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Abstract
Objective—TLR2/TLR4-mediated innate immunity serves in frontline antimicrobial host
defense, but also modulates tissue remodeling and repair responses to endogenous ligands released
in low-grade inflammatory diseases. Here, we assessed if the endogenous TLR2/TLR4 ligands
low molecular weight hyaluronan (LMW-HA) and high mobility group box protein 1 (HMGB1),
which are increased in osteoarthritic (OA) joints, drive pro-catabolic chondrocyte responses
dependent on TLR2 and TLR4 signaling through the cytosolic adaptor MyD88.

Methods—We studied mature femoral head cap cartilage explants and immature primary knee
articular chondrocytes from TLR2/TLR4 double knockout (TLR2/TLR4−/−), MyD88 knockout
(MyD88−/−) and congenic wild type mice.

Results—IL-1β and TLR2 and TLR4 ligands induced both HMGB1 release from chondrocytes
and extracellular LMW-HA generation in normal chondrocytes. TLR2/TLR4−/− and MyD88−/−

mouse cartilage explants and chondrocytes lost the capacity to mount pro-catabolic responses to
both LMW-HA and HMGB1, demonstrated by >95% suppression of nitric oxide (NO) production
(p<0.01), and attenuated induction of MMP-3 and MMP-13. Combined deficiency of TLR2/4, or
of MyD88 alone, also attenuated release of NO and blunted induction of MMP-3 and MMP-13
release. Last, MyD88 was required for HMGB1 and hyaluronidase 2 (hyal2) (which generates
LMW-HA) to induce chondrocyte hypertrophy, which is implicated in OA progression.

Conclusions—MyD88-dependent TLR2/TLR4 signaling is essential for pro-catabolic responses
to LMW-HA and HMGB1, and MyD88 drives chondrocyte hypertrophy. Therefore, LMW-HA
and HMGB1 act as innate immune cytokine-like signals with the potential to modulate
chondrocyte differentiation and function in OA progression.

Introduction
Manifestations of low-grade inflammation, including varying degrees of synovitis, as well as
inflammatory cytokine expression within articular cartilage, contribute to pathogenesis and
disease progression in OA (1–6). Chondrocytes, the unique cellular component of articular
cartilage within the "organ" structure of the synovial joint, are responsible for normal
maintenance and remodeling of articular cartilage and extracellular matrix. Primitive Toll-
like receptor 2 (TLR2) and TLR4-mediated innate immune responses are not only in the first
line of host antimicrobial defense but also trigger and shape a multitude of chronic
inflammatory and tissue repair responses to endogenous ligands, as exemplified in lung
injury and atherosclerosis (7–10). Human articular chondrocytes express multiple TLRs,
including TLR2 and TLR4 (11,12). Moreover, expression of TLR2 and TLR4 are increased
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in human knee OA cartilage (12) and induced by inflammatory mediators such as IL-1,
TNFα, and TLR2 and TLR4 agonists in cultured chondrocytes (12).

MyD88 is an essential intracellular signaling adaptor for all TLRs, with the exception of
TLR3 and the MyD88-independent pathway of TLR4 signaling (7). MyD88 signaling
promotes expression of NF-κB-dependent genes including iNOS, and certain cytokines and
MMPs held to modulate pathogenesis of OA (7,13–15). CPPD and monosodium urate
crystals are endogenous TLR2 ligands that induce NO production in chondrocytes via
MyD88 signaling, which may contribute to cartilage pathology in chondrocalcinosis and
gout, respectively (13).

At least two endogenous shared TLR2/TLR4 ligands (LMW-HA and HMGB1)(16,17) can
be increased in the joint in OA (18,19). HA, a major glycosaminoglycans of cartilage
extracellular matrix (ECM), is a high molecular weight polymer subject to rapid degradation
at sites of tissue injury and inflammation (20). The primary receptor for HA is CD44, which
is required to clear HA following tissue or cellular injury (21) and also mediates physiologic
cell-cell interactions (21). LMW-HA induces nitric oxide (NO) production and MMP-13
expression in cultured articular chondrocytes by alternative CD44-dependent and undefined
CD44-independent mechanisms (22,23).

