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Hyaluronan suppresses mechanical stress-induced expression
of catabolic enzymes by human chondrocytes via inhibition
of IL-1b production and subsequent NF-jB activation
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Abstract

Objective To investigate the inhibitory effect of hyalur-

onan (HA) on mechanical stress- induced expression of a

disintegrin and metalloproteinase with thrombospondin

type1 motifs (ADAMTS)-4, -5 and matrix metalloprotei-

nase (MMP)-13 by human chondrocytes.

Materials and methods Normal human articular chon-

drocytes were pre-incubated with or without 1.0 mg/mL

HA (2700 kDa) for 12 h at 37 �C in stretch chambers, then

they were exposed to uni-axial cyclic tensile strain (CTS,

0.5 Hz, 10 % elongation). The expression of ADAMTS-4,

-5, and MMP-13 were analyzed by real-time polymerase

chain reaction and Immunocytochemistry. The concentra-

tion of IL-1b in the supernatant was measured using

enzyme-linked immunosorbent assay (ELISA). The nu-

clear translocation of runt-related transcription factor 2

(RUNX-2) and nuclear factor-jB (NF-jB) was examined

by ELISA and immunocytochemistry, and phosphorylation

of NF-jB was examined by western blotting.

Results HA inhibited mRNA expression of ADAMTS-4,

-5, and MMP13 after 24 h CTS via inhibition of IL-1b
secretion and NF-jB activation. However, HA failed to

inhibit CTS-induced RUNX-2 expression and subsequent

expression of ADAMTS-5 and MMP-13 1 h after CTS.

Conclusions Our results demonstrated that HA sig-

nificantly suppressed mechanical stress-induced expression

of catabolic proteases by inhibition of the NF-jB–IL-1b
pathway, but did not suppress mechanical stress-induced

RUNX-2 signaling.

Keywords Chondrocyte � Hyaluronan �
Mechanical stress � Aggrecanase � NF-jB � RUNX-2

Introduction

Osteoarthritis (OA) is one of the most common joint dis-

eases, and the number of patients with OA is continuously

increasing [1]. Hyaluronan (HA), a polysaccharide con-

sisting of a long chain of disaccharides, is a natural

component of cartilage and synovial fluid, and is known to

act as a shock absorber in the articular environment [2, 3].

HA is commonly used to treat OA of joints such as the

knee and shoulder by intra-articular injection [4–6]. It has

been shown to relieve joint pain by masking free nerve

ending organelles in animal experiments [7, 8]. Moreover,

it is considered not only a joint lubricant but also a

physiological factor related to intracellular signaling via

specific receptors such as cluster determinant 44 (CD44)

and intracellular adhesion molecule-1 (ICAM-1) [9, 10].

A disintegrin and metalloproteinase with throm-

bospondin type1 motifs (ADAMTS) and matrix

metalloproteinases (MMPs) are known as catabolic pro-

teases (aggrecanases) which play significant roles in
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aggrecan depletion that lead to cartilage destruction [11–

13]. In particular, ADAMTS-4 and ADAMTS-5 are con-

sidered to be important key factors among the ADAMTS

family in the pathogenesis of OA [12, 14, 15]. Among the

MMPs, MMP-13 is also known to play an important role in

cartilage destruction in OA [13, 16]. Intracellular signaling

leading to cartilage destruction is mediated by catabolic

pathways including mitogen-activated protein kinases

(MAPKs) and nuclear factor-jB (NF-jB) [17].

Recent studies have demonstrated that HA suppresses

inflammatory cytokine-induced catabolic proteases such as

members of the ADAMTS and/or MMP families [18–20].

It is also reported that HA suppresses MAPK and/or NF-jB

activation further upstream and suppress production of

catabolic proteases by chondrocytes [19, 21].

We previously reported that runt-related transcription

factor 2 (RUNX-2) plays an important role in the regula-

tion of mechanical stress-induced expression of ADAMTSs

and MMPs. In addition, it has been suggested that in-

flammatory cytokines such as IL-1b also play an important

role in regulating the expression of ADAMTSs or MMPs

[22]. In the current study, we used human chondrocytes to

examine whether HA affects the mechanical stress-induced

gene expression of ADAMTS-4, ADAMTS-5, and MMP-

13 in vitro. Our findings may help to clarify the favorable

effect and mechanism of HA on mechanical stress-induced

cartilage destruction.

