4/-5 expression induced by IL-1β in cultured
human OA chondrocytes. The aim of this study was to provide a novel experimental target for the
prevention of OA and research the underlying mechanism.

Materials And Methods
Articular cartilage specimen collection

Normal human cartilage tissues were collected from 10 traumatic amputees (6 women and 4 men, mean
age 24-40 years) who underwent above-the-knee amputations. OA cartilage tissues were obtained from
20 patients who underwent total knee arthroplasty. Diagnosis of the patients with OA (12 women and 8
men, mean age 52-76 years) was based on knee joint OA diagnostic criteria recommended by American
Rheumatism Association Criteria. All cartilage tissues were collected anatomically from the femoral
condyles and tibial plateaus, which were stored at -80°in a liquid nitrogen refrigerator. All patients
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provided informed consent for this research in accordance with the protocol approved by the institutional
review board and ethics committee of the People's Hospital of Bozhou City and the First A�liated
Hospital of Anhui Medical University.

Cell isolation, culture, and stimulation with IL-1β

Chondrocytes from human OA cartilage tissues were minced into small pieces less than 1 mm3 with the
aseptic scalpel and washed 3 times with phosphate-buffered saline (PBS; Beyotime, Shanghai, China).
After that, the cartilage pieces were digested at 37℃ with 0.25% (w/v) trypsin-ethylenediaminetetraacetic
acid (EDTA, Beyotime) solution for 30 min before incubating with 0.2% type  collagenase (Beyotime) in
high-glucose Dulbecco's modi�ed Eagle's medium (DMEM; Gibco, Grand Island, NY, USA) at 37℃ for 18-
20 h. The cell suspension was �ltered through 200-µm meshes, centrifuged at 1,500 rpm for 10 min, and
washed extensively with PBS (Beyotime). Subsequently, the isolated primary chondrocytes were
resuspended in high-glucose DMEM (Gibco) containing 20% fetal bovine serum (FBS; Gibco), 100 U/ml of
penicillin (Gibco), and 100 mg/ml of streptomycin (Gibco). Finally, cells were seeded in 100 cm2 culture
�asks and incubated at 37℃ in an atmosphere of 5% CO2. The medium was changed every other day.
The isolated primary chondrocytes could be passaged after spreading 80-95% culture �asks in
approximately 7 days.

Chondrocytes were passaged enzymatically, detaching with 0.25% (w/v) trypsin-EDTA solution
(Beyotime), and cultured chondrocytes were split in a ratio of 1:3. The third-generation chondrocytes were
used for the experiment and maintained for 24 h in high-glucose DMEM (Gibco) supplemented with 20%
FBS (Gibco) and 1% penicillin (Gibco)/streptomycin (Gibco) at 37℃ in an atmosphere of 5% CO2.

Thereafter, chondrocytes in 6-well plates were washed with PBS (Beyotime) and treated with IL-1β (10
ng/mL; Beyotime, Shanghai, China) in serum-free high-glucose DMEM (Gibco) for 24 48, and 72 h. At the
end of the stimulation period, the cell growth situation was observed by inverted microscope, while the
cells were collected to analyze the expression of TAK1 and ADAMTS-4/-5 using Western blot assay. Cells
in 96-well plates were stimulated in serum-free high-glucose DMEM (Gibco) with or without IL-1β (10
ng/ml) for 0, 24, 48, or 72 h. At con�uence, the effect of IL-1β on the chondrocyte viability was detected
by Cell Counting Kit-8 (CCK-8) assay.

Enzyme-linked immunosorbent assay (ELISA)

The concentration of IL-1β in the synovial �uid of normal and OA knee joints was collected in surgery and
detected using commercial ELISA kits (Beyotime) according to the manufacturer’s instructions. All the
assays were performed in duplicate. The absorbance values were read at 450 nm.

Cell viability assay

The effect of IL-1β on chondrocyte viability was measured by CCK-8 assay according to the
manufacturer’s instructions. Brie�y, as indicated in the treatments with cells, 10 µl CCK-8 solution
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(Beyotime) was added to each well, and the cells in the 96-well plates were incubated at 37℃ for 2 h.
Absorbance at 450 nm (Leica Microsystems, Germany) was measured using a microplate reader (Bio-
Rad, Hercules, CA, USA). The same conditions without IL-1β were used as the control.

