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Abstract
Objective
To investigate the involvement of oxidized low density lipoprotein (ox-LDL) and the expression of its receptor lectin-like
oxidized low density lipoprotein receptor 1 (LOX-1) in osteoarthritis, by determining the ox-LDL in synovial fluid and the
expression of LOX-1 mRNA and protein in osteoarthritic as well as normal cartilage. In addition, the effect of ox-LDL on
chondrocyte viability and the effect of ascorbic acid (a well-known anti-oxidant) on LOX-1 expression were studied.

Methods
Fifteen patients were included in the study. Osteoarthritic articular cartilage was obtained from two distinct locations in
the knee (n = 10) and hip (n = 5), specifically from weight-bearing and non-weight-bearing areas of the same joints. Five
individuals were used as controls. mRNA and protein expression were studied by RT-PCR and immunofluorescence, respec-
tively. Ox-LDL was measured in the synovial fluid and in paired serum samples from the patients using the ELISA method.

Results
Ox-LDL was detected in the synovial fluid and its receptor LOX-1 was detected in cartilage from both weight-bearing and
non-weight-bearing areas, whereas no LOX-1 expression was found in normal cartilage. Ox-LDL reduced chondrocyte
viability in cell cultures, while the addition of ascorbic acid to osteoarthritic chondrocytes resulted in a decrease in LOX-1
mRNA expression.

Conclusion
The detection of LOX-1 mRNA and protein expression in osteoarthritic cartilage drawn from both weight-bearing and non-
weight-bearing regions of the same patients suggest that LOX-1 may be involved in the progression and pathogenesis of
osteoarthritis.
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Introduction

Osteoarthritis (OA) is a common age-
related joint disorder. As in other age-
related degenerative diseases (for ex-
ample, those of the cardiovascular sys-
tem), altered lipid metabolism has been
implicated as a critical player in disease
development (1, 2). It has been shown
that the lipid content in the superficial
layer of normal articular cartilage in-
creases with age (3, 4). Lipid deposi-
tion, seen early in the OA process and
before any histological changes, is
considered to reflect lipid involvement
in the pathogenesis of OA (4). Further-
more, recent population studies have
provided support for the hypothesis
that serum cholesterol is a systemic
risk factor for OA and an association
has been observed between high se-
rum cholesterol levels and radiologic
OA (5-7). Lipid peroxidation has been
linked to the structural destabilization
of cartilage matrix, while lipid peroxi-
dation inhibitors such as ascorbic acid
and vitamin E have been shown to exert
a protective role in extracellular matrix
degradation (8-10).

Oxidized low density lipoprotein (ox-
LDL), which is known to be accumulat-
ed under conditions of oxidative stress,
is a molecule with many biological
functions; it causes lipid accumulation,
elicits pro-inflammatory changes in-
cluding apoptosis, and also transforms
macrophages and other cells to foam
cells (11). Ox-LDL has been detected
in the synovium and synovial fluid of
patients with rheumatoid arthritis (RA)
and recently it was demonstrated that it
affects chondrocyte viability and prote-
oglycan synthesis synergistically with
the cyclic tensile stretch load (12-14).
Lectin-like oxidized LDL receptor 1
(LOX-1) is a type II membrane protein
belonging to the C-type lectin family of
molecules, which can act as a cell-sur-
face endocytosis receptor for ox-LDL
(15). LOX-1 expression and ox-LDL
accumulation have been detected in ar-
thritic joints in a rat zymosan-induced
arthritis model (16). In cultured rat
chondrocytes, it was shown that treat-
ment with ox-LDL and IL-1p upregu-
lated LOX-1 expression (17). Also, in
bovine articular chondrocyte cultures,
ox-LDL binding to LOX-1 increased
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the production of intracellular reactive
oxygen species (ROS) and activated
NF-kB, suggesting that ox-LDL has
similar effects to IL-1f3 on cartilage
degradation (18). LOX-1 expression
has been detected in human RA carti-
lage, whereas in the same study normal
and OA cartilage did not present any im-
munoreactive staining, indicating that
LOX-1 is not expressed in OA cartilage
(19). However, a subsequent study by
the same group produced conflicting re-
sults, as both OA and normal cartilage
exhibited LOX-1 expression (20).
Although LOX-1 has been shown to be
implicated in RA, its presence in OA
and normal cartilage remains contro-
versial and its role in the pathophysi-
ology of OA remains unknown. In the
present study we investigated LOX-1
mRNA and protein expression in oste-
oarthritic cartilage derived from both
weight-bearing and non-weight-bear-
ing areas of the same joint, as well as
in normal articular cartilage. Further-
more, in order to assess the role of
LOX-1 in osteoarthritis, we studied the
effect of ascorbic acid, an anti-oxidant
nutrient, on LOX-1 mRNA expression
in osteoarthritic as well as in normal
chondrocytes.