HMGB1 was originally identified as a DNA-binding protein critical for proper
transcriptional regulation (24,25). HMGB1 can be either passively released into the
extracellular milieu by necrotic and damaged cells, or actively secreted with delay by
activated cells (24,25). Extracellular HMGB1 represents an optimal “necrotic marker”
selected by the innate immune system to recognize tissue damage and initiate reparative
responses, and HMGB1 also acts as a pro-inflammatory cytokine (24,25). Purified HMGB1
induces MMP-13 in chondrocytes, mediated only partly by receptor for advanced glycation
endproducts (RAGE) signaling (26). In addition, treatment of cartilage explants with
HMGB1 up-regulates the production of NO, prostaglandin E2, IL-6 and IL-8 (19).
Moreover, HMGB1 induces type × collagen, the core marker of chondrocyte hypertrophy, in
cultured chondrocytes (3). Dysregulated chondrocyte differentiation to hypertrophy, a state
associated with altered ECM biosynthesis and increased MMP-13 expression and promoted
by several inflammatory mediators (1–4), appears to contribute to OA progression (27–29).

Here, we observe LMW-HA and HMGB1 to provide cytokine-like signals that modulate
matrix catabolism and chondrocyte hypertrophic differentiation critically through innate
immune signaling via MyD88, TLR2, and TLR4. Our results reveal a new model of how
innate immunity in cartilage has the capacity to affect the phenotype of tissue remodeling
and repair in OA.

Materials and Methods
Reagents

All chemical reagents were obtained from Sigma-Aldrich (St. Louis, MO), unless otherwise
indicated. Low molecular weight HA (Select HA™ 50K Low Endotoxin) was from Hyalose
L.L.C. (Oklahoma City, OK). Purified human recombinant HMGB1 (rHMGB1) was from
R&D Systems, Inc. (Minneapolis, MN). LMW-HA and rHMGB1 were confirmed to contain
< 0.1 EU/ml and 0.05 EU/ml Endotoxin, respectively, by limulus lysate assay. Human hyal2
and HMGB1 cDNAs were from OriGene Technologies, Inc. (Rockville, MD). Antibodies to
MMP-3, MMP-13 and type X collagen were obtained from Millipore (Billerica, MA),
BioVision Inc. (Mountain View, CA) and CalBiochem (San Diego, CA), respectively.
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Studies of mouse femoral head cartilage explants and immature knee chondrocytes
All animal studies were humanely performed in compliance with an institutionally reviewed
and approved protocol. TLR2 knockout (TLR2−/−), TLR4−/− and MyD88−/− mice on a
C57BL/6 background were kindly provided by Dr. Shizuo Akira (University of Osaka,
Japan) and TLR2 and TLR4 knockout mice were crossbred to produce TLR2/TLR4 double
knockout (TLR2/TLR4−/−) mice. All mice were carried under specific pathogen-free
conditions. Femoral head cartilage caps from two month old mice were isolated as described
(30) and placed in 0.1 ml DMEM/high glucose supplemented with 10% FCS, 1% L-
glutamine, 100U/ml penicillin, and 50 µg/ml streptomycin at 37°C in 5% CO2 a 96-well
plate containing for 24 hours prior to the described treatments. Nitric oxide (NO) production
was measured in conditioned media as the concentration of nitrites in conditioned media by
the Griess reaction (13) using NaNO2 as standard. Immature mouse primary knee articular
chondrocytes were isolated, validated for chondrocytic differentiation, and cultured as
previously described in detail (4).

Transfection of immature mouse knee articular chondrocytes
Primary immature mouse knee articular chondrocytes were maintained in Dulbecco’s
modified Eagle’s (DMEM) high glucose medium with 10% fetal calf serum (FCS), 100 µg/
ml of streptomycin, and 100 IU/ml of penicillin at 37°C for at least 3 days prior to
transfection experiments. Primary immature mouse knee articular chondrocytes were
transfected using the Amaxa Nucleofection™ system (Amaxa Inc., Gaithersburg, MD)
according to the manufacturer protocol, with transfection efficiency of > 70% in
chondrocytes, as assessed by counting GFP positive cells after transfection with the vector
control DNA that has a GFP tag.