Materials and methods

Cells and cell culture

Normal human articular chondrocytes from knee cells

(NHAC-kn) obtained from a 15-year-old male, a 34-year-old

male, and a 38-year-old male were purchased from Lonza

(Walkersville, MD). Cells were cultured at 37 �C in chon-

drocyte basal medium (CBM, Lonza) containing chondrocyte

growth medium, fetal bovine serum (FBS), transforming

growth factor-beta (TGF-b), R3 insulin-like growth factor

(R3-IGF), transferrin, insulin, gentamicin, and amphotericin-

B (CDMTM BulletKit�, Lonza). The medium was changed

every 3 days, and NHAC-kn was used at passage 3.

Stretching experiments

For all experiments, chondrocytes were transferred to

serum-free medium with or without HA for 12 h before

exposure to cyclic tensile strain (CTS). HA (2700 kDa)

was purchased from Chugai Pharmaceutical Co., Ltd.

(Tokyo, Japan), and 800 kDa HA was purchased from

Kaken Pharmaceutical Co., Ltd. (Tokyo, Japan). All ex-

periments except for the experiments shown in the

Fig. 1e were performed using 2700 kDa HA. The con-

centration of HA was adjusted to 1.0 mg/mL for all

experiments. NHAC-kn were seeded onto stretch cham-

bers, each having a type I collagen-coated culture surface

of 2 9 2 cm for isolating RNA and collecting cell cul-

ture supernatant or 3 9 3 cm for immunocytochemistry,

isolating nuclear extracts, and isolating proteins. CTS

was applied using the ST-140-10 mechanical stretch

system (STREX, Osaka, Japan). In this system, the

chamber is attached to the stretching apparatus, which

has a fixed side opposite a movable side that can be

driven by a computer-controlled motor. Using this ap-

paratus, the entire silicon membrane can be stretched

uniformly [23, 24]. In the current study, a CTS (0.5 Hz,

10 % elongation) was applied for 30 min as described in

our previous study [22, 25]. Cells incubated without

mechanical stress were used as control.

Reverse transcription polymerase chain reaction

(RT-PCR) and real-time PCR analysis

At 1, 6, 12, and 24 h after CTS, the cells were washed three

times with phosphate buffered saline (PBS), and total RNA

was extracted using ISOGEN reagent (Nippon Gene,

Toyama, Japan). RNA samples (400 ng) were reverse-

transcribed with ReverTra Ace (Toyobo, Osaka, Japan).

The resulting cDNAs were used for PCR amplification in

the presence of 10 pmol of specific primers using ExTaq

DNA polymerase (TaKaRa, Ohtsu, Japan). Each RT-PCR

reaction was allowed to proceed for 32–42 cycles. The

specific primers used are described in Table 1 [ADAMTS-

4, ADAMTS-5, MMP-13 and glyceraldehyde-3-phosphate

dehydrogenase (G3PDH)].

Real-time PCR was performed using an Mx3000P

QPCR System (Agilent Technologies, Santa Clara, CA,

USA) with Brilliant III Ultra-Fast SYBR Green QPCR

Master Mix. The PCR reaction was performed in a total

volume of 20 lL of 19 SYBR Green PCR Master Mix,

which included DNA polymerase, SYBR Green dye,

dNTPs (including dUTP), PCR buffer, 10 pmol each of the

forward and reverse primers, and cDNA of the samples.

Amplification of a housekeeping gene, G3PDH, was used

to normalize the efficiency of cDNA synthesis and the

amount of RNA. We calculated the final expression levels

by dividing the expression levels of ADAMTS-4,

ADAMTS-5 and MMP-13 by the expression level of

G3PDH. Each value obtained for the control cells (un-

stretched cells without HA) was set to 1.

Immunocytochemistry

Immunocytochemistry was used to observe the mechanical

stress-induced expression and localization of the protein
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expression of ADAMTS-4, ADAMTS-5, MMP13, RUNX-

2 and NF-jB p65. Cells were stretched with or without HA

according to the protocols described above, and fixed with

1 % paraformaldehyde solution at 24 h after CTS for

ADAMTS-4, ADAMTS-5, and MMP13, and at 30 min

after CTS for RUNX-2 and NF-jB. The membranes of the

culture chambers were then removed and incubated with

anti-ADAMTS-4 antibody (1:100, ab89112, Abcam,

Cambridge, UK), anti-ADAMTS-5 antibody (1:100,

ab45042, Abcam), anti-MMP-13 antibody (1:100, ab39012,

Abcam), anti-RUNX-2 antibody (1:100, ab76956, Abcam),

and anti-NF-jB p65 antibody (1:100, C22B4, Cell Sig-

naling, Danvers, MA, USA), for 120 min at room

temperature. Bovine serum albumin-containing solutions

without primary antibodies were used as negative controls.

