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Oxidized low density lipoprotein facilitates tumor necrosis
factor-o mediated chondrocyte death via autophagy pathway
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Abstract. We aimed to investigate the role of oxidized low
density lipoprotein (ox-LDL) in tumor necrosis factor-a (TNF-a)
mediated chondrocyte death and explore the mechanisms. Ten
osteoarthritis (OA) and normal control cartilage tissue and
synovial fluid (SF) samples were collected, and the expression
of lectin-like ox-LDL receptor-1 (LOX-1) and ox-LDL level was
examined by real time quantitative PCR and enzyme-linked
immunosorbent assay (ELISA). An in vitro chondrocyte model
was established by the introduction of TNF-a and ox-LDL,
cell death was analyzed by trypan blue assay and the mecha-
nisms were explored based on the apoptosis related pathway
and autophagy pathway. Significantly increased ox-LDL level
(70.30+17.83 vs. 37.22+19.97, P<0.05) in SF sample and LOX-1
expression level (0.51+0.10 vs. 0.32+0.04, P<0.05) in cartilage
tissue was found in OA patients compared to those corresponding
samples from control subjects. Ox-LDL could facilitate TNF-a
mediated chondrocyte death and this effect could be blocked by
LOX-1 antibody neutralization. Autophagy inhibition by 3-MA
and Atg-5 siRNA could reverse the cell death effect mediated
by TNF-a and ox-LDL co-treatment on chondrocytes. Oxidized
low density lipoprotein facilitates tumor necrosis factor-a
mediated chondrocyte death via its interaction with LOX-1, and
autophagy is involved in the mechanisms.

Introduction
Osteoarthritis (OA) represents the most prevalent type of

joint disease especially in the elderly and it is estimated that
about 3 million newly diagnosed OA could be presented
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each year (1,2). In current clinical practice, joint replacement
remains the preferred treatment method for patients with
advanced OA (3). However, due to the lacking of knowledge
about the disease pathophysiology, only a few effective
disease-modifying therapies has been proposed for OA treat-
ment. Therefore, investigate the disease mechanism will give
insights for the treatment.

OA is characterized by extracellular matrix destruction
and chondrocyte function loss (apoptosis) and multiple risk
factors could result in this phenomenon, including mechanical
injury, aging and inflammation (4). Enhanced chondrocyte
apoptosis is considered as the sign of cartilage joint degenera-
tion in OA (5). Studies have shown that a variety of stimuli
including tumor necrosis factor-a (TNF-a) (6), TNF-related
apoptosis-inducing ligand (TRAIL) (7) and nitric oxide (8)
were involved in the chondrocytes apoptosis process. Recent
epidemiology and experimental studies have shown that lipid
peroxidation was involved in the pathogenesis of OA (9,10).
Associations were found between hypercholesterolemia or
hypertension and OA (9,10). Joint manifestation are frequently
presented in patients with familial hypercholesterolemia,
which is characterized by a decreased removal of low-density
lipoprotein (LDL), and treatment with a lipid-lowering diet
attenuates the incidence of joint involvement (11). However,
the few studies has explored the detailed events involved in
these events.

Here, we aimed to investigate the role of oxidized low
density lipoprotein (ox-LDL) in TNF-a mediated chondrocyte
death and explore the mechanisms. Based on our patient
data and cell model experiment data, we demonstrated that
ox-LDL could enhance TNF-a mediated chondrocyte death
via autophagy related pathway.

Materials and methods

OA cartilage and SF samples. OA (n=40) cartilage and
synovial fluid (SF) samples were collected at the time of
total knee arthroplasty at Shanghai Sixth People's Hospital,
Shanghai, China. Normal cartilage and SF from patients
(n=40) with no history of OA was obtained from Shanghai
Sixth People's Hospital. Cartilage and SF samples were stored
in -80°C before further processing. The demographic data of
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these patients, including age, gender, body mass index (BMI),
disease duration, the total Western Ontario and McMasters
University Osteoarthritis Index (WOMAC) score, ox-LDL
level and Lox-1 level, were also collected and listed in Table I.
Among these indexed, the total WOMAC score includes
WOMAC pain score and WOMAC function score, and
functional disability and pain were assessed by self-reported
questionnaires according to previous publications (12,13). All
research involving human participants was approved by the
Institutional Review Board of Shanghai Jiaotong University
School of Medicine, Shanghai, China. Written informed
consent was collected from all the participants.