Immunohistochemistry assay

After cartilage tissues were collected from normal and OA patients, �xed with formalin, decalci�ed by
10% EDTA (Beyotime), conventionally dehydrated, embedded in para�n, serial sliced into 3- 4-µm slices,
prepared for hematoxylin-eosin (HE) and immunohistochemical (IHC) slices. The operation steps of IHC
were as follows: the cartilage tissue slices were baked in an oven at 65℃ for 24 h, dewaxed in xylene,
and dehydrated in a gradient concentration of ethanol. The cartilage tissues and chondrocytes sections
were then washed in PBS (Beyotime) and incubated with proteinase K (Beyotime) and superoxide
dismutase (SOD, Beyotime) for 30 min. Thereafter, endogenous peroxidases were blocked by 0.3%
peroxide (Beyotime) for 20 min. Sections were incubated with dilution of primary antibodies (rabbit anti-
TAK1, 1/200 dilution; rabbit anti-ADAMTS-4, 1/200 dilution; mouse anti-ADAMTS-5, 1/250 dilution;
Abcam, Cambridge, MA, USA) overnight at 4℃. Next day, sections were incubated with a universal
biotinylated secondary antibody (Beyotime) complex for 30 min and reaction was stopped by rinsing in
PBS. DAB chromogenic reagent (Beyotime) was added for approximately 2 min, and sections were
counterstained with Mayer’s hematoxylin and Scott’s blue with running tap water. Next, they were
dehydrated with a gradient (Beyotime) concentration of ethanol, cleared with xylene, and mounted with a
coverslip. The results were observed by inverted microscope (Olympus, Japan) and analyzed by
ImagePro Plus version 6.0 (IPP 6.0).

Toluidine blue staining assay

The morphology and aggrecan degradation of cultured human OA chondrocytes were identi�ed by
toluidine blue staining as previously described. The slide glasses were taken out from 6-well plates and
washed in PBS (Beyotime). Next, the slides were �xed with 4% paraformaldehyde (Beyotime) at room
temperature for 30 min, stained with toluidine blue for 30 min, and rinsed rapidly in dehydrated alcohol.
Finally, they were air-dried, dehydrated with a gradient concentration of ethanol, cleared with xylene, and
mounted with cover slips. The stained cells were observed and captured using an inverted microscope
(Olympus, Japan). The preparation of cartilage tissue slices was the same as that of IHC slices, and the
remaining HE (Beyotime) staining steps are similar to toluidine blue staining.

Western blot assay

The total protein expression of TAK1 and ADAMTS-4/-5 were extracted from cartilage tissues and
chondrocytes analyzed by western blot as previously described. Cartilage tissues (0.05 g), 499 µl of
radioimmunoprecipitation assay (RIPA, Beyotime) lysate and 1 µl of benzenesulfonyl-�uoride (Beyotime)
were put into a homogenizer and underwent adequate grinding and cracking for 30 min in the ice bath.
The tissue lysates were collected in 2-ml centrifuge tubes. The stimulated chondrocytes were washed 3
times with ice-cold PBS, harvested by a scraper and incubated for 30 min with RIPA buffer (Beyotime).
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The tissue lysates and cell lysates were centrifuged at 12,000 rpm for 10 min, and the supernatants were
collected. The protein concentration was measured by a bicinchoninic acid (BCA) protein kit (Beyotime).
Protein samples were heated at 95℃ for 5 min with sample loading buffer, and 15 µl of protein was
separated on a 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gel
(Beyotime). Cellular protein was transferred to polyvinylidene di�uoride (PVDF, Beyotime) membranes by
electroblotting and blocked with 5% nonfat milk in 0.1% Tris-Tween PBS (TPBS) for 1.5 h. The
membranes were incubated with rabbit polyclonal antibodies for TAK1(1/200 dilution; Abcam), ADAMTS-
4(1/200 dilution; Abcam), ADAMTS-5 (1/250 dilution; Abcam), and mouse mAb β-actin (1/500 dilution;
Abcam) overnight at 4℃. Membranes were washed 3 times with TPBS and incubated with a goat-rabbit
or goat-mouse immunoglobulin G-horseradish peroxidase (IgG-HRP)-conjugated secondary antibody
(Abcam) at 1:10,000 dilution for 2 h. After washing, protein bands were detected using an enhanced
chemiluminescence (ECL) kit (Beyotime) and visualized by autoradiography (Bioshine, Shanghai, China).
Immunoblots were analyzed by densitometry using ImageJ software.