We used Alexa Fluor 488-conjugated antibody (10 mg/mL,

anti-mouse/rabbit) as secondary antibodies, Alexa Fluor

568-conjugated phalloidin (2 mg/mL, Molecular Probes,

Eugene, OR, USA) for actin staining, and Hoechst 33342

(1 mg/mL, ICN Biomedicals, Aurora, OH, USA) for nu-

clear staining. Cells were observed under a fluorescence

microscope (Leica, Wetzlar, Germany), and protein ex-

pression was evaluated by the positive cell ratio of

ADAMTS-4, ADAMTS-5, MMP-13, RUNX-2, and NF-jB

p65 (number of positive cells/all cells). The cell number

was counted in four fields, at 1009 magnification, and the

mean was calculated.

Treatment with anti-CD44 antibodies and anti-ICAM-1

antibodies

Anti-CD44 neutralizing antibodies (aCD44) were pur-

chased from BD Biosciences (San Diego, CA, USA), and

anti-ICAM-1 neutralizing antibodies (aICAM-1) were

purchased from Santa Cruz Biotechnology (Santa Cruz,

CA, USA). Cells were incubated for 12 h before exposure

to CTS with or without HA in the presence or absence of

aCD44 (20 lg/mL) and/or aICAM-1 (20 lg/mL). Cell

stretching protocols were the same as above. After appli-

cation of CTS, real-time PCR analysis was performed, and

the expression levels of ADAMTS-4, ADAMTS-5, and

MMP-13 24 h after CTS were evaluated.

Treatment with IL-1 antagonist

We used the IL-1 receptor antagonist (IL-1ra) (ProSpec-Tany

TechnoGene, Rehovot, Israel) to examine the influence of

IL-1 on the CTS-induced expression of aggrecanases. IL-1ra

at 100 ng/mL was added to the culture medium and cells

were incubated for 12 h before exposure to CTS. Cell

stretching protocols were the same as described above. After

application of CTS, the cells were harvested for real-time

PCR analysis, and the expression levels of ADAMTS-4,

ADAMTS-5, and MMP-13 at 24 h after CTS were evaluated.

ELISA for IL-1b in the culture medium

Cell culture supernatants were collected at 1, 6, 12, and

24 h after CTS. The concentration of IL-1b in the super-

natant was measured using a high sensitivity IL-1b
enzyme-linked immunosorbent assay (ELISA) kit (Quan-

tikine� HS ELISA Human IL-1b/IL-1F2 Immunoassay,

R&D Systems, Inc., Minneapolis, MN, USA), according to

the manufacturer’s protocol.

Western blot analysis

At 30 min after CTS, cells were resuspended using Mam-

malian Protein Extraction Buffer (GE Healthcare,

Piscataway, NJ, USA). Cell lysates (10 lg of total protein/

lane) were loaded onto SDS–polyacrylamide gels using the

BioRad Any kDTM Mini-PROTEAN� TGXTM Gels

(BioRad, Munchen, Germany) and run for 1 h at 150 V.

Proteins were transferred to PVDF membranes using a Trans-

Blot� TurboTM Blotting System (BioRad). The membranes

were blocked with Blocking reagent (TOYOBO) and incu-

bated overnight at 4 �C with anti-NF-jB p65 antibody

(1:2000, Cell Signaling) or anti-phospho-NF-jB p65 anti-

body (1:1000, Ser536, Cell Signaling). After washing with

washing buffer, the membranes were incubated with IRDye

Goat Anti-Rabbit IgG (LI-COR Biosciences, Lincoln, NE) or

Table 1 Primer pairs for RT-PCR and real-time PCR detection

Gene Nucleotide sequence Annealing

temperature (�C)

ADAMTS-4

F AGG CAC TGG GCT

ACT ACT AT

62

R GGG ATA GTG ACC

ACA TTG TT

ADAMTS-5

F TAT GAC AAG TGC

GGA GTA TG

60

R TTC AGG GCT AAA

TAG GCA GT

MMP-13

F ACC CTG GAG CAC

TCA TGT TTC CTA

60

R TGG CAT CAA GGG

ATA AGG AAG GGT

G3PDH

F CAT CAA GAA GGT

GGT GAA GCA G

60

R CGT CAA AGG TGG

AGG AGT GG
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IRDye Goat Anti-Mouse IgG (LI-COR Biosciences) as sec-

ondary antibodies at room temperature for 1 h.