Enzyme-linked immunosorbent assay. SF samples were
examined with enzyme-linked immunosorbent assay (ELISA)
kit from Cell Biolabs Inc., (San Diego, CA, USA) and the
absorbance value was measured at 450 nm to concentration
measurement according to the manufacturer's instructions.

Quantitative real-time reverse transcription-polymerase chain
reaction (qRT-PCR) assay. Total cellular RNA was extracted
from of cartilage tissue with TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA). RT-PCR was carried out
using a One Step SYBR® PrimeScript™ RT-PCR kit (Takara
Bio, Dalian, China) and an iQ5 Real-time PCR Detection
system (Bio-Rad, Hercules, CA, USA). Expression of the
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene
was assayed simultaneously with samples as an internal
control. Relative gene expression was determined by the 2-4A¢T
method (14). Oligonucleotide primers specific for LOX-1 and
GAPDH are listed in Table II.

Cell culture and treatment. Human articular chondrocyte
culture was purchased from cell culture collection of Fudan
University, Shanghai, China, and cultured according to the
manufacturer's instruction. Cell were plated at a density
of 1x10*/cm? in a human chondrocyte medium containing
chondrocyte growth supplement and penicillin/streptomycin
(ScienCell, Carlsbad, CA, USA) and incubated at 37°C in
a humidified 5% CO, incubator. In the setting of LOX-1
neutralization, chondrocytes at 70-80% confluency were
pre-incubated with or without anti-LOX-1 antibody (10 xg/ml)
before processing for vehicle control or TNF-a (50 ng/ml) or
ox-LDL (20 pg/ml, Yiyuan biotech, Guangzhou, China) or
TNF-a (50 ng/ml) and ox-LDL (20 pg/ml) co-treatment for
24-48 h. In the experiment of autophagy inhibition, chondro-
cytes at 70-80% confluency were pre-treated with or without
3-MA (10 mM) for 24 h before processing for vehicle control
or TNF-a (50 ng/ml) and ox-LDL (20 pg/ml) co-treatment
for 24 h.

Lenti-virus mediated autophagy protein 5 (ATG5) knockdown.
ATGS5 siRNA lentivirus and control lentivirus were
obtained from Shanghai Hanbio Co. Ltd., Shanghai, China.
Chondrocytes cultured in a 6 well plate at 50% confluence
were infected with 50 ul ATGS siRNA and control lentivirus
in 3 ml serum free human chondrocyte medium containing
8 ug/ml puromycin for 24 h. Medium change was performed
after 24 h and the efficacy of ATG-5 knockdown was verified
by western blotting. Chondrocytes were collected at 48 h
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after lentivirus infection, followed by TNF-a (50 ng/ml) and
ox-LDL (20 ug/ml) co-treatment for 24 h.

Cell viability. Cell viability was determined by trypan blue
exclusion assay.

Immunofluorescence. Cells were collected onto a clean glass
slide by using centrifugation at 1,000 rpm for 5 min. The slide
was then incubated with LC3 primary antibody for 1 h at 37°C,
washed 3 times with PBS, incubated with FITC-conjugated
secondary antibody for 1 h at room temperature and finally
dropped with DAPI containing anti-quench reagents.
Fluorescence images were observed and analyzed using Zeiss
LSM 510 laser-scanning confocal microscope (Goettingen,
Germany).

DNA fragmentation assay. After serum-starvation for 12-24 h,
the medium was changed to serum-free medium containing
Ox-LDL (20 ug/ml) or vehicle control for 24-48 h. Cells were
washed with ice-cold PBS and lysed in a buffer containing
10 mM Tris-HCI, pH 7.4, 150 mM NaCl, 0.3% SDS and 20 mM
EDTA at 4°C for 30 min. After incubation with RNase A
(20 pg/ml) and proteinase K (0.4 mg/ml), DNA was extracted
with phenol-chloroform-isoamyl alcohol (25:24:1), dissolved
in 30 pl Tris-EDTA buffer, and then subjected to 3% agarose
gel electrophoresis. Fragmented DNA was visualized with the
SYBR green I DNA staining system.