Materials and methods

Cartilage samples

Articular cartilage samples were ob-
tained from the femoral head, femoral
condyles and tibial plateaus of patients
with primary OA who were undergo-
ing hip and knee replacement surgery
at the Orthopaedics Department of the
University Hospital of Larissa. A tot-
al of 15 patients were included in the
study (3 male/12 female; mean age
71.5 = 5.51, range 63-80; mean body
mass index (BMI) 30.29 + 3.81, range
25.9 - 41.0). Two specimens were taken
from every patient. Each sample was
categorized according to its gross mor-
phology, as either severely damaged
(advanced OA, having being taken
from the main defective area of maxi-
mal load) or mildly damaged (minimal
OA, based on samples taken from areas
with no obvious surface defects).

The macroscopic findings were vali-
dated by histological studies performed
on 5 um serial sections of cartilage



samples and graded using the Mankin
scoring system (21, 22). Specimens
with mild OA had a Mankin score of 1-
4, while specimens with advanced OA
had a Mankin score of 10-14. Normal
cartilage was obtained from 5 individu-
als (2 male, 3 female; mean age 36.6 +
12.6, range 25-58; mean BMI 25.04 +
0.83, range 23.88-25.97) with a Mankin
score of 0, who were undergoing frac-
ture repair surgery and had no history
of joint disease.

Radiographs were obtained before sur-
gery and were graded according to the
Kellgren-Lawrence system (23, 24).
Controls had a zero (0) K/L score, while
all patients had a K/L score > 2. The ra-
diographs were assessed by two inde-
pendent observers who were blinded to
all data regarding the subjects.

Patients with RA, or some other auto-
immune disease, or chondrodysplasias,
infection-induced OA and post-traumat-
ic OA, were excluded from the study.
The study protocol conformed to the eth-
ical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori ap-
proval by the Local Ethical Committee
of the University Hospital of Larissa.

Synovial fluid (SF) samples

SF samples were obtained from all 15
patients. The samples were collected in
EDTA tubes, placed immediately on ice
and subsequently centrifuged at 3000g
for 30 min. The supernatant was sepa-
rated and stored at -80°C until analysis,
but never for longer than 3 weeks.

Ox-LDL measurements in SF and
serum

In the quantitative determination of ox-
LDL in vitro, synovial fluid and paired
serum samples were analyzed for ox-
LDL using a specific enzyme-linked
immunosorbent assay (Mercodia, Upp-
sala, Sweden) according to the manufac-
turer’s instructions. Dilution and spiking
experiments were performed to validate
the use of the commercially available
ELISA kit for SF samples. Ox-LDL
concentrations were determined in du-
plicate. According to the manufactur-
ers, the detection limit for the ox-LDL
assay was =< 0.3 U/I. The intra- and in-
ter- assay coefficients of variation were
5.87% and 6.13%, respectively.
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Total RNA isolation

Fresh cartilage was dissected within
one hour after surgery and the total cel-
lular RNA was extracted using Trizol
reagent (Invitrogen, Life Technolo-
gies, Paisley, UK). The RNA was fur-
ther purified using an RNA extraction
kit (RNeasy Mini-kit, Qiagen, Hilden,
Germany) according to the manufac-
turers’ instructions. The preservation
of 28S and 18S rRNA species was used
to assess RNA integrity. All the sam-
ples included in the study had promi-
nent 28S and 18S rRNA components.
The yield was quantified spectrophoto-
metrically.