Immunoreactive proteins were detected using the OdysseyFc

Imaging System (LI-COR Biosciences). We also analyzed

the densities of the obtained western blotting fragments using

the OdysseyFc Imaging System. The volume of phosphory-

lated NF-jB fragments is indicated as a ratio, which was

normalized to the density of NF-jB fragments.

Nuclear extract preparation and ELISA for NF-jB p65

At 30 min after CTS, the cells were washed with PBS three

times. The nuclear extracts were collected using a nuclear

extract kit (Active Motif, Carlsbad, CA, USA), according

to the manufacturer’s protocol. The supernatant was frozen

at -80 �C until use.

The nuclear extracts prepared as above were used to detect

endogenous levels of NF-jB p65 by ELISA. ELISA of

nuclear extracts for NF-jB p65 was performed using a

TransAM� NF-jB p65 Kit (Active Motif), according to the

manufacturer’s protocols. The absorbance value obtained for

the control cells (unstretched cells without HA) was set to 1.

Statistical analysis

All data are expressed as means with 95 % confidence

interval (CI). All experiments were repeated at least three

times and similar results were obtained. Differences among

groups were compared using one- or two-way analysis of

variance (ANOVA) with the Bonferroni post hoc test. All

differences were considered statistically significant at a

P value \0.05.

Fig. 1 RT-PCR (a) and real-

time PCR results (b–d) show

the effects of HA on expression

of ADAMTS-4, -5, and MMP-

13. CTS induced the expression

of ADAMTS-4 at 24 h after

CTS, and the expression of

ADAMTS-5 and MMP-13 at

1 h and again at 12–24 h after

CTS (biphasic) in control

samples. HA almost completely

down-regulated ADAMTS-4

gene expression, but on

ADAMTS-5 and MMP-13 gene

expression, HA down-regulated

only the late phase, and not the

early phase. Experiments using

800 kDa HA in comparison to

2700 kDa HA revealed that

both produced equivalent down-

regulation of late phase

ADAMTS-4, ADAMTS-5, and

MMP-13 (24 h after CTS). We

also found that 800 kDa HA did

not affect early phase up-

regulation of ADAMTS-5 and

MMP-13 (e). *P \ 0.01 relative

to 0 h, §P \ 0.01
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Results

HA inhibits CTS-induced up-regulation

of aggrecanases at 24 h after CTS (late phase),

but not at 1 h after CTS (early phase)

In samples without HA, CTS induced the expression of

ADAMTS-4 at 24 h after CTS. In contrast, the expression of

ADAMTS-4 in HA-treated samples was significantly down-

regulated (Fig. 1a, b). Induction of ADAMTS-5 and MMP-

13 gene expression was biphasic (at 1 and 12–24 h after

CTS) in samples without HA. In HA-treated samples, the

first peak (early phase) was not affected by treatment with

HA, and only the second peak (late phase) was down-regu-

lated (Fig. 1a, c, d). We found no difference between 2700

and 800 kDa HA with regard to its down-regulatory effect on

Fig. 2 Immunocytochemistry shows that HA inhibited the protein

expression of ADAMTS-4, ADAMTS-5, and MMP-13 in the

cytoplasm after 24 h CTS. In non-HA treated samples, these proteins

were expressed in the cytoplasm following CTS (green signals),

while they were suppressed in HA-treated samples. Merged images

showing staining by phalloidin and Hoechst 33342 are shown in the

right side panels. *P \ 0.01 relative to control (CTS-, HA-),
§P \ 0.01
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ADAMTS-4, ADAMTS-5, and MMP-13 (Fig. 1e). The

effects of HA (2700 kDa) on CTS-induced expressions of

ADAMTS-4, ADAMTS-5, and MMP-13 were examined by

immunocytochemistry. The protein expression level of

ADAMTS-4, ADAMTS-5, and MMP-13 in the cytoplasm

after 24 h CTS was inhibited by HA (2700 kDa) (Fig. 2).