Analyses of MMP-3, MMP-13, and type × collagen and of HA degradation
SDS-PAGE and Western blot analyses of MMP-3 and MMP-13 in conditioned media, and
type × collagen in cell lysates, were as previously described (3), using enhanced
chemiluminescence (ECL) (Pierce, Rockford, IL). Conditioned media levels of degraded
HA were measured by ELISA (R&D Systems, Inc. Minneapolis, MN).

Real-time quantitative RT-PCR
For real-time quantitative RT-PCR, total RNA isolation was followed by reverse
transcription and real-time PCR with SYBR Green I master mix (Roche) and the Roche
LightCycler system. GAPDH was used as a reference gene. Primer sequences used: type II
collagen: Forward 5'- CAAGGAGAAGCCGGACA-3', Reverse 5'-
AGCAGCTCCAGGGAATC-3'; type × collagen: Forward 5'-
CCAGGTCTCAATGGTCCCTAAG-3', Reverse 5'- GGTATTCCAGGTTCACCTCT-3';
MMP-13: Forward 5'-TGTTCACTTTGAGGATACAGGC-3', Reverse 5'-
CATAGACAGCATCTACTTTATCACC-3'; Runx2: Forward
5'GATGCTCTGTTTCTTTCTTTCAGG-3', Reverse 5'-CTCCAGCATTTCATGCTAGT-3';
GAPDH: Forward 5'-CATCCCAGAGCTGAACG-3', Reverse 5'-
CTGGTCCTCAGTGTAGCC7-3'.

Statistical analyses
Triplicate replicates or greater were assayed in all cell culture experiments where numerical
data were obtained, and such data were uniformly expressed as mean ± SD. Statistical
analyses were performed by one way ANOVA.
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Results
Chondrocytes degrade HA and release HMGB1 in response to certain inflammatory
mediators

Inflammatory mediator-stimulated degradation of HA to generate LMW-HA was indicated
by the appearance of LMW-HA in conditioned media of immature mouse knee articular
chondrocytes in response to IL-1β (10 ng/ml) or TNFα (10 ng/ml), as well as the TLR2
ligand peptidoglycan (PGN, 2 µg/ml) and the TLR4 ligand purified LPS (pLPS, 1 µg/ml)
(Figure 1A). Findings were comparable in mature bovine knee articular chondrocytes (data
not shown). In parallel studies, HMGB1 was detected in the conditioned media but became
reduced in cell lysates in chondrocytes after 24 hours stimulation with IL-1β, PGN and
pLPS, consistent with robust release of cellular stores of HMGB1 (Figure 1B). TNFα
induced partial release of HMGB1 after 24 hours, as evidenced by detection of HMGB1
expression in both cell lysates and conditioned media.

TLR2/TLR4- and MyD88-dependent pro-catabolic responses to LMW-HA and HMGB1
First, the effects of MyD88 knockout and TLR2/TLR4 double knockout on catabolic
responses to exogenous LMW-HA were examined in vitro. LMW-HA, at concentrations of
100 µg/ml previously used in chondrocytes (22,23), markedly induced NO, MMP-3,
MMP-13 release responses in WT cartilage explants (Figure 2A, B) and chondrocytes
(Figure 2C, D) that were attenuated both by knockout of MyD88 or double knockout of
TLR2 and TLR4. Next, the effects of single TLR2 and TLR4 knockout were assessed on
responses to LMW-HA. NO release in response to LMW-HA decreased by ~47% and ~92%
from the conditioned media of TLR2−/− and TLR4−/− cartilage explants, respectively,
relative to WT controls (Figure 2E), and there was a significant difference in LMW-HA-
induced NO release between TLR2−/− and TLR4−/− cartilage explants (p=0.03), suggesting
predominant role of TLR4 in mediating LMW-HA to induce NO release. Similarly, MMP-3
and MMP-13 release was partially inhibited in TLR2−/− and significantly attenuated in
TLR4−/− cartilage explants under the same condition (data not shown). Since hyal2 is the
predominant hyaluronidase isoenzyme in chondrocytes (31), mouse chondrocytes were next
transfected with hyal2 cDNA, which induced degradation of HA, as detected by ELISA of
conditioned media (Figure 3A). Transfection of hyal2 cDNA but not the plasmid vector
control led to significant induction of NO generation and release of MMP-3, MMP-13 in
WT but not MyD88−/− and TLR2/TLR4−/− chondrocytes (Figure 3B, C).