Western blot analysis. Cells treated according to abovemen-
tioned procedure were lysed in RIPA buffer, followed by
high speed centrifugation and protein quantification using a
bicinchoninic acid assay. Cellular proteins were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and transferred to polyvinylidenedifluoride membranes.
After blocking, the membranes were incubated with primary
monoclonal antibodies against LC3, Caspase-8 and Caspase-3
(Cell Signaling Technology, Cambridge, MA, USA). B-actin
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used
as the loading control. Horseradish peroxidase-conjugated
secondary antibodies were applied to detect labeled proteins.
Protein bands were developed with SuperSignal Ultra
Chemiluminescent Substrate (Pierce, Rockford, IL, USA) on
X-ray films (Kodak, Tokyo, Japan).

Statistical analysis. Statistical analysis was carried out using
SPSS v18 (SPSS, Chicago, IL, USA). Data were reported as
means + standard deviation (SD). Student's t-test or one-way
analysis of variance was used to determine the significance of
difference between groups. P<0.05 was considered to indicate
a statistically significant difference.

Results

Increased level of ox-LDL and Lox-1 in OA patients.
In order to clarify the possible role of ox-LDL and Lox-1
during the presence of osteoarthritis, we firstly collected SF
and cartilage samples from 40 OA patients and 40 normal
control subjects (please see Table II about the demographic
data of these subjects) and determined the ox-LDL level
in SF and Lox-1 expression in cartilage tissues by ELISA
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Table I. Demographic data of the osteoarthritis patients.
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Table II. Primer sequences.

Healthy controls Patient Gene Forward Reverse
(n=40) (n=40) name primer (5'-3") primer (5'-3")

Age 47.7£104 574+102 LOX-1 TTACTCTCCATG AGCTTCTTCTGC
Sex (female, %) 22 (55%) 21(52.5%) GTGGTGCC TTGTTGCC
BMI (kg/m?) 27.5+4.5 26.2+3.9 GAPDH CAAAGCCAGAG GATGGTCTTGGT
Disease duration - 52.2+38.1 TCCTTCAGA CCTTAGCC
Total WOMAC score - 73.0+19.9
LOX-1 level 0.33+0.04 0.49+0.11 LOX-1, lectin-like ox-low density lipoprotein receptor-1.
Ox-LDL level (mU/ml) 34.5+15.7 64.8+18.3

Ox-LDL, oxidized low density lipoprotein; LOX-1, lectin-like ox-low
density lipoprotein receptor-1; BMI, mody mass index; WOMAC,
Western Ontario and McMasters University Osteoarthritis Index.

and qRT-PCR, respectively. The results showed that
significantly increased ox-LDL level [(64.8+18.3) mU/ml vs.
(34.5£15.7) mU/ml, P<0.05] (Fig. 1A) and Lox-1 expression
(0.49+0.11 vs. 0.33+£0.04, P<0.05) could be found in OA
patients compared to normal controls (Fig. 1B). Moreover,
we also found that correlations could be found between
the ox-LDL (r=0.786, P<0.01) (Fig. 1C) or Lox-1 (r=0.805,
P<0.01) (Fig. 1D) and the total WOMAC score, which is
a common disease severity indexes used in OA. In addi-
tion, the association between ox-LDL and LOX-1 was also
observed according to the correlation analyses (r=0.635,
P<0.05) (Fig. 1E). These results suggested that increased
level of ox-LDL and Lox-1 was presented in OA patients and
according to the results from correlation analyses, ox-LDL
and Lox-1 may be involved in the pathogenesis of OA.

Facilitation of TNF-a-mediated chondrocyte death by
ox-LDL. According to the previous description (15),
low-grade inflammation with increased expression of proin-
flammatory cytokines (eg. TNF-a) in articular cartilage
and synovium result in chondrocyte death and contribute to
disease progression of OA. Since the increased ox-LDL level
and Lox-1 expression was found in OA patients and they were
considered to be involved in the disease process of OA, we
further established an in vitro TNF-a mediate chondrocyte
inflammation model to clarify the role of ox-LDL and LOX-1
during OA process. As shown in Fig. 2A, TNF-a and ox-LDL
alone did not affect the cell death obviously compared to
the control (TNF-a vs. ox-LDL vs. Control: 4.65+2.21%
vs. 6.86+4.65% vs.3.60+1.04%, P>0.05), however, combine
use TNF-a and ox-LDL could result in significantly
increased chondrocyte death and these effects could be
reversed by Lox-1 monoclonal antibody (TNF+oxLDL vs.
control: 66.90+6.98% vs. 3.60+1.04%; TNF+oxLDL vs.
TNF+oxLDL+Lox-1 Ab: 66.90+6.98% vs. 11.40+1.50%,
P>0.05). In order to further confirmed the cell phenomenon
during the TNF-a and ox-LDL combined treatment, we
employed DNA fragmentation assay and flow cytometry
assay to verification. Our results demonstrated obvious
DNA fragmentation phenotype could be found during the
combine use TNF-a and ox-LDL, but not in the condition

