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Tauroursodeoxycholic acid suppresses endoplasmic reticulum
stress in the chondrocytes of patients with osteoarthritis
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Abstract. The main pathogenic events in osteoarthritis
(OA) include loss and abnormal remodeling of cartilage
extracellular matrix. The present study aimed to evaluate the
protective effect of tauroursodeoxycholic acid on chondrocyte
apoptosis induced by endoplasmic reticulum (ER) stress.
Articular cartilage tissues were collected from 18 patients
who underwent total knee arthroplasty and were analyzed
histologically. Subsequently, chondrocyte apoptosis was
assessed by TUNEL. Quantitative polymerase chain reaction
and western blot analysis were employed to evaluate gene
and protein expression, respectively, of ER stress markers,
including glucose-regulated protein 78 (GRP78), growth
arrest and DNA-damage-inducible gene 153 (GADDI153)
and caspase-12 along with type II collagen. Chondrocytes
obtained from osteoarthritis patients at different stages were
cultured in three conditions including: No treatment (CON
group), tunicamycin treatment to induce ER stress (ERS
group) and tauroursodeoxycholic acid treatment after 4 h of
tunicamycin (TDA group); and cell proliferation, apoptosis,
function and ER stress level were assessed. Degradation of
cartilage resulted in histological damage with more apoptotic
cartilage cells observed. Of note, GRP78, GADDI153 and
caspase-12 mRNA and protein expression increased gradu-
ally from grade I to III cartilage tissue, while type II collagen
expression decreased. Tunicamycin induced ER stress, as
shown by a high expression of ER stress markers, reduced cell
proliferation, increased apoptosis and decreased synthesis of
type II collagen. Notably, tauroursodeoxycholic acid treat-
ment resulted in the improvement of tunicamycin-induced ER
stress. These results indicated that ER stress is highly involved
in the tunicamycin-induced apoptosis in chondrocytes, which
can be prevented by tauroursodeoxycholic acid.
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Introduction

Osteoarthritis (OA) is an aging-associated disease (1) that
affects the hyaline articular cartilage and all weight-bearing
joint structures. The main pathogenic events in OA include
loss and abnormal remodeling of cartilage extracellular
matrix (2). Chondrocytes, the only cell type of the articular
cartilage, maintain tissue homeostasis, respond to injury and
perform the cartilage remodeling process that characterizes
OA. Apoptosis has been proposed as a possible pathway for
osteoarthritis pathology and a strong association has been
demonstrated between the programmed cell death in chondro-
cytes and cartilage degradation in human osteoarthritis (3,4).
In addition, recent findings suggest that chondrocyte apoptosis
is closely associated with cartilage matrix integrity and devel-
opment of OA (5,6).

Apoptosis in chondrocytes results mainly from mito-
chondrial and extrinsic pathways (7,8). However, Archer and
Francis-West (9) suggested that blocking these two pathways
cannot completely prevent chondrocyte apoptosis and degra-
dation of cartilage matrix, indicating that another pathway
is responsible for apoptosis in chondrocytes. Recently, the
endoplasmic reticulum (ER) pathway has been reported to be
associated with apoptosis of chondrocytes in animal models
and cultured cells. Yang et al (10) have reported that ER stress
induces rat chondrocyte apoptosis and decreases the mRNA
expression of extracellular matrix proteins, including aggrecan
and type Il collagen in articular cartilage. In addition, ER stress
has been reported in chondrocytes in human osteoarthritis
cartilage (11,12). A recent study suggested the existence of an
endogenous autocrine/paracrine chondroprotective mecha-
nism against stimuli inducing chondrocyte apoptosis via the
intrinsic/mitochondrial pathway (13). However, it remains
unclear whether ER stress is involved in cartilage apoptosis
and OA pathogenesis. Therefore, the aim of the present study
was to determine whether ER stress is involved in chondrocyte
apoptosis and whether it is associated with the degree of carti-
lage degeneration in OA patients.

Tauroursodeoxycholic acid (TDA) is a hydrophilic bile
acid that is normally produced endogenously in humans
at extremely low levels. TDA is formed in the conjugation
pathway of ursodeoxycholic acid, which is commonly used as
a bile acid replacement therapy for the treatment of certain
cholestatic syndromes (14). Notably, recent studies have shown
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that TDA can inhibit ER stress in vitro and in vivo (15). In
addition, Chen et al (16) demonstrated that TDA regulates ER
function and reduces cell apoptosis by decreasing ER stress.