In parallel, the effects of MyD88 knockout and TLR2/TLR4 double knockout on catabolic
responses to HMGB1 were also determined. Similarly, release of NO, MMP-3 and MMP-13
was dramatically induced in WT but not in MyD88−/− or TLR2/TLR4−/− cartilage explants
(Figure 4A, B) and chondrocytes (Figure 4C, D) in response to recombinant HMGB1
(rHMGB1) at the concentration of 10 µg/ml previously used in chondrocytes (26) in vitro.
Transfection of HMGB1 cDNA but not the plasmid vector control enforced release of
HMGB1, as demonstrated by Western blot analysis of conditioned media from the
transfected chondrocytes (Figure 5A), which resulted in induction of release of NO, MMP-3
and MMP-13 in WT but not MyD88−/− or TLR2/TLR4−/− chondrocytes (Figure 5B, C).
Noticeably, NO release induced by HMGB1 transfection was decreased by ~82% and ~57%
in TLR2−/− and TLR4−/− chondrocytes, respectively, relative to WT controls (Figure 5D).
Unlike the predominant role of TLR4 in mediating catabolic responses to LMW-HA, there
was no significant difference in release of NO between TLR2−/− and TLR4−/− chondrocytes
in response to transfection of HMGB1 (p=0.09). In addition, partial inhibition of release of
MMP-3 and MMP-13 was observed in both TLR2−/− and TLR4−/− chondrocytes (data not
shown). These results indicated differential responses through TLR2 and TLR4 for NO
release and other pro-catabolic responses to each of these ligands.
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Transfection of hyal2 and HMGB1 cDNA but not the plasmid vector control also induced
release in WT chondrocytes of the aggrecanase ADAMTS5, which is central to the
progression of experimental mouse OA (30), and suppression of type II collagen mRNA
expression, but these responses were attenuated in MyD88−/− chondrocytes (Figure 6A,C).
Under the same conditions, type × collagen protein expression was induced in WT
chondrocytes, but less so in MyD88−/− chondrocytes (Figure 6B), with quantitative RT-PCR
analysis determining ~80% suppression of type × collagen mRNA in MyD88−/−

chondrocytes (Figure 6D). In addition, MyD88 deficiency attenuated induction of mRNA
expression of the chondrocyte hypertrophy marker MMP-13 (Figure 6E), and of Runx2
(Figure 6F) which is essential for mouse growth plate chondrocyte hypertrophy in vivo and
is a critical promoter of both articular chondrocyte hypertrophy and progression of
experimental OA in vivo (28).

Discussion
In this study, we discovered that the endogenous TLR2/TLR4 ligands LMW-HA and
HMGB1 are able to stimulate cartilage matrix catabolism in a manner dependent on TLR2
and TLR4 and their signaling adaptor MyD88. Previously, CD44 has been demonstrated to
form a signaling complex with TLR4 and the TLR4 extracellular adaptor protein MD2 (32).
The complex of CD44, TLR4, and MD2 recognizes released HA fragments in sterile injury,
by acting to enhance or stabilize the interaction between HA and TLR4 (32). CD44 was
previously implicated in induction of NO production and MMP-13 expression by LMW-HA
in articular chondrocytes in vitro (22,23). Therefore, our results suggest the possibility, not
yet directly tested, that CD44 may function cooperatively with TLR2 and TLR4 to induce
cartilage catabolism in response to LMW-HA. Such a signaling mechanism could shift
cartilage homeostatic chondrocyte responses to LMW-HA to pro-catabolic responses.
Alternatively, effects of cell surface hyaluronan receptors other than CD44 such as receptor
for hyaluronan-mediated motility (RHAMM) (33) or extracellular matrix hyaluronan
binding proteins (34) could, in conjunction with TLR2 and TLR4, modulate chondrocyte
pro-catabolic responses to LMW-HA.