Statistical analysis

All experimental data in this study are expressed as the means ± deviation (SD) and analyzed by SPSS
13.0 software. Student′s t-test and one-way analysis of variance (ANOVA) were used to analyze the
statistical signi�cance. p < .05(*) was considered a statistically signi�cant difference.

Results
ELISA results

The concentration level of IL-1β in synovial �uid of normal and OA knee joints were detected using ELISA.
As shown in Fig. 1, IL-1β in synovial �uid in the normal group was signi�cantly lower than in the OA group
(p < .01).

HE staining assay

HE staining was used to observe the morphology and aggrecan degradation of cartilage tissues. As
shown in (Fig. 2A), in the normal group, the surface of cartilage tissue was smooth or showed
microscopic change, and the chondrocytes were located in the cartilage lacunae, and arranged regularly
layer by layer. In the OA group, the surface was irregular, with collagen �brosis and �ssure, the staining of
the sub-cartilage matrix was inhomogeneous, and the degenerative chondrocytes were arranged in
clusters.

IHC analysis of expression of ADAMTS-4/-5 and TAK1 in cartilage tissues

The expression of ADAMTS-4/-5 and TAK1 in normal and OA cartilage tissues were analyzed by IHC. As
shown in Fig. 2B, ADAMTS-4-postive chondrocytes were localized in super�cial and transitional zones in
the OA group, while no or negligible staining was observed in the normal group. The location of ADAMTS-
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5-postive chondrocytes were similar to ADAMTS-4. Both ADAMTS-4/-5 expression in the normal group
were signi�cantly lower than in the OA group (p < .01) (Fig. 2C and D). TAK1-postive chondrocytes, which
were stained with brownish-yellow granules in normal group, were similar in the OA group, but the amount
and the staining intensity was decreased. The expression of TAK1 in normal group was signi�cantly
lower than in the OA group (p < .01) (Fig 2E). The expression of ADAMTS-4/-5 and TAK1 were consistent
with western blot analysis results (Fig 2F).

Phenotypic determination of primary human OA chondrocytes

The morphology of primary human OA chondrocytes is shown in Fig. 3A. The phenotype was determined
by toluidine blue staining and IHC of aggrecan staining, as shown in Fig. 3B and 3C.

Effect of IL-1β on the morphology and aggrecan degradation of cultured OA chondrocytes

The change of morphology and aggrecan degradation in cultured OA chondrocytes were obvious at the
premeditated times. As shown in Fig. 3D, the adherent primary human chondrocytes grew faster. Then,
the chondrocyte edges protruded and pseudopodium extended, presenting as multipolar or stellate. A
high density of chondrocytes was arranged closely, presenting a cobblestone-like appearance, and they
secreted a large amount of aggrecan. The chondrocyte gap was found to expand, stretching out more
pseudopodium for cellular junction and aggrecan degradation after stimulation with or without IL-1β at
10 ng/ml for 0, 24, 48, and 72 h by an inverted microscope. 

Effect of IL-1β on chondrocyte viability

The effect of 10 ng/ml IL-1β on chondrocyte viability was detected by CCK-8 assay. As shown in Fig. 3E,
CCK-8 assays revealed that 10 ng/ml IL-1β had no signi�cant cytotoxic effect on human OA
chondrocytes after incubation at a concentration of 10 ng/ml for 24, 48, and 72 h (p >.05).