RT-PCR of LOX-1 mRNA

1 ug of RNA was reverse transcribed
to complementary DNA (cDNA) using
Moloney murine leukemia virus reverse
transcriptase (M-MLV-RT, Invitrogen,
Life Technologies, Paisley, UK), as
well as random primers (Gibco, BRL-
UK). As an internal control, the cDNA
was subjected to PCR analysis for
the retinoic acid receptor alpha gene
(RARa). PCR primers were select-
ed to amplify a 193-bp fragment for
LOX-1 (forward 5’-TTACTCTCCAT-
GGTGGTGCC-3’; reverse 5’-AGCT-
TCTTCTGCTTGTTGCC-3") and a
250-bp fragment for RARa (forward
5’-GGTGCCTCCCTACGCCTTCT-
37; reverse 5°-GGCGCTGACCCCAT-
AGTGGT-3"). The thermal cycling
conditions used for LOX-1 amplifica-
tion were 35 cycles at 94°C for 45 sec,
58°C for 45 sec and 72°C for 50 sec.
For RARa, 40 cycles at 94°C for 1min,
53°C for Imin and 72°C for 1min were
used. The amplified samples were vis-
ualized on 3% agarose gel and stained
with ethidium bromide. A 100-bp
DNA ladder (Gibco, BRL-UK) was
employed as the molecular weight
standard. Each LOX-1 mRNA band
was normalized with a band of rela-
tive internal reference RARa mRNA.
The relative intensities of the bands
of interest were analyzed by means
of ethidium bromide-stained agarose
gels scanned on Image Master®VDS
(Pharmacia Biotech, Uppsala, Swe-
den) using the LISCAP and were ex-
pressed as a ratio to the RARa mRNA
band.
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Detection of LOX-1 protein with
immunofluorescence

To determine whether the ox-LDL re-
ceptor LOX-1 is expressed in human
chondrocytes, we employed immuno-
fluorescence microscopy and a rabbit
antibody raised against amino acids
1-140 mapping near the N-terminus of
the receptor (Santa Cruz Biotechnolo-
gy, Inc). As secondary reagents, donkey
anti-rabbit IgG conjugated with FITC
and UltraCruz™ Mounting Medium
(Santa Cruz Biotechnology, Inc) were
used. Briefly, osteoarthritic and normal
chondrocytes from primary -cultures
were fixed in 2% (v/v) paraformalde-
hyde. After blocking with normal serum,
the cells were incubated overnight with
the primary antibody (dilution 1:100)
in a moisture chamber. The slides were
washed with Tris-buffer saline (TBS)
and incubated with FITC-conjugated
secondary antibody (1:150) at room
temperature for 2h. Cells were viewed
through a Zeiss axoplan fluorescence
microscope. Images were captured us-
ing a digital cool camera and processed
with Adobe Photoshop (Adobe Systems
Inc, Mountain View, CA).

Primary cultures of human articular
chondrocytes

Articular cartilage was transported from
the surgical room in HBSS medium and
dissected immediately. Explants were
washed twice with HBSS without Ca**/
Mg** (Gibco, BRL, UK). Cartilage sam-
ples were subjected to sequential diges-
tion with 1 mg/ml pronase (Roche) for
90 min and 1 mg/ml collagenase P (Ro-
che) for 3 hours at 37°C. The resulting
cell suspension was recovered by cen-
trifugation for 10 min. Chondrocytes
were counted and checked for viability
using trypan blue staining. More than
95% of the cells were viable after isola-
tion. Chondrocytes were then seeded in
6-well plates with Dulbecco’s Modified
Eagles Medium/ Ham’s F-12 (DMEM/
F-12) (GIBCO BRL, UK) plus 5% foe-
tal bovine serum (FBS) and 100 U/ml
penicillin-streptomycin and were incu-
bated at 37°C in a humidified 5% CO,
atmosphere.