Our results, which demonstrated the capacity of HMGB1 to induce NO, MMP-3, MMP-13
and ADAMTS5 release, suggest that chondrocyte secretion of HMGB1 may allow it to exert
pro-catabolic effects similar to those of "conventional" inflammatory cytokines such as
IL-1β and TNFα. HMGB1 mRNA expression is increased in response to several forms of
inflammatory stress, for example, exposure to IL-1β and TNFα(35). This study further
confirmed that several inflammatory mediators including IL-1β and TNFα induce release of
HMGB1 (36,37) in chondrocytes, although TNFα only partially did that. The limited
capacity of TNFα to induce HMGB1 release was also reported previously in Raw264.7 cells
(38). We speculate that TNFα may not induce HMGB1 directly, but rather via its induction
of other inflammatory mediators. Since HMGB1 expression in both synovium and cartilage
is increased in the collagen induced arthritis (CIA) model of inflammatory arthritis (39),
HMGB1 could promote cartilage matrix catabolism in primary inflammatory arthropathies
such as RA.

Chondrocytes in OA cartilage recapitulate some aspects of growth plate chondrocyte
differentiation (27,29). Stage-specific secretion of HMGB1 by growth plate cartilage
chondrocytes has been shown to regulate endochondral ossification (40). Our results suggest
that both HMGB1 and LMW-HA have potential capacity to regulate cartilage maturation to
hypertrophy in OA cartilage, implicated by their role in induction of type × collagen,
MMP-13 and Runx2.
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HMGB1 is a ligand not only for TLR2 and TLR4, but also for RAGE, and RAGE signaling
mediates HMGB1-induced MMP-13 expression (26) and hypertrophic differentiation (4) in
chondrocytes in vitro. However, HMGB1-induced MMP-13 expression is only partially
inhibited by soluble RAGE (26), indicating that other receptors are involved, likely, in view
of the results of this study, to include TLR2 and TLR4. Signaling transduced by RAGE,
TLR2 and TLR4 promote NF-κB activation (41). Moreover, TLR2 and TLR4 are each
necessary for chondrocyte pro-catabolic responses to HMGB1. Hence, we speculate that
TLR2 and TLR4 and RAGE cooperatively mediate chondrocyte pro-catabolic responses to
HMGB1. Notably, the domain of HMGB1 responsible for interaction with RAGE has been
localized to amino acids 150–183, immediately preceding the acidic C-terminus of HMGB1
(42). It is possible that the HMGB1 domain recognized by RAGE is not the same as that
recognized by TLR2 and TLR4.

Recent studies indicated that highly purified recombinant HMGB1 has little pro-
inflammatory activity, but HMGB1 (100 to 500 ng/ml) forms complexes with pro-
inflammatory molecules such as ssDNA, LPS, IL-1β and nucleosomes that interact with
TLR9, TLR4, IL-1R and TLR2 respectively, greatly potentiating their biological activity
(43–47). This study determines the role of TLR2, TLR4 and MyD88 in HMGB1-induced
catabolic responses, and further study will be needed to sort out actions of HMGB1
mediated by forming a complex with other molecules to affect signaling via MyD88-
dependent IL-1R or TLR pathways.

MyD88, TLR2 and TLR4 mediated chondrocyte catabolic responses to LMW-HA and
HMGB1 were observed in chondrocytes in response to not only exogenous LMW-HA and
rHMGB1 (Figure 2 and 4), but also endogenously produced LMW-HA and HMGB1 via
hyal2 and HMGB1 transfection (Figure 3 and 5). The concentrations of exogenous LMW-
HA (100 µg/ml) and the endogenously produced degraded HA from the chondrocytes with
enforced expression of hyal2 (about 1.25 ng/ml) were in the physiological range, since the in
vivo degraded HA concentration from synovial fluid of both rheumatoid arthritis (RA) and
OA patients was between 0.17 to 1.32 mg/ml (48). The concentration of endogenously
produced HMGB1from the chondrocytes with forced expression of HMGB1 was not
quantitatively determined here. The level of rHMGB1 (10 µg/ml) applied in our in vitro
study was based on the concentration previously used in chondrocytes, which was higher
than the in vivo concentration of HMGB1 in OA joints (nanogram/ml range) (49). However,
up to 10 µg/ml of HMGB1 in synovial fluid of RA patients has been observed (50).