Effect of IL-1β on the expression of ADAMTS-4/-5 and TAK1 in cultured human OA chondrocytes

Expression of ADAMTS-4/-5 and TAK1 induced by 10 ng/ml of IL-1β in cultured human OA chondrocytes
were analyzed by Western blot. As shown in Fig. 3F, the result showed that 10 ng/ml of IL-1β stimulation
signi�cantly induced the expression of ADAMTS-4 and TAK1, while ADAMTS-5 protein was slightly
increased in response to the stimulation of IL-1β.

The respective correlation between ADAMTS-4/-5 and TAK1

The above �ndings showed that the expression of ADAMTS-4/-5 and TAK1 were simultaneously
upregulated in the OA group compared to the normal group (Fig. 2C-E). Furthermore, we observed that the
respective correlation between ADAMTS-4/-5 and TAK1 were analyzed by Spearman’s rank correlation
analyses, and ADAMTS-4 was also more positively correlated with TAK1 than ADAMTS-5 (p < .05) (Fig.
4A-B). Herein, results showed that expression of ADAMTS-4/-5 and TAK1 were induced by stimulation
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with IL-1β in human OA chondrocytes, but interestingly, the respectively positive correlation was not
found between them.

Discussion
With the rapid aging of global population, the incidence rate of OA has increased in recent years, and the
morbidity is > 10%. [4, 18]. OA is a chronic progressive joint disease, characterized by arthrosynovitis,
degeneration and destruction of cartilage, subchondral bone sclerosis, and osteophyte formation [19]. In
recent years, several studies have improved our understanding of the heterogeneous and complicated
pathogenesis of OA development and provided potential targets for clinical therapy of OA, but the precise
etiological mechanism of OA remains to be elucidated. Aggrecan and hyaluronan �ll the interstices of
collagen meshwork, which together with diaspora chondrocytes constitute the articular cartilage [9, 20].
The proteoglycan aggrecan and type  collagen are the two major components of articular cartilage
extracellular matrix [5, 21]. The subsequent destruction of articular cartilage, degradation of cartilage
extracellular matrix and progressive loss of joint function are induced by the imbalance between anabolic
and catabolic cartilage extracellular matrix, which is a pathological feature in the progression of OA [22].
Proteoglycan aggrecan plays an important role in compression resistance and elasticity of articular
cartilage extracellular matrix, which makes articular cartilage adjust to joint biomechanical movement
[21, 23]. Thus, the loss of proteoglycan aggrecan is considered to be a crucial event in the pathogenesis
of OA [24].

Previous studies have reported the degradation of proteoglycan aggrecan mediated by aggrecanase in
the initial phase of OA articular cartilage destruction [9, 25]. Aggrecanases belong to the ADAMTS family
and play a crucial role in aggrecan degradation, which occurs in the aggrecanase-speci�c site (Glu373-
Ala374) existing in the interglobular domain (IGD) region [26]. While both ADAMTS-4 and ADAMTS-5 are
the most e�cient aggrecanases related to human OA joint disease, the question of which one contributes
more to the degradation of human articular cartilage remains controversial [10, 27, 28]. Previous results
revealed that ADAMTS-4 plays a signi�cant role in aggrecan catabolism by using immunoprecipitation
with anti-ADAMTS-4 and anti-ADAMTS-5 antibodies in bovine and porcine chondrocytes in vitro [29, 30].
Recent mouse knockout research results have shown that ADAMTS-5 but not ADAMTS-4 plays an
essential role in proteoglycan degradation [31]. The cartilage damage of human OA was found to be
induced by the role of both ADAMTS-4/-5 using siRNA in vitro [32]. Several reports have suggested that
ADAMTS-4 might be the principal aggrecanase in human OA cartilage aggrecan degradation [33].