Effect of ascorbic acid on chondrocytes
After reaching confluence, cultured nor-
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193bp

250bp

Fig. 1. Gel showing LOX-1
(193bp) and RARa (250bp)
mRNA expression in the os-
teoarthritic  cartilage from
weight-bearing (a) and non-
weight-bearing (b) regions
(lanes 1-6) in 6 patients, and
cartilage from 3 normal con-
trols (lanes 7-9).

mal and osteoarthritic chondrocytes
were first grown in serum-deprived
medium (DMEM/F-12 without FBS)
for 24 hours and subsequently with
increasing concentrations of ascorbic
acid (0-100 uM) (Sigma, St. Louis,
USA) for up to 20 days. RNA was
then extracted from cultured cells and
mRNA expression of LOX-1 was stud-
ied by RT-PCR.

Viability assay

Chondrocyte viability was assessed by
means of an MTT assay (3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide) (R&D Systems, Minne-
apolis, USA) that allowed the quantifi-
cation of viable cells. Human articular
chondrocytes were seeded in 96-well
plates and incubated in the presence of
increasing concentrations of ox-LDL
(10 to 40 ng/ml) (Intracel, USA) for 24,
48 and 72 hours. The tetrazolium com-
pound MTT (3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide)
was then added to the wells and the cells
were incubated for 2 hours. MTT is re-
duced by metabolically active cells to
insoluble purple formazan dye crystals.
At the end of the incubation period, de-
tergent reagent was added to each well
solubilizing the crystals. Absorbance of
the converted dye was measured using
a spectrophotometer at a wavelength of
570 nm with a reference wavelength
of 650 nm. The number of viable cells
per well in the presence of ox-LDL
was compared with non-treated control
cells. Wells containing only medium
served as blanks.

Statistical analysis
Statistical analysis was conducted us-
ing SPSS software (version 11.0).

Differences between women and men
were analyzed using the non-paramet-
ric Mann-Whitney U test. Correlation
coefficients were calculated by Pearson
rank correlation (r) and Spearman rank
correlation where applicable. Com-
parisons of the levels between matched
pairs of SF and serum samples were
made by the paired sample t- test. A
p value less than 0.05 was considered
significant for differences and correla-
tions.

Results

Detection of ox-LDL in the SF

SF samples obtained from OA patients
were analyzed for ox-LDL. There was
no significant difference between male
and female patients with respect to age
or BMIL.

Ox-LDL was detected in each of the
SF tested, with concentrations ranging
from 12.3U/1 to 75.85 U/l (mean 34.88
+ 18.45 U/1), and were similar to those
measured in the serum. Our study re-
vealed that there was no correlation in
ox-LDL values between the two body
fluid compartments. Gender-specific
or age-specific differences in ox-LDL
levels were not detected. A significant
correlation was observed between BMI
and ox-LDL levels in the SF (Pearson
rank correlation r = 0.881, p < 0.01).