Therefore, we hypothesized that TDA may alleviate OA
by protecting chondrocytes and preventing apoptosis through
regulation of ER stress. Therefore, chondrocyte function was
assessed and the cartilage was observed under ER stress
conditions following treatment with tunicamycin. Of note,
the effects of TDA on tunicamycin-induced ER stress were
evaluated.

In the present study treatment with tunicamycin caused ER
stress. Significant changes were observed in cells: High expres-
sion of ER stress markers, reduced cell proliferation, increased
apoptosis and decreased synthesis of type II collagen. These
effects were alleviated by treatment with TDA. These findings
provide new insights on the mechanisms underlying ER stress
in cartilage degeneration and osteoarthritis development.
Additionally, the data provide a basis for new drug develop-
ment for the prevention and treatment of osteoarthritis.

Materials and methods

Study subjects. Patients were diagnosed according to the 1995
American Academy of Rheumatology established diagnostic
criteria for OA (17). Articular cartilage samples were collected
from 18 patients (9 males and 9 females) aged between 18 and
65 years, who were diagnosed for OA and underwent total
knee arthroplasty in the Department of Orthopaedic Surgery,
Peking University First Hospital (Beijing, China) between
January and September 2009. All the patients were informed
of the purpose of the experiment and provided signed consent.
All the procedures were approved by the Institute Review
Board and Human Subjects Committee of Peking University
First Hospital. The degree of cartilage degeneration was
graded using a modified Outerbridge system (18).

Specimen processing. The cartilages obtained from surgery
were rinsed with phosphate-buffered saline (PBS) and several
blocks of level -1, -II and -III tissue (Outerbridge system) were
cut aseptically in a frozen state. Three blocks were obtained
for each level with cross-sectional areas of ~60 mm?/piece,
and used for histological examination, tissue protein extraction
and RNA extraction. The remaining specimens were stored at
-70°C.

Histology. Cartilage blocks with subchondral bone were
obtained and immersed in decalcification solution composed
of neutral formalin and 10% ethylenediaminetetraacetic
acid (EDTA). The medium was changed weekly to soften the
subchondral bone. Subsequently, cartilages were embedded,
dewaxed and cut into 5-um sections. Terminal deoxynucleo-
tidyltransferase-mediated dUTP nick end labelling (TUNEL)
staining of the samples was carried out using the TUNEL
staining kit (Roche Diagnostics, Basel, Switzerland), according
to the manufacturer's instructions, to measure cartilage cell
apoptosis; apoptotic nuclei appeared brown. Analysis was
performed in a double-blinded manner through continuous
observation of 5-10 high power fields, where the cells below
the tide line were counted. The results are expressed as average
number of apoptotic cells/unit.
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Cell culture and treatments. The articular cartilages were
minced and digested at 37°C using 0.2% w/v collagenase 11
(Santa Cruz Biotechnology, Inc., Dallas, TX, USA) in
Dulbecco's modified Eagle's medium (DMEM) supplemented
with 10% fetal bovine serum (FBS). Chondrocytes were
collected after 12-16 h and cultured in DMEM supplemented
with 10% FBS, 50 mg/ml ascorbic acid, 100 U/ml penicillin
and 100 mg/ml streptomycin at 37°C in a 5% CO, incubator.
When cells were close to 100% confluency, they were passaged
following trypsinization (0.05% trypsin and 0.02% EDTA).
Subsequently, the cells were harvested following the
second passage and cultured in 6-well plates at a density of
0.6x106 cells/well. The chondrocytes were divided into three
groups: CON group, no treatment; ERS group treatment with
2 umol/l tunicamycin on day 4 after seeding; and TDA group,
treatment with 200 gzmol/l TDA 4 h after tunicamycin treat-
ment.

Cell proliferation assay. A CCK-8 Cell Proliferation assay kit
(Promega, Beijing, China) was used to determine viability of
the cells, according to the manufacturer's instructions. Briefly,
1x10* cells/well were seeded in 6-well plates and 20 ul of
CCK-8 solution was added into each well at each time-point
(days 1-9) followed by incubation at 37°C for 4 h. Finally, cell
viability was measured using a microplate reader (#M581789;
Westingarea, Shanghai, China).