In this study, we demonstrated that ADAMTS-4-postive chondrocytes were localized in super�cial and
transitional zones in the OA group, while no or negligible staining was observed in the normal group. The
location of ADAMTS-5-postive chondrocytes were similar to ADAMTS-4, and both ADAMTS-4/-5
expression in the normal group were signi�cantly lower than in the OA group. Western blot results showed
that expression of ADAMTS-4/-5 were consistent with IHC results. Our �ndings are consistent with
previous studies showing that both ADAMTS-4/-5 are the major aggrecanases to attenuate the
degradation of aggrecan in human OA cartilage tissues [32, 34]. In the present study, we deduced that
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ADAMTS-4 degrades more proteoglycan aggrecans than ADAMTS-5 in human OA cartilage tissue, while
ADAMTS-5 is primarily responsible for the physiologic equilibrium of proteoglycans in normal cartilage
and cooperative with ADAMTS-4 cleaving more proteoglycan aggrecan in OA cartilage tissues. This
�nding is consistent with some studies in human OA cartilage tissue [32–35].

Because IL-1β can stimulate the secretion of in�ammatory cytokines (such as IL-6, TNF-a), promote
associated catabolic factors, such as COX-2, nitric oxide (NO), induce nitric oxide synthase (iNOS) and
PGE2, and increase expression of matrix-degrading proteinases (such as MMPs and ADAMTS), it is
considered to be the key inducer and ampli�er mediating the initiation and progression of OA cartilage
degradation [6, 14, 36]. Our �ndings showed that IL-1β in synovial �uid in the normal group was
signi�cantly lower than in the OA group. Our study showed that cultured OA chondrocytes gradually
became spindle-shaped with less abundant cytoplasm, reduced refractivity, expended intercellular space,
aggrecan degradation after stimulation with IL-1β. The regulation of IL-1β on the expressions of
ADAMTS-4/-5 in human OA cartilage chondrocytes remain somewhat controversial. In this study,
stimulation with 10 ng/ml of IL-1β stimulation the expression of ADAMTS-4/-5 in human OA cartilage
chondrocytes. With the extension of incubation time with IL-1β, the expression of ADAMTS-4 was
increased, and ADAMTS-5 was slightly upregulated. The reasons may be that the expression of ADAMTS-
4 was inducible and sensitive to IL-1β stimulation, while the expression of ADAMTS-5 was constitutive
and insensitive to the induction of IL-1β. These results were consistent with previous studies on the effect
of IL-1β on the expression of ADAMTS-4/-5 associated with individual differences and enzyme activity in
human OA chondrocytes [37, 38]. This result suggested that both ADAMTS-4/-5 contributed to the
degradation of cartilage aggrecan in IL-1β-treated human OA chondrocytes, while ADAMTS-4 seemed
more sensitive to IL-1β in vitro. This �nding was consistent with a previous study in which ADAMTS-4
seemed to play a more signi�cant role than ADAMTS-5 in aggrecan catabolism and degradation of
human OA arthritis cartilage [34].

TAK1 is a key regulator in upstream MAPKs and NF-κB signaling pathways induced by transduction
cascades of in�ammatory cytokines (such as IL-1, TGF-β, and TNF-a), which is involved in immune
activation, catabolic factor generation, pain-related molecule expression, matrix-degrading enzyme
expression, and cell apoptosis [16, 39, 40]. It has been reported that inhibition of TAK1 through siRNA
could reduce the expression of MMP13, MMP1, and TNF-α induced by IL-1β [41]. The expression of COX-
2, MMP-3, MMP-13, and ADAMTS-4 were reduced by injecting TAK1 inhibition in injured porcine cartilage
[42]. In the present study, western blot con�rmed that expression of TAK1 in the OA group was
signi�cantly higher than in the normal group in human cartilage tissues. Our results showed that IL-1β
stimulation induced the expression of TAK1 in human OA chondrocytes, which is coincident to a previous
study that showed that TAK1 is responsive to many proin�ammatory cytokines [41, 43]. The ADAMTS-
4/-5 expression were upregulated and positively correlated with TAK1 in OA cartilage tissue, further
indicating that suppressing TAK1 might reduce ADAMTS-4/-5 expression, causing the aggrecan
degradation of cartilage tissues in the initial and progression of OA. Herein, we observed that the
expression of ADAMTS-4/-5 and TAK1 were upregulated in cultured human OA chondrocytes. The
expression of ADAMTS-4/-5 and TAK1 were not positively correlated, although stimulation with IL-1β
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induced an increase in their expression. The reason for this may be that the mount of ADAMTS-4/-5
expression was slightly upregulated and hard to detect by western blot. However, their important role in
cartilage aggrecan degeneration are undeniable, and previous studies have con�rmed that ADAMTS-5 is
constitutively expressed for the physiological equilibrium of aggrecan in normal cartilage and
conjunction with ADAMTS-4 in the degradation of aggrecan, which may make aggrecan more impressible
to cleavage by ADAMTS-4 [32]. Recently, a study indicated that the differently increased amounts of
ADAMTS-4/-5 mediated by IL-1β may be associated with individual differences, and ADAMTS-4 is
primarily responsible for the cytokine-induced cartilage aggrecan degeneration [34, 44]. This �nding is
consistent with the results of some in vitro studies about human OA chondrocytes [7, 23, 45]. Thus, these
data indicated that active TAK1 might participate in IL-1β-induced ADAMTS-4/-5 expression in the
degeneration and progression of OA cartilage aggrecan. It is useful to reduce TAK1 activity in the
retardant development of pathogenesis in OA.