of TNF-a and ox-LDL alone, and DNA fragmentation could
be abolished by Lox-1 antibody (Fig. 2B); moreover, the flow
cytometry results of cell apoptosis showed similar trend
and the cell apoptosis rate under control, TNF-a, ox-LDL,
TNF+oxLDL and TNF+oxLDL+Lox-1 Ab was 3.0, 4.0, 6.4,
62.7 and 13.7%, respectively (Fig. 2C). In addition, we also
employed western-blotting to examine the apoptosis initiate
caspase (caspase-8) and executioner caspase (caspase-3) and
the results showed that increased level of cleaved caspase-8
and caspase-3 were found in the setting of TNF-a and
ox-LDL combination, which could be abolished by adding
in Lox-1 antibody (Fig. 2D). These results indicated that
ox-LDL could facilitate the TNF-a effects on chondrocyte
death by increasing cell apoptosis. Autophagy is involved in
the cell death process mediated by TNF-a and ox-LDL.

According to previous description (16), both apoptotic
as well as non-apoptotic mechanisms were involved in the
cell death affected by OA and autophagy related cell death
was considered as one of novel mechanism involved in the
chondrocyte death. We therefore examined the autophagy
classical marker LC3 by western-blotting and immuno-
fluorescence. As shown in Fig. 3A, we found that increased
LC3-II, which is an indicator of autophagy activation, was
found after TNF-a and ox-LDL combination treatment, and
this process could be blocked by Lox-1 antibody neutral-
ization. The immunofluorescence results in Fig. 3B also
confirmed the effects of TNF-a and ox-LDL combination on
autophagy activation by LC3 green fluorescence and Lox-1
antibody treatment could inhibit this process. These results
indicated autophagy is involved in the cell death process
mediated by TNF-a and ox-LDL.

Autophagy inhibition reverse the cell death process mediated
by TNF-a and ox-LDL. Since the above results suggested the
involvement and enhancement of autophagy process in the
cell death process mediated by TNF-a and ox-LDL, we here
further determined the cell death by induction of autophagy
inhibition by classical autophagy inhibitor 3-MA and ATGS5
siRNA. According to the results, both 3-MA and ATGS5
siRNA treatment could result in the decreased level of LC3II,
which was verified by western-blotting (Fig. 4A for 3-MA;
Fig. 4E for ATGS siRNA) and immunofluorescence (Fig. 4B
for 3-MA; Fig. 4F for ATGS5 siRNA). We further employed the
cell viability counting to verify the cell death phenotype, both
3-MA and ATGS siRNA treatment could result in decreased
cell death as shown in Fig. 4C and G, respectively. In addition,
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Figure 1. Increased level of ox-LDL and Lox-1 in patients with osteoarthritis are correlated with the total WOMAC score. A total of 40 cases of osteoarthritis
(n=40) and 40 cases of normal controls (n=40) were included. (A) Relative Lox-1 expression and (B) levels of synovial fluid ox-LDL was determined by ELISA
and quantitative real time polymerase chain reaction. Moreover, correlation analyses were performed between (C) ox-LDL level or (D) Lox-1 level and the
total WOMAC score and (E) between ox-LDL level or Lox-1 level. “P<0.05 compared to normal control. WOMAC, Western Ontario and McMasters University
Osteoarthritis Index; ox-LDL, oxidized low density lipoprotein; Lox-1, lectin-like ox-LDL receptor-1.

the western-blotting analysis of caspase-8 and caspase-3 also
verified that both 3-MA and ATGS5 siRNA treatment could
decreased the level of cleaved caspase-8 and capase-3 (Fig. 4D
for 3-MA; Fig. 4H for ATGS siRNA). Taken together, by using
small molecule inhibitor 3-MA and gene manipulating ATGS
knockdown, we confirmed the autophagy inhibition could
reverse the cell death process mediated by TNF-a and ox-LDL.