Apoptosis assay. Apoptotic cells were quantified by
Annexin V-FITC and propidium iodide (PI) staining.
Detection of early apoptosis in chondrocytes was performed
using a kit from Nanjing KeyGen Biotech. Co., Ltd. (Nanjing,
China) according to the manufacturer's instructions. In brief,
chondrocytes (10° cells/ml) were harvested and centrifuged at
450 x g for 5 min at 4°C. The cells were washed twice with
PBS and the pellets were resuspended in 100 ul ice-cold
binding buffer. Subsequently, cells were incubated with 5 pul
Annexin V and 5 gl PI for 10 min at room temperature in the
dark. Following washing, cells were resuspended in 400 ul
binding buffer and analyzed on a FACScan flow cytometer
(BD Biosciences, San Jose, CA, USA). The negative control
was set for each sample, with the cells incubated with binding
buffer alone.

TUNEL staining. The apoptosis index of the chondrocytes was
assessed using a TUNEL staining kit (Maxim, Fujian, China)
according to the manufacturer's instructions. The samples
were examined under microscopy (Olympus CX31-12C04;
Olympus, Tokyo, Japan) and stained cells were counted in
6 random visual fields.

Western blot analysis. Cells collected by centrifugation and
the cartilage, which was ground to powder in liquid nitrogen,
were resuspended in radioimmunoprecipitation assay buffer
in the presence of the protease inhibitors. Following lysate
clarification, protein concentration was determined using
the bicinchoninic acid assay reagent kit (Pierce, Rockford,
IL, USA) with bovine serum albumin as the standard.
Subsequently, 30 ug of total protein was denatured at 95°C for
5 min in 2% SDS sample buffer in the presence of NuPage
reducing agent (Invitrogen, Carlsbad, CA, USA). Equivalent
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Figure 1. Cell apoptosis in the cartilages of patients with different osteoarthritis (OA) grades was examined by terminal deoxynucleotidyltransferase-mediated
dUTP nick end labelling (TUNEL) staining. Filled triangles show the normal cells stained blue by hematoxylin, and arrows indicate the apoptotic cells stained
yellow by TUNEL (magnification, x100). Normal cell nuclei were stained in blue by hematoxylin and showed a good shape. However, apoptotic chondrocytes
showed an uneven distribution in the articular cartilage, and mainly concentrated in the surface and shallow regions of the cartilage. Apoptotic nucleus showed
condensation, loss of the oval shape and an uneven chromatin distribution. I, IT and III indicate the different disease stages.

amounts of protein were resolved on 12% SDS-polyacrylamide
gels and electroblotted onto polyvinylidene difluoride (Pierce)
using the Invitrogen X cell electrophoresis and blotting system
(Invitrogen). Following blocking with 5% (w/v) non-fat milk in
wash buffer (Tris-buffered saline containing 0.1% Tween-20)
for 2 h, membranes were incubated with rabbit monoclonal
anti-glucose regulated protein 78 (GRP78) (sc-13968; 1:500),
rabbit monoclonal anti-caspase-12 (1:1,000), goat monoclonal
anti-growth arrest and DNA-damage-inducible gene 153
(GADDI153) (sc-575; 1:500), rabbit anti-collagen II (sc-7763;
1:1,000), and rabbit monoclonal anti-actin (sc-7210; 1:2,000)
(all from Santa Cruz Biotechnology, Inc.). Following four
washes, the membranes were incubated with horseradish
peroxidase-conjugated anti-rabbit or anti-goat secondary
antibodies at 1:5,000 dilution and immunoreactivity was visu-
alized using an ECL system (Pierce).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was prepared from chondrocytes
cultured in vitro or harvested from the cartilage using the
TRIzol Reagent (Invitrogen) according to the manufacturer's
instructions. To amplify 133-base pair (bp) GRP787, 182-bp
GADDI53,244-bp caspase-12, 286-bp collagen II and 200-bp
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) cDNA
fragments, PCR primers were synthesized by Genosys (The
Woodlands, TX, USA): GRP78 sense, 5'-TCC TAT GTC
GCC TTC ACT-3' and antisense, 5'-ACA GAC GGG TCA
TTC CAC-3'; GADDI53 sense, 5'-CTG ACC AGG GAA
GTA GAG G-3' and antisense, 5"TGC GTA TGT GGG ATT
GAG-3'; caspase-12 sense, 5'-AAT CTG TGG GAC CAA
GCA-3' and antisense, 5-GAG CCT TTG TAA CAG CAT
CA-3"); GAPDH sense, 5'-ACC CAG AAG ACT GTG GAC
TT-3'and antisense, 5'-TTC TAG ACG GCA GGT CAG GT-3';
and collagen II sense, 5'-CCA CAC TCA ATC CCT CAA C-3'
and antisense, 5'-GCT GCT CCA CCA GTT CTT C-3". The
samples were first denatured at 95°C for 30 sec, followed by
32 cycles of 95°C for 30 sec, 60°C for 30 sec and 72°C for
30 sec. The last cycle was followed by an additional incubation
for 7 min at 72°C. Analysis of amplicons was accomplished
on 1% agarose gel containing 0.2 ug/ul ethidium bromide and
amplicons were visualized under a UV trans-luminator. The
densitometric analysis of the PCR products was performed by
Bio-Rad Quantity One on GS-800 Imaging Densitometer (both