Conclusion
In this study, we con�rmed that ADAMTS-4/-5 and TAK1 played a vital role in OA cartilage aggrecan
degradation and cartilage destruction. ADAMTS-4 may contribute to more cartilage aggrecan degradation
than ADAMTS-5. Taken together, it is speculated that inhibiting TAK1 activity, which is the upstream
predominant transducer of signaling pathways in OA-relevant in�ammatory cytokines, could be useful to
reduce the cartilage aggrecan degradation in pathophysiology of OA through reducing of ADAMTS-4/-5
expression induced by IL-1β. In summary, we provide a novel experimental basis for studying the
pathogenesis of OA. Of course, our experiment is �awed, and further research is needed on the effect of
cartilage aggrecan degradation in the pathogenesis of OA by inhibiting TAK1 activity.
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Figure 1

Comparison of the concentration levels of IL-1β in synovial �uid of normal and OA knee joint using
ELISA. IL-1β level is represented as optical density (OD) values at 450nm. **P < 0.01 compared to normal
group.
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Figure 2

The expression of ADAMTS-4/-5 and TAK1 in normal and OA cartilage tissues. (A) The morphology of
normal and OA cartilage tissues was revealed using HE staining (a, 200x; b,100x). (B) ADAMTS-4/-5 and
TAK1 content in normal and OA cartilage tissues were evaluated using IHC assays (200x). (C), (D) and (E)
The expression of ADAMTS-4/-5 and TAK1 in normal and OA cartilage tissues were determined by IHC



Page 17/18

using Image-Pro Plus Version 6.0 (IPP 6.0) system. ** P < 0.01 (F) The protein levels of ADAMTS-4/-5 and
TAK1 in normal and OA cartilage tissues were determined using Western blot assays.

Figure 3

Effect of IL-1β on the expression of ADAMTS-4/-5 and TAK1 in cultured human OA chondrocytes. (A) The
morphology of primary human OA chondrocytes (100x). (B) Toluidine blue stain was performed to stain
the phenotype in OA chondrocytes (200x). (C) Immunohistochemical (IHC) was used to identify
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chondrocytes using aggrecan antibody (400x). (D) The human OA chondrocytes were cultured with or
without IL-1β (10ng/ml) for 0h, 24h, 48h and 72h. The morphology and aggrecan degradation of
chondrocyte images were observed using an inverted microscope (100x). (E) Chondrocytes were cultured
with or without 10ng/ml IL-1β for 0h, 24h, 48h and 72h followed by CCK-8 assay analysis. (F) The protein
levels of ADAMTS-4/-5 and TAK1 in cultured human OA chondrocytes with or without 10ng/ml IL-1β for
0h, 24h, 48h and 72h were determined using Western blot assays.

Figure 4

The respective correlation between ADAMTS-4/-5 and TAK1. The respective correlation between
ADAMTS-4/-5 and TAK1 in OA cartilage tissues using Spearman’s rank correlation analyzes.