Treatment with aCD44 or aICAM-1 suppressed the effect of

HA on the expression of ADAMTS-4, -5, and MMP-13 at

24 h after CTS. Furthermore, the combination treatment of

aCD44 and aICAM-1 canceled the effect of HA almost

completely (Fig. 3).

Involvement of IL-1b in the inhibitory effect of HA

on CTS-induced proteases

The concentration of IL-1b in the supernatant increased in

a time-dependent manner in samples without HA, and there

were significant differences at 12–24 h in the CTS group

compared with non-CTS (not shown). In contrast, the

concentration of IL-1b in HA-treated samples did not

increase (Fig. 4a). The up-regulation of ADAMTS-5 and

MMP-13 in the early phase (1 h after CTS) was not af-

fected by IL-1 antagonist, but the up-regulation of

ADAMTS-4, -5 and MMP-13 in the late phase (24 h after

CTS) was inhibited by IL-1 antagonist. These data suggest

that HA suppression of ADAMTS-5 and MMP-13 at least

partly involves IL-1b (Fig. 4b).

HA inhibits CTS-induced nuclear translocation of

NF-jB p65, but does not affect nuclear translocation

of RUNX-2

The results of immunocytochemistry showed that CTS

induced RUNX-2 translocation to the nucleus, and HA

did not affect the RUNX-2 translocation. CTS also

induced NF-jB p65 translocation to the nucleus, but this

was inhibited in the cells treated with HA (Fig. 5). The

results of western blot analysis showed that HA inhibited

CTS-induced phosphorylation of NF-jB p65 (Fig. 6a, b).

These results were further confirmed by ELISA for the

Fig. 3 RT-PCR (a) and real-

time PCR results (b) of the

experiments using aCD44 and/

or aICAM-1 show that these

antibodies inhibit the effect of

HA on ADAMTS-4, -5, and

MMP-13 gene expression and

that they act synergistically.

*P \ 0.05 relative to control

(CTS-, HA-), §P \ 0.05,
#P \ 0.1
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NF-jB p65 subunit in nuclear extracts of the cells

(Fig. 6c).

Discussion

Protein catabolic enzymes such as ADAMTSs and MMPs

play important roles in cartilage degradation. HA has been

reported to suppress the catabolic behavior of chondrocytes

by suppression of these proteolytic enzymes [18–20, 26].

A recent report suggests that HA suppresses NF-jB

activation of MMP production [21] and that HA suppresses

aggrecan degradation by down-regulating IL-1a-induced

expression of ADAMTS-4, ADAMTS-5, and ADAMTS-9

[19]. However, most reports on the inhibitory effects of HA

tested its effects using cytokines as OA models, and the

mechanism underlying the chondroprotective role of HA

against mechanical stress has not been fully elucidated.

It is known that the ADAMTS-5 promoter has a RUNX-

2 binding site, suggesting that ADAMTS-5 is a potential

downstream target of RUNX-2 [27]. It is also reported that

the expression of RUNX-2 contributes to increased ex-

pression of MMP-13 [16]. Our previous report

demonstrated that RUNX-2 is an upstream regulator of the

mechanical stress-induced ADAMTS-5 and MMP-13 [22,

25].

NF-jB transcription also plays an important role in the

production of ADAMTSs and MMPs [28–30]. The NF-jB

pathway is known to be activated upon stimulation by

various factors including mechanical stress or some cy-

tokines [17, 31]. It is also known that NF-jB induces IL-1

production, and that IL-1 also induces NF-jB [32]. Both

IL-1 and NF-jB are known to lead ADAMTS-5 up-

regulation [28, 33].

We previously reported that CTS-induced up-regulation

of ADAMTS-5 is biphasic in human chondrosarcoma cells

[22]. In this study, CTS-induced up-regulation of both

ADAMTS-5 and MMP-13 was found to be biphasic. This

suggests that early phase up-regulation is dependent on

transcription of RUNX-2, while late phase up-regulation is

dependent on IL-1b production which is induced by NF-jB

transcription and nuclear translocation under mechanical

stress. We examined the expression of NF-kB in several time

points, and found that the expression was most increased at

30 min. We guess a signaling from NF-kB to downstream

may require several hours to produce IL-1 protein.

These results suggest that expression of ADAMTS-5

and MMP-13 are subject to dual control by both RUNX-2

and NF-jB in this experimental system. On the other hand,

CTS-induced up-regulation of ADAMTS-4 in the early

phase was not observed. ADAMTS-4 is suggested to be

subject to control by NF-jB, but not RUNX-2.