LOX-1 mRNA and protein expression

Human adult articular chondrocytes de-
rived from osteoarthritic cartilage ex-
pressed LOX-1 mRNA, while normal
chondrocytes showed no such expres-
sion (Fig. 1). No significant differential

Table I. Quantification of the bands visualized in the gel. The ratio LOX-1/RARa mRNA
represents the relative expression of LOX-1 mRNA in cartilage samples from weight-bear-
ing and non-weight-bearing regions in 6 patients, as well as three normal cartilage sam-

ples.
Sample LOX-1 mRNA RARa mRNA LOX-1/RARa
Patient 1 ~ Weight-bearing 39,831.00 22,817.00 1.745672
Non-weight-bearing 55,229.00 44,776.00 1.233451
Patient2 ~ Weight-bearing 83,293.00 27,308.00 3.050132
Non-weight-bearing 83,162.00 34,248.00 2.428229
Patient 3~ Weight-bearing 40,794.00 37,709.00 1.081811
Non-weight-bearing 36,824.00 27,700.00 1.329386
Patient4 ~ Weight-bearing 73.,260.00 30,606.00 2.393648
Non-weight-bearing 104,946.00 44,291.00 2.369466
Patient 5  Weight-bearing 131,883.00 38,322.00 3.441444
Non-weight-bearing 88,885.00 47,463.00 1.872722
Patient 6 Weight-bearing 174,015.00 30,613.00 5.68435
Non-weight-bearing 68,759.00 22,629.00 3.038535
Control 7 0 0
Control 8 0 0
Control 9 0 0
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mRNA expression was observed be-
tween advanced and minimal osteoar-
thritic cartilage derived from the same
patient (Table I). Our LOX-1 protein
expression findings were in concord-
ance with the mRNA studies. Micro-
scopic immunofluorescence analysis
demonstrated immunolocalization of
LOX-1 in osteoarthritic chondrocytes
(Fig. 2a). When normal cartilage was
examined, no immunoreactive staining
was found with anti-LOX-1 antibody
(Fig. 2b). Non-specific control rab-
bit IgG yielded no positive staining in
chondrocytes.

Effect of ox-LDL on cell viability

We investigated the effect of ox-LDL
on chondrocyte viability. Increasing
concentrations of ox-LDL were added
to human chondrocytes and cell via-
bility was assessed by the MTT assay
after 24, 48 and 72 hours. We found
that Ox-LDL reduced the viability of
chondrocytes dramatically, decreasing
the number of cells by one-half after
24h incubation with 20 ug/ml (Fig. 3).
The experiments were repeated 3 times
with similar results.

Effect of ascorbic acid on LOX-1
expression

LOX-1 mRNA expression was stud-
ied in cultured normal and osteoar-
thritic chondrocytes after the addition
of ascorbic acid. Normal chondrocytes
showed no LOX-1 mRNA expression
with or without ascorbic acid. Howev-
er, we did observe that in osteoarthritic
chondrocytes LOX-1 mRNA expres-
sion decreased as the concentration of
ascorbic acid increased (Fig. 4).

Discussion

LOX-1 has been initially identified as
the major ox-LDL receptor in endothe-
lial cells, related to the pathogenesis
of atherosclerosis (15). Osteoarthritis
and atherosclerosis are both extremely
common age-related diseases. A high
prevalence of cardiovascular risk fac-
tors has been described in OA (25),
while cardiovascular mortality has
been linked to the severity and extent
of OA (26, 27). There are several ex-
planations for this association, with de-
creased amounts of exercise and obes-

LOX-1 expression in osteoarthritic cartilage / T. Simopoulou et al.

Fig. 2. Detection of
LOX-1 protein by
immunofluorescence.
(a) Dots represent
LOX-1 protein ex-
pressed on osteoar-
thritic chondrocytes.
(b) Normal chondro-
cytes show no immu-
nostaining.

ity being the most obvious, whereas a
common genetic background, altered
lipid metabolism, and microvascular
atheromatous disease have been pro-
posed as causative agents involved in
the progression of OA (28).