This study examined cartilages and chondrocytes of knockout mice to discover
consequences of loss of function. One limitation of the work done is that we did not isolate
the knee articular cartilages from adult mice, due to small yield in numbers of mature
chondrocytes in knees (i.e., <1000 primary cells/mouse per pair of isolated knees) (50).
Instead, we assessed immature knee chondrocytes, providing >25-fold gain in efficiency of
chondrocyte isolation from the mouse knee, but presenting limitations due to lack of mouse
epiphyseal closure. Since partial inclusion of epiphyseal with articular chondrocytes cannot
be ruled out, this limitation was addressed by complementing studies of immature mouse
chondrocytes with analyses of mature mouse articular femoral head cartilage explants.

We conclude that TLR2, TLR4 and their adaptor molecule MyD88 are central to
chondrocyte matrix catabolism and chondrocyte hypertrophy in response to the endogenous
TLR2/TL4 ligands LMW-HA and HMGB1. Our results support a novel model of innate
immunity as significant regulators of chondrocyte differentiation and cartilage catabolic
remodeling and repair responses, activated by multiple endogenous TLR ligands that arise in
the joint during OA progression. Examples of such endogenous TLR2 andTLR4 ligands,
other than those tested, include fibronectin type III repeat extra domain A (Fn-EDA), group
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V secretory phospholipase A2 (sPLA2) and free fatty acids (51–53). Our results indicate that
need for teasing out the in vivo roles of TLR2/TLR4, and of MyD88, in the progression of
OA.
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Figure 1.
Degradation of HA and release of HMGB1 in chondrocytes in response to inflammatory
mediators. Immature mouse (C57B/L6) knee articular chondrocytes were stimulated with
IL-1β (10 ng/ml), TNFα(10 ng/ml), peptidoglycan (PGN, 2 µg/ml) and purified LPS (pLPS,
1 µg/ml) for either 3 days (A) or 8 and 24 hours (B). Degradation of HA was assessed by
ELISA analysis of soluble HA released in the conditioned media after 24 hours treatment
(A). *, **, #, ## p<0.05 relative to none (non-treated control). Expression of HMGB1 was
examined by Western blotting of cell lysates and conditioned media (B). Data for A and B
were representative of 3 individual experiments.
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Figure 2.
TLR2/TLR4- and MyD88-dependent pro-catabolic responses to exogenous LMW-HA.
Mouse femoral head cartilages isolated from TLR2/TLR4−/−, TLR2−/−, TLR4−/− and
congenic WT mice (A, B, E), or immature mouse chondrocytes isolated from MyD88−/−,
TLR2/TLR4−/− and respective congenic WT mice (C, D) were stimulated with 100 µg/ml
LMW-HA for 5 and 3 days, respectively. Conditioned media were analyzed for release of
NO (n=8 for explants, n=3 for chondrocytes), MMP-3 and MMP-13 (all data shown were
representative of 3 individual experiments) by Griess reaction and Western blot analyses.
Statistics for NO release in A, #, ## p<0.008 for LMW-HA treated MyD88−/− and TLR2/
TLR4−/− relative to WT mice explants, respectively. Statistics for NO release in B, * and **
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p<0.01 for LMW-HA treated MyD88−/− and TLR2/TLR4−/− relative to WT mouse
chondrocytes, respectively. Statistics for NO release in E, *p<0.05 and **p<0.004 for
LMW-HA treated TLR2−/− and TLR4−/− relative to WT mice explants, respectively.
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Figure 3.
TLR2/TLR4- and MyD88-dependent pro-catabolic responses to endogenous degraded HA.
Immature mouse chondrocytes isolated from MyD88−/−, TLR2/TLR4−/− and congenic WT
mice were transfected with hyal2 cDNA, with an empty vector plasmid DNA used as a
control. Forty-eight hours after transfection, the cells were placed onto poly-HEME coated
plates. After three more days, degradation of HA (A) was confirmed from the conditioned
media of chondrocytes by ELISA analysis. The conditioned media were analyzed for release
of NO (B), MMP-3 and MMP-13 (C). Data for degradation of HA (n=3), for NO release
from chondrocytes (n=3), and for MMP-3 and MMP-13 release from chondrocytes were
representative of 3 individual experiments. Statistics for concentration of degraded HA in A,
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* p<0.04 relative to the vector control. Statistics for NO release in B, #, ## p<0.02 for hyal2
transfected MyD88−/− and TLR2/TLR4−/− relative to WT chondrocytes, respectively.
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Figure 4.
TLR2/TLR4- and MyD88-dependent pro-catabolic responses to recombinant HMGB1.
Mouse femoral head cartilages (A,B) or immature mouse chondrocytes (C,D) isolated from
MyD88−/−, TLR2/TLR4−/− and congenic WT mice were stimulated with purified
recombinant HMGB1 (10 µg/ml) for 3 days. Conditioned media were analyzed for release
of NO, MMP-3, and MMP-13 as above. Data for NO release from cartilage explants and
chondrocytes (n=5 and 3, respectively), and for MMP-3 and MMP-13 release from both
explants and chondrocytes were representative of 3 individual experiments. Statistics for NO
release in A, #, ##p<0.01 for rHMGB1-treated MyD88−/− and TLR2/TLR4−/− relative to
WT explants. Statistics for NO release in B, *,** p<0.01 for rHMGB1-treated MyD88−/−