Discussion

In present study, we first found that significantly increased
ox-LDL level in SF sample and LOX-1 expression level in
cartilage tissue was found in OA patients compared to those
corresponding samples from control subjects. Based on this
phenotype, we further explored the effect of ox-LDL on TNF-a
mediated chondrocyte death, and results showed that ox-LDL

could facilitate TNF-o mediated chondrocyte death and this
effect could be blocked by LOX-1 antibody neutralization.
Moreover, we also found that autophagy inhibition by 3-MA
and Atg-5 siRNA could reverse the cell death effect medi-
ated by TNF-a and ox-LDL co-treatment on chondrocytes.
Therefore, we concluded that ox-LDL facilitates tumor necrosis
factor-a mediated chondrocyte death via its interaction with
LOX-1 and autophagy is involved as the mechanisms. To the
best of our knowledge, this the first report to link ox-LDL,
chondrocyte death and autophagy.

According to recent studies, peroxidation of serum
LDL was observed during the inflammation and infection
process (17). During the osteoarthritis or rheumatoid arthritis,
accelerated vascular porosity could be initiated by inflamma-
tion, thereby resulting in invasion of various inflammatory
cells and permeation of the biological activators, such as
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Figure 2. Facilitation of TNF-a-mediated chondrocyte death by oxidized low density lipoprotein (ox-LDL). After 30 min preincubation with or without anti-
LOX-1 antibody (10 pg/ml), Chondrocytes were co-treated with TNF-a (50 ng/ml) and ox-LDL (20 pg/ml), and harvested at 24 or 48 h for (A) cell death , (B)
DNA fragmentation assay , (C) Flow cytometry analysis of the chrondrocyte apoptosis by Annexin V/PI staining and (D) western blot analysis of apoptosis
related proteins. (A , B and C) Ox-LDL co-treatment could facilitate TNF-a-mediated chondrocyte death and this process could be blocked by Lox-1 mono-
clonal antibody pretreatment. (D) Western-blot analysis revealed that increased level of cleaved caspase-8 and caspase-3 in TNF-a and ox-LDL co-treated
chondrocytes, and that this effect could be blocked by Lox-1 antibody pretreatment.*P<0.05 compared to control. ox-LDL, oxidized low density lipoprotein;
Lox-1, lectin-like ox-LDL receptor-1; TNF-a, tumor necrosis factor a; Ab, antibody; PI, propidium iodide.
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Figure 3. Autophagy is involved in the cell death process mediated by TNF-a and ox-LDL co-treatment. After 30 min preincubation with or without anti-LOX-1
antibody (10 pg/ml), chondrocytes were co-treated with TNF-a (50 ng/ml) and ox-LDL (20 ug/ml) for 24 h, and LC3 level and pattern was analyzed by
(A) western blotting and (B) confocal microscopy, respectively. (A) Increased LC3 II was found by western blotting in TNF-o and ox-LDL co-treated chondro-
cytes and this effect could be blocked by Lox-1 antibody pretreatment. (B) Enhanced LC3 pattern was found in TNF-a and ox-LDL co-treated chondrocytes
and this effect could be blocked by Lox-1 antibody pretreatment. 'P<0.05 compared to control. ox-LDL, oxidized low density lipoprotein; Lox-1, lectin-like
ox-LDL receptor-1; LC3, microtubule-associated proteins 1A/1B light chain 3B.

oxLDL, into joints. Furthermore, ox-LDL has suggested to  we first collected the SF to perform the quantitative analysis
play an important role in the pathogenesis of some ageing of ox-LDL and significantly elevated ox-LDL was found in OA
related disorders (eg. atherosclerosis) (18-20). In addition,  patients compared to normal controls.