In the present study, ox-LDL was de-
tected in the synovial fluid of patients
with osteoarthritis, and was significant-
ly correlated with the patients’ BMI.
No correlation was observed between
ox-LDL levels in the SF and paired
serum samples. It has been suggested
that lipid diffusion from synovial fluid
occurs with aging and that the process
of lipid diffusion can be detected in OA
cartilage, depending on the severity of
the disease (3, 4). Age-related changes
in the lipid composition of cartilage
could push the normally contained li-
pid peroxidation process into a state of
uncontrolled oxidative stress, leading
to the oxidation of cartilage collagen.
This oxidation of collagen could cause
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fragmentation, which would alter the
material properties of collagen fibrils,
making them more brittle and prone to
mechanical fatigue failure, which in
turn could initiate osteoarthritis (8). It
is likely that LDL diffusing from se-
rum into the synovial fluid could be
oxidatively modified in the joint cavity.
Excess weight as a factor in excess me-
chanical stress may explain our finding
that the levels of ox-LDL in the SF cor-
related significantly with BMI.

Furthermore, we detected LOX-1
mRNA and protein expression in os-
teoarthritic chondrocytes. LOX-1 has
been previously detected in RA carti-
lage (19), while concerning the LOX-1
mRNA expression in OA and normal
cartilage there is conflicting data in
the literature from the same research
group. Kakinuma et al. failed to de-
tect LOX-1 in osteoarthritic cartilage,
while Akagi et al. detected LOX-1 in
both normal and osteoarthritic cartilage
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(19, 20). The discrepancy between the
two studies was attributed to differenc-
es in the cartilage sampling sites (non-
weight-bearing versus weight-bearing
areas, respectively), as well as in the
antibodies that were used for the im-
munohistochemistry.

In order to clarify this point, we used,
for the first time, cartilage from both
weight-bearing and non-weight-bear-
ing regions in the same patients and
performed histological studies to vali-
date our macroscopic findings. We
found that osteoarthritic chondrocytes
showed LOX-1 mRNA and protein ex-
pression, whereas no such expression
was detected in normal OA cartilage. It
has been shown that LOX-1 expression
is enhanced by oxidative stress, inflam-
matory mediators, shear stress and me-
chanical strain, as well as by its ligand,
ox-LDL (14, 15, 29, 30). It is possi-
ble that mechanical stress may induce
LOX-1 expression in chondrocytes in
the weight-bearing regions of carti-
lage. Degraded OA cartilage matrix
could provide easier access to ox-LDL
and subsequent binding to LOX-1. The
binding of ox-LDL to LOX-1 could ox-
idatively modify LDL to ox-LDL local-
ly in the surroundings of chondrocytes,
which in turn could upregulate LOX-1
expression in chondrocytes and con-
tribute to further ROS generation (18).
This vicious cycle of redox sensitive
regulation may explain the presence
of LOX-1 expression even in the non-
weight-bearing regions of cartilage.

In the present study, in order to clarify
whether LOX-1 is expressed or not in
normal cartilage, we took into consid-
eration that lipid deposition is seen ear-
ly in the OA process, even before any
histological changes, and we therefore
used only specimens from young people
(mean age 36.6 + 12.6) for our controls,
in contrast to the previous study which
used samples from controls with a mean
age of 80.3 + 10.3 (20). We found that
normal chondrocytes did not express
LOX-1 mRNA or protein. Furthermore,
as LOX-1 expression is enhanced in
several pathologic settings, including
hypertension, hyperlipidemia, diabetes
and atherosclerosis (31), we were very
careful to choose a control group with-
out any of the above-mentioned factors
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Fig. 3. Effect of increasing concentrations of ox-LDL (0-40ng/ml) on chondrocyte viability after 24,
48 and 72 hours. Cell numbers are expressed as a percentage of the controls (i.e., cell cultures that had
no ox-LDL). Data are shown as the mean + standard error of three independent experiments. () p <

0.05 was considered significant.

of co-morbidity, in contrast to the previ-
ous study, which used a control group
that had all of these co-morbidity fac-
tors (20).