and TLR2/TLR4−/− relative to WT chondrocytes.
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Figure 5.
TLR2/TLR4- and MyD88-dependent pro-catabolic responses to endogenously produced
HMGB1. Immature mouse chondrocytes isolated from MyD88−/−, TLR2/TLR4−/−,
TLR2−/−, TLR4−/− and congenic WT mice were transfected with HMGB1 cDNA, with an
empty vector plasmid DNA used as a control. Forty-eight hours after transfection, the cells
were placed onto poly-HEME coated plates. After three more days, release of HMGB1 was
confirmed form the conditioned media by Western blot analysis (A). The conditioned media
were analyzed for release of NO (B), MMP-3 and MMP-13 (C). Data for NO release from
chondrocytes (n=3), and for MMP-3 and MMP-13 release from chondrocytes were
representative of 3 individual experiments. Statistics for NO release in B, *, **p<0.005 for
HMGB1 transfected MyD88−/− and TLR2/TLR4−/− relative to WT chondrocytes,
respectively. Statistics for NO release in D, #p< 0.01 and ## p<0.04 for HMGB1 transfected
TLR2−/− and TLR4−/− relative to WT chondrocytes, respectively.
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Figure 6.
MyD88 mediates ADAMTS5 release and maturation to hypertrophy in chondrocytes in
response to transfection of hyal2 and HMGB1. Immature mouse chondrocytes isolated from
MyD88−/− and congenic WT mice were transfected with either hyal2 or HMGB1, with an
empty vector plasmid DNA used as a control. Forty-eight hours after transfection, the cells
were placed onto poly-HEME coated plates. Release of ADAMTS5 (A) and type × collagen
protein expression (B) were determined from conditioned media after two more days and
cell lysates after three more days, respectively, by Western blot analyses. The mRNA
expression of type II and type × collagen, MMP-13 and Runx2 (C–F) were analyzed by
quantitative RT-PCR after two more days. Data for release of ADAMTS5 and type ×
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collagen protein expression in A and B were representative of 3 individual experiments.
Data for mRNA expression of type II and type × collagen, MMP-13 and Runx2 (C–F) were
from chondrocytes (n=3). Statistics for type II mRNA expression in C, *p<0.02 and #p<0.01
for WT chondrocytes transfected with hyal2 and HMGB1 relative to WT chondrocytes
transfected with the vector control, respectively; **, ##P<0.01 comparing MyD88−/− with
WT chondrocytes in response to transfection with hyal2 and HMGB1, respectively. For
mRNA expression of type × collagen, MMP-13, and Runx2, *,# p<0.05 (Figure D),
*,#p<0.001 (Figure E), and *,#p<0.02 (Figure F) comparing MyD88−/− with WT
chondrocytes in response to transfection with hyal2 and HMGB1, respectively.
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