from Bio-Rad, Hercules, CA, USA) and all the values were
standardized against the GAPDH product. The cycle threshold
(CT) was defined as the cycle number at which the fluorescence
generated by cleavage of the probe exceeded a fixed threshold
above the baseline. Final values, which were expressed as
fold difference relative to the GAPDH gene (N), were calcu-
lated with the following formula: N = 2(C¢Teene/(C-THGAPDH
where C is the CT for GRP78, GAPDH in control samples; and
T is the CT for GRP78, GAPDH in treatment samples. All the
PCR reactions were performed using the LightCycler FastStart
DNA Master SYBR-Green I kit and the Cepheid SmartCycler
real-time PCR cycler (Cepheid Inc., Sunnyvale, CA, USA).
The cycling conditions were as follows: Initial denaturation at
95°C for 10 min; 40 cycles at 95°C for 15 sec, 60°C for 5 sec
and 72°C for 10 sec. Experiments were performed in triplicate
for each data point, and for all the experiments the controls
were included without templates.

Statistical analysis. The data are presented as mean + stan-
dard error for the number of experiments indicated. One-way
analysis of variance was used to determine significant
differences among groups. All the statistical analyses were
generated using the SPSS software 11.0 (SPSS Inc., Chicago,
IL, USA) and figures were plotted using the Origin 7.5 soft-
ware (OriginLab Corp., Northampton, MA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Apoptosis of chondrocytes in the cartilage of patients with OA
associated with the grade of OA. Normal cell nuclei stained
in blue by hematoxylin maintained a good shape (Fig. 1).
Apoptotic chondrocytes showed an uneven distribution in
articular cartilage and were mainly concentrated on the
surface and shallow regions. Apoptotic cell nuclei exhibited
condensation, loss of the oval shape and uneven chromatin
distribution. Notably, the number of apoptotic chondrocytes
was increased with the aggravation of cartilage degeneration:
The apoptosis rate of chondrocytes in cartilage specimens was
8.2, 14.1 and 23.7% in grades I, IT and III, respectively.

Type Il collagen (Col Il) expression and ER stress in cartilage
chondrocytes of patients with OA is associated with the OA
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Figure 2. (A) mRNA and (B) protein expression of type II collagen (Col II),
glucose-regulated protein 78 (GRP78), growth arrest and DNA-damage-
inducible gene 153 (GADDI153) and caspase-12 in cartilages from patients
with different osteoarthritis grades. "P<0.05 vs. I; and “P<0.05 vs. II.

grade. The mRNA levels of Col II were decreased by 47 and
51% in grades II (P<0.01) and IIT (P<0.01), respectively, as
compared to grade I. However, no significant difference was
observed between grades I and III, indicating the reduced
ability of chondrocytes to synthesize the extracellular
matrix. The GRP78 gene expression was increased by 8 and
12% in grades II (P<0.01) and III (P<0.01), respectively, as
compared to grade I. In the case of GADDI53, gene expres-
sion was increased by 104 and 210% in grades II (P<0.01)
and IIT (P<0.01), respectively, as compared to grade I. Finally,
caspase-12 gene expression was increased by 121 and 230% in
grades II (P<0.01) and III (P<0.01), respectively, as compared
to grade I (Fig. 2A).