both hypercholesterolemia and hypertension was identified as LOX-1, firstly cloned from cultured bovine aortic endothelial
the risk factor for OA (9,10). Taken together, these evidences  cells,is identified as the receptor of ox-LDL (21). Previous studies
suggested that ox-LDL may be involved in the OA. Therefore, have shown that the expression of LOX-1 on non-phagocytes,
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(F) LC3 pattern analysis by confocal microscopy. (G) Cell death analysis. (H) Western blot analysis of apoptosis related protein cleaved caspase-3 and
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such as vascular endothelial cells, smooth muscle cells, platelets
and cardiomyocytes (22,23), and inducible expression of LOX-1
could be found during the inflammation. Notably, it has been
reported that expression of LOX and association of ox-LDL was
found in chondrocytes of a rat model of arthritis (24). Moreover,
treatment of these arthritis rats with anti-LOX-1 monoclonal
antibody could suppress articular cartilage degeneration.
In vitro chondrocytes model showed that enhanced LOX-1
expression could be found by treatment with ox-LDL and
pro-inflammatory cytokine (eg.interleukin-1p) (25). Here, we
examined the expression of LOX-1 in cartilage tissue and our
results showed that increased level of LOX-1 in cartilage tissue
from OA patients compared to normal controls.

Two mechanisms are proposed to be involved in the
TNF-a mediated chondrocyte apoptosis, including direct
apoptosis induction and indirect apoptosis priming by Fas
ligand presentation (26,27). The proto-oncogenes of Bcl-2/Bax
family are involved in the cellular signaling pathway of TNF-a
mediated chondrocyte apoptosis, and activation of effector
caspases (such as caspase-3 and caspase-8) are proposed as
the downstream signaling events (28). We here found that
ox-LDL could enhance the TNF-a mediated chondrocyte
apoptosis as evidenced by increased level of cleaved caspases.
Here, our found that cell death under the treatment of TNF-a
is not significant higher than the control (Fig. 2A) and this
result was consistent with several previous studies (29-32).
However, the further investigate might be needed to prove
the exact role of TNF-a on chondrocyte biology. Autophagy
is a considered as the catabolic pathways for intracellular
macromolecules degradation. At the beginning of autophagy,
autophagosome was formed by sequestration of cytoplasmic
organelles in a membrane vacuole. Then, fusion of the
autophagosomes with lysosomes could result in degradation
and recycling of the cellular materials. Recent studies have
shown that increased autophagic activity could induce cell
death (33,34). According to previous studies, autophagy is
an important cell survival mechanism under various forms
of stress (35). Autophagy serves not only to regulate the final
stages of the chondrocyte lifecycle, but also the rate at which
chondrocytes enter the maturation process (36). Autophagy in
normal adult articular cartilage is an important mechanism for
cellular homeostasis (16). Catabolic and nutritional stresses
could also increase autophagy in OA, and during the initial
degenerative phase at least, autophagy is increased in OA
chondrocytes and cartilage, with increased level of autophagy
related molecules, including LC3 and Beclin-1 in OA chon-
drocytes (37). Here, we used TNF to induce inflammation to
mimic the OA chondrocytes. Moreover, ox-LDL was shown
to induce apoptosis in multiple cells (such as endothelial
cells (38) and macrophages) (39) and we observed increased
level of ox-LDL in OA patients, therefore, we add ox-LDL to
the OA chondrocyte model and examined its effects. Increased
LC3 represents the increased autophagy level, while increased
caspase-3 and caspase-8 represents the executioner caspase
and initiator caspase, respectively, during the cell apoptosis.
Our results was consistent with the conclusion that both apop-
totic as well as non-apoptotic mechanisms were involved in
the cell death affected by OA, which were found by previous
studies (16,40-42). According to previous description (40-42),
both apoptotic as well as non-apoptotic mechanisms were
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involved in the cell death affected by OA and they also
concluded that demonstrated that cell death of chondrocytes
within OA undergoes changes different from the classical
apoptosis and they considered that this type of death is a
combination between the classical apoptosis and autophagy.
Our results here supported these descriptions. Moreover,
although the role of autophagy in cell death has been elucidated
in multiple experimental and physiological system, controver-
sial are existed on the positive or negative role of autophagy on
cell death due to both cytoprotective and cell death functions
are implicated during autophagy process (43-45). The results
here suggested that autophagy inhibition could facilitate the
chondrocytes survival during the challenge of TNF-a and
ox-LDL. Here, we did not examine the effects of TNF-a
inhibitors on change of LOX-1 expression level because we
are unable to obtain the monoclonal antibodies for TNF-alpha
inhibitor (46), but these examinations could be the potential
future work.

In conclusion, we demonstrated here that ox-LDL
could interaction with LOX-1 on chondrocyte and promote
TNF-a mediated chondrocyte death via autophagy related
mechanisms.
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