It has been shown in vitro that oxidized
LDL exhibits, through binding to LOX-
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1, a variety of biological properties in-
volved in atherogenesis, and potentially
in OA, including cytotoxity (32). In ad-
dition, oxidized lipids promote calcifi-
cation, partly by compromising cell vi-
ability and partly by the direct modula-
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Ascorbic acid effect on LOX-1 mRNA expression
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Fig. 4. Effect of increasing concentrations of ascorbic acid (0-100 uM) on relative LOX-1 mRNA
expression (LOX-1 mRNA/RARa mRNA) in osteoarthritic chondrocytes. Data are shown as the mean
relative expression of LOX-1 from three independent experiments.

tion of hydroxyapatite deposition in the
matrix (33). We observed that ox-LDL
at 10-40 ug/ml reduced chondrocyte
viability. Previous studies have shown
that ox-LDL induces the apoptosis of
endothelial cells in association with
NF-xB activation, and non-apoptotic
cell death through the Akt pathway in
cultured articular chondrocytes from
rats (17). In addition, ox-LDL and cy-
clic tensile stretch load were found to
synergistically induce LOX-1 expres-
sion in cultured bovine and human
chondrocytes, resulting in decreased
cell viability and proteoglycan syn-
thesis, which have important implica-
tions for the progression of cartilage
degeneration in osteoarthritis (14, 20).
Our results show that ox-LDL has a cy-
totoxic effect on human chondrocytes
proportional to the concentration of ox-
LDL in the culture medium.

If oxidative modification of LDL plays
a role in osteoarthritis, it can be as-
sumed that its inhibition by an appro-
priate anti-oxidant would slow down
disease progression. In human plasma,
ascorbate is the only anti-oxidant that
can completely protect lipids from
the detectable peroxidative damage
induced by aqueous peroxyl radicals
(34). Chondrocytes consume glucose as
a primary substrate for ATP production
in glycolysis and utilize glucosamine
sulfate and other sulfated sugars (such
as vitamin C) as structural components
for extracellular matrix synthesis, and
are dependent on hexose uptake and
delivery to metabolic and biosynthetic

pools (35). We observed that the addi-
tion of ascorbic acid in osteoarthritic
chondrocytes resulted in a decrease in
LOX-1 mRNA expression, suggest-
ing that this anti-oxidative nutrient has
the ability to stop the cycle of ox-LDL
binding to LOX-1. Ascorbic acid has
been demonstrated to have specific ef-
fects in relation to the repair process in
arthritic joints. More specifically, it has
been shown to play a role in extracellu-
lar matrix production, as it is required
for the synthesis of type II collagen,
the most abundant protein in cartilage,
(36), which moderately stimulates the
synthesis of aggrecan (37), and its
absence has been associated with the
reduced mechanical resilience of col-
lagen fibrils and increased turnover
rates (38). Short-term studies in guinea
pigs have suggested that ascorbic acid
might be protective against osteoarthri-
tis, and that a diet supplemented with
vitamins (including vitamin C) and
selenium diminishes the development
of mechanically induced osteoarthritis
in the knee joints of mice (39-41). The
Framingham Knee Osteoarthritis Co-
hort Study showed that a high intake of
anti-oxidant micronutrients, especially
vitamin C, reduced the risk of cartilage
loss and disease progression in OA pa-
tients (38). However, a prospective co-
hort study from Australia was unable to
detect a significant effect of the main
dietary anti-oxidant vitamins (taken in
normal dietary amounts) on structural
or symptomatic progression in subjects
with OA of the knee over a period of 2
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years, whereas they found an adverse
effect of high dietary vitamin C intake
on knee function (42).

In conclusion, we have demonstrated
that ox-LDL present in the synovial flu-
id of patients with osteoarthritis is sig-
nificantly correlated with the patients’
BML. In addition, no LOX-1 expression
was found in normal chondrocytes,
whereas LOX-1 mRNA and protein ex-
pression were detected in osteoarthritic
cartilage derived from both the weight-
bearing and non-weight-bearing regions
of the same patients, suggesting the in-
volvement of LOX-1 in the progression
and pathogenesis of osteoarthritis.
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