As for gene expression, Col II protein levels were decreased
by 23 and 31% in grades II (P<0.01) and III (P<0.01), respec-
tively, as compared to grade I, and no significant difference
was obtained between grades II and III. The protein expression
of GRP78 was increased by 23 and 27% in grades II (P<0.01)
and III cartilage tissue (P<0.01), respectively, as compared
with grade 1. As for caspase-12, protein levels were increased
by 143 and 210% in grades II (P<0.01) and III (P<0.01), respec-
tively, as compared to grade 1. In the case of GADDI153, protein
expression was increased by 98 and 180% in grades II (P<0.01)
and III (P<0.01), respectively, as compared to grade I (Fig. 2B).

TDA treatment results in cell proliferation recovery and a
decrease in apoptosis. Cells that were adherent after 24 h
of culture began to form spindles and gradually became
polygonal, with large round nuclei and abundant cytoplasm
containing secretory granules. Cell processes began to resume
over one week and cells were surrounded by matrix-like
material deposition. Medium floating apoptotic cells were
infrequently observed. Considering that tunicamycin
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stimulated the growth of chondrocytes with a poor morphology,
more cells were collapsed with medium large apoptotic cells
floating. TDA-treated chondrocytes grew well and became
more angular and adherent with rich cytoplasm (Fig. 3A).
The number of medium floating apoptotic cells was signifi-
cantly reduced compared with the tunicamycin-treated group.
Tunicamycin induced ER stress in chondrocytes (Fig. 3B),
which resulted in a marked reduction in cell proliferation
(P<0.01). However, cell proliferation was significantly higher
in tunicamycin-treated cells following TDA treatment.

Following chondrocyte treatment, cells were stained with
Annexin V/PI and analyzed by flow cytometry. Apoptosis rates
were 9.2 and 46.7% in the CON and ERS groups, respectively.
However, the apoptosis rate decreased to 28.3% in the TDA
group (Fig. 3C).

Effect of tunicamycin and TDA treatment on type Il collagen
expression in chondrocytes. Type II collagen mRNA levels
were decreased by 82% (P<0.01) in the ERS group compared
to the CON group, and increased by 170% (P<0.01) in the TDA
group as compared to the ERS group (Fig. 4A).

Similarly, type Il collagen protein expression was decreased
by 84% (P<0.01) in the ERS group as compared to the CON
group. However, type I collagen protein levels were increased
by 245% (P<0.01) in the TDA group as compared to the ERS
group (Fig. 4B).

TDA inhibits ER stress induced by tunicamycin in chondro-
cytes. The gene expression levels of GRP78, GADDI53 and
caspase-12 were increased by 108, 112 and 113% (P<0.01),
respectively, in chondrocytes treated with tunicamycin
compared with the CON group (Fig. 5A). Of note, GRP7S,
GADDI53 and caspase-12 mRNA levels were decreased by
40, 44 and 34% (P<0.01), respectively, in the TDA group as
compared to chondrocytes treated with tunicamycin only.

Similarly, GRP78, GADDI153 and caspase-12 protein
expression was increased by 52, 71 and 54% (P<0.01),
respectively, in chondrocytes treated with tunicamycin associ-
ated with the CON group. Notably, GRP78, GADDI153 and
caspase-12 protein levels were decreased by 23.7, 36.3 and
30.1% (P<0.01), respectively, in the TDA group as compared
to the ERS group (Fig. 5B).

Discussion

In the present study, the presence of ER stress was demon-
strated in the cartilage of patients with osteoarthritis and a
positive correlation was confirmed between ER stress and
osteoarthritis severity. Osteoarthritis was mainly graded
using the Outerbridge system and was manifested by mRNA
and protein expression of ER stress markers, such as GRP78,
GADDI153 and caspase-12, indicating the involvement of ER
stress in the osteoarthritis pathological process.