The up-regulation of ADAMTS-4, -5 and MMP-13 in

the late phase was also inhibited by IL-1 antagonist, sug-

gesting that HA might act as an inhibitor of IL-1

production by inhibiting the nuclear translocation of NF-

jB. In addition, NF-jB translocation to the nucleus was

observed at 30 min after application of CTS, which is too

early for induction by IL-1. Thus, HA might inhibit me-

chanical stress-induced nuclear translocation of NF-jB

which leads to IL-1b production, resulting in the inhibition

of late phase up-regulation of aggrecanases such as

Fig. 4 a ELISA for IL-1b in the culture medium shows that HA

suppressed IL-1b production. However, the concentrations of IL-1b
were very low, barely above the lower limit of detection. This seemed

to be because the cell density of the cultures used for the ELISA was

relatively low. *P \ 0.01 relative to 0 h, §P \ 0.001. b The results of

real-time PCR in the experiments using IL-1 antagonist. IL-1

antagonist inhibited the late-phase up-regulation of ADAMTS-4, -5

and MMP-13, but did not affect the early-phase up-regulation of

ADAMTS-5 and MMP-13. These data are similar to the results of the

experiments using HA. *P \ 0.01 relative to 0 h
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ADAMTS-4, ADAMTS-5, and MMP-13. HA almost

completely inhibited mechanical stress-induced up-

regulation of ADAMTS4, while partially inhibiting me-

chanical stress-induced up-regulation of ADAMTS5 and

MMP-13. These results might be reasonably explained by

the hypothesis that RUNX-2, which plays an important role

in early phase up-regulation of aggrecanases, is not af-

fected by HA.

There have been several studies on differences in the

effects of HA due to differences in its molecular weight.

Some studies conclude that the effect of HA on

chondrocyte degeneration tends to depend on molecular

size [19, 34]. In this study, we found no difference between

2700 and 800 kDa HA with regard to its down-regulatory

effect on aggrecanases. In clinical practice, it is reported

that difference in the molecular weight of HA used does

not affect clinical outcomes [35], and the results of this

study appear to support these facts.

The MAPK pathway, which involves extracellular sig-

nal-regulated kinase (ERK), p38 MAPK (p38), and c-Jun

N-terminal kinase (JNK), is known to be modulated by

various external stimuli [36, 37], and specific MAPK is

Fig. 5 Immunocytochemistry

shows that HA inhibited NF-jB

localization to the nucleus, but

did not affect RUNX-2

localization to the nucleus. In

non-HA treated samples, both

RUNX-2 and NF-jB localized

to the nucleus following CTS

(green signals), while in HA-

treated samples, only the green

signals of NF-jB were

suppressed. Merged images

showing staining by phalloidin

and Hoechst 33342 are shown in

the right side panels. *P \ 0.01

relative to control (CTS-, HA-),
§P \ 0.01
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thought to regulate RUNX-2 transcription under me-

chanical stress [22]. We previously reported that ERK1/2,

p38, and JNK were phosphorylated by mechanical stress in

human chondrocytes, and that activation of these MAPKs

lead to transcription of RUNX-2 [25]. While HA is re-

ported to suppress phosphorylation of ERK1/2 in a

cytokine treatment OA chondrocyte model [19], the com-

bination of MEK–ERK inhibitor and HA has a synergistic

effect in vivo [38]. These results suggest that HA cannot

completely inhibit the MAPK pathway in the physiological

environment (i.e., under mechanical stress), and support

the results of the current study. As HA did not inhibit

mechanical stress-induced RUNX-2 activation, a combi-

nation of HA and agents that can inhibit RUNX-2

transcription may be necessary to completely inhibit the

expression of aggrecanases.

There are several limitations to this study. First, the

stretching system used in this study was a simple model

because cells were cultured in monolayer. Second, the way

that HA is taken up by chondrocytes is unknown, and it

may be difficult to claim that our OA model completely

reproduces the pharmacokinetics of HA in vivo. Third, NF-

jB-induced cytokines other than IL-1b were not examined.

In conclusion, the results of the current study demon-

strate that HA suppresses the expression of ADAMTS-4

almost completely, and partially suppress the expressions

of ADAMTS-5 and MMP-13 via inhibition of NF-jB ac-

tivation in mechanical stress-loaded human chondrocytes.
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