The ER regulates protein synthesis, folding and transport,
and is involved in intracellular calcium homeostasis and a
variety of cell signaling pathways (19-21). Thus, changes in
intracellular calcium homeostasis results in accumulation
of unfolded or misfolded proteins in the ER, leading to ER
stress (7,8). GRP78 binds to unfolded proteins that aggregate
in the ER and activates downstream effectors, which suppress
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protein synthesis and express stress response proteins to restore
the ER protein processing capacity, the redox balance and
calcium homeostasis (19,22,23). Of note, as cartilage degen-
eration worsened, GRP78 expression increased gradually, as
shown, indicating that larger quantities of unfolded proteins

w
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Figure 5. Glucose-regulated protein 78 (GRP78), growth arrest and
DNA-damage-inducible gene 153 (GADDI153) and caspase-12 expression in
chondrocytes. (A) mRNA and (B) protein levels were determined in cells
collected from the control (CON), endoplasmic reticulum stress (ERS) and
tunicamycin (TDA) groups at day 7. “P<0.05 vs. CON group; and *P<0.05 vs.
ERS group.

could be bound in order to protect chondrocytes during the
stress. However, due to the persistence of external stimulation,
ER stress caused apoptosis. The present study found that ER
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apoptosis markers were highly expressed in level III cartilage,
including GADDI153 and activated caspase-12. These obser-
vations indicated that during ER stress, the chondrocytes
decreased the synthesis of extracellular matrix, decreasing the
cartilage thickness and increasing the fibrous tissue. With the
ER stress pathway activation, chondrocyte apoptosis gradually
increased, resulting in decreased cell number and the observed
irregularly arranged cartilage.

With the Outerbridge grade increase, it was also
demonstrated that osteoarthritis became more serious, with
TUNEL-positive cells appearing more frequently, an indica-
tion of increased apoptosis. In addition, reduced mRNA and
protein expression of type II collagen and the main matrix
proteins was shown in osteoarthritis-affected cartilages. These
findings indicated a significantly reduced condrocyte activity
and increased apoptosis during osteoarthritis development.
The association between condrocyte apoptosis and ER stress
is well documented (10,24,25). Notably, protein folding inhibi-
tion in the ER lumen by tunicamycin resulted in an ER stress
response as evidenced by increased GADDI153 protein and
gene expression, and PERK and elF2-a phosphorylation,
which resulted in apoptosis (26). Therefore, the present results
suggest that ER stress could lead to cartilage cell apoptosis by
affecting chondrocyte activity along with a gradual degenera-
tion of cartilage and osteoarthritis development.

As shown, treatment of chondrocytes with tunicamycin
resulted in ER stress, evidenced by the increased expression of
GRP78 at the gene and protein levels. As a result, cell function
was damaged, leading to reduced type II collagen synthesis
and increased expression of caspase-12 and GADDI153. Flow
cytometry data confirmed the increased apoptosis following
ER stress induction by tunicamycin. Of note, administration
of TDA to chondrocytes pretreated with tunicamycin caused
a relative decline in GRP78 expression, i.e. decreased ER
stress concomitantly with increased type II collagen levels and
decreased expression of apoptosis markers such as caspase-12
and GADDI153. Furthermore, flow cytometry data showed that
the tunicamycin-induced apoptosis was significantly decreased
following treatment with TDA. Therefore, we believe that
TDA reduces ER stress in chondrocytes, protects ER function
in protein synthesis and folding, and reduces apoptosis.

Multiple studies have demonstrated the modulatory role
of TDA on the ER function, in vitro and in vivo. TDA was
shown to attenuate tunicamycin-induced ER stress, autophagy
and cell death in cultured hepatocytes (27,28). In addition,
TDA protects rat pancreatic (3-cells (INS-1 cells) from palmi-
tate-induced injury, which may be due to the amelioration of
ER stress among others (29), demonstrating a potential appli-
cation in the treatment of type 2 diabetes (15). Chen et al (16)
proposed that ER stress has an important role in AGEs-induced
apoptosis, which was prevented by TDA following blocking
of an ER stress-mediated apoptotic pathway in chondrocytes.
Taken together, these findings demonstrate the important role
of ER stress in chondrocyte apoptosis.

In conclusion, ER stress and chondrocyte apoptosis are
involved in the development of osteoarthritis. However, there is
a possibility of chondrocyte apoptosis induction by mechanisms
other than ER stress. In addition, whether the two other apoptotic
pathways were induced was not investigated. The ER markers
GADDI153, caspase-12 and GRP78, which are independent and
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specific for ER stress, were detected. Therefore, the study partly
provides a mechanism underlying ER stress in cartilage degen-
eration and osteoarthritis development.
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