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Osteopontin can decrease the cartilage cellular  
inflammatory reaction induced by LPS
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Abstract: Objective: This study aims to explore the effect of osteopontin on the inflammatory reaction of cartilage 
cells stimulated by LPS and its possible signal pathway. Methods: The inflammatory reaction of cartilage cells was 
induced by LPS, and then the cells were treated with OPN and PD98059 respectively. The expression of TNF-α, IL-1β 
and ERK1/2 were detected by ELISA or Western-blotting methods. Results: Osteopontin could decrease the carti-
lage cellular inflammatory reaction induced by LPS with dose dependent, while PD98059 could reverse the inhibi-
tion of osteopontin. Conclusion: Osteopontin could decrease the cartilage cellular inflammatory reaction induced by 
LPS, which may be associated with the ERK1/2 signal pathway.
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Introduction

Cartilage covers the surfaces of synovial joints 
where it prevents direct bone to-bone contact, 
A variety of causes such as hereditary, develop-
mental, metabolic and mechanical deficits may 
initiate processes leading to loss of cartilage, 
when bone surfaces become less well protect-
ed by cartilage, bone may be exposed and dam-
aged. Osteoarthritis (OA), also known as degen-
erative arthritis or degenerative joint disease is 
the most common form of arthritis that affects 
the joints and surrounding tissues. The devel-
opment of OA involves distinct morphological 
changes, depending on the extent of degenera-
tion. Its symptoms include joint pain, tender-
ness, stiffness, locking and sometimes an effu-
sion [1-3].

OA is a global problem and it reduces quality of 
life because of no cure, which results in signifi-
cant economic impact. The treatment of OA 
generally involves a combination of exercise, 
lifestyle modification and analgesics. It is chal-
lenging since cartilage impedes the local and 
systemic delivery of therapeutic compounds. 
With the accelerated development of aging 

society, 9.6% of men and 18% of women over 
60 years old suffer from symptomatic OA. It is 
expected to be the fourth leading cause of dis-
ability by 2020 [4-7]. 

Osteopontin (OPN) is a glycosylated phospho-
protein, which exist in various body tissues. 
Studies have found that there was a positive 
correlation between OPN content and joint 
damage degree in the synovial fluid and carti-
lage of patients with primary total knee pros-
thesis [8], which indicated that OPN might be 
potential biomarker for OA patients. In this 
study, we explored whether OPN can inhibit the 
inflammatory reaction of cartilage cell, which 
aims to find a potential treatment target of OA, 
to find a new direction for the treatment of 
patients with OA.

Materials and methods

Cartilage cells cultured in vitro

Briefly, intervertebral disc tissue was taken 
from New Zealand rabbits and nucleus pulpo-
sus were separated from the tissue. The nucle-
us pulposus were digested in 0.25% type II col-
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lagenase solution (Sigma, USA) at 37°C for 20 
min. They were filtered with 70 μm of stainless 
steel wire mesh and the suspension was centri-
fuged for 8 min at 1 000 r/min. Cells were 
counted and 4×105 cells were cultured in 25 
cm2 flask at 37°C with 5% CO2. 

Detection of the effect of ERK1/2 signal 
pathway inhibitor PD98059 on the growth of 
Cartilage cells using MTT method

Briefly, the primary cartilage cells in good 
growth condition were seeded in 96-well plates 
at a density of 3×103 cells/well followed by 
incubation at 37°C with 5% CO2 in a humidified 
atmosphere. Each growth group contained 3 
wells of 6 groups. The medium was discarded 
and different concentrations (0 μM, 10 μM, 25 
μM, 50 μM, 100 μM and 200 μM) of PD98059 
(Sigma, USA) diluted with F12-DMEM (Gibco, 
USA) were added into the wells after incubation 
for 24 h. Then 20 μl MTT (5.0 mg/ml) were 
added to these wells after incubation for 24 h. 
After incubation for 4 h, the supernatant was 
discarded and 200 μl DMSO was added to 
these wells. The optical density (OD) was mea-
sured by NanoDrop ND-1000 spectrometer 
(Nanodrop Technologies, Wilmington, USA).

ELISA detection

The expression of TNF-α and IL-1β was detect-
ed according to the manual of TNF-α and IL-1β 
ELISA kits (BD, USA). Briefly, A total of 50 μl cell 
supernatant and 50 μl sample dilution were 
added into 96 well plate coated with specific 
antibody and incubation at 37°C for 2 h. The 
plates were washed 5 times, 100 μl substrate 

of enzyme reaction was added and incubation 
at 37°C for 2 h. Then plates were washed 5 
times and 100 μl chromogenic reaction liquid 
was added and incubation at 3°C for 30min, 
the termination liquid was added to terminate 
the reaction. The absorbance was detected 
using microplate reader at 450 nm wave- 
length.

Western-blotting 

Total proteins were extracted and analyzed with 
SDS-PAGE electrophoresis. Then it was electro-
transferred to the PVDF membrane (Millipore 
Co., Billerica, MA, USA). The membrane con-
taining the proteins was used for immunoblot-
ting with required antibodies. They were 
blocked with 5% non-fat milk in TBST (10 mM 
Tris-HCl (pH 8.0), 150 mM NaCl, and 0.1% 
Tween-20) for 2 h, then incubated with the pri-
mary antibodies: rabbit anti- ERK1/2 antibod-
ies (1:200), rabbit anti- p-ERK1/2 antibodies 
(1:200) and anti-GAPDH (1:5000) (CST, Beverly, 
MA, USA) at 4°C overnight. Then they were in- 
cubated with secondary antibodies conjugated 
with horseradish peroxidase at room tempera-
ture for 1 h. Antibody binding was detected 
using Odessey Infrared Imaging system.

Statistical analysis

Data are presented as Mean ± SD. The SPSS 
software package was used for the statistical 
tests. Comparisons of continuous variables 
among groups were performed by a one-way 
ANOVA and t-test was used to specify differ-
ences between two groups. P<0.05 was con-
sidered statistically significant. 

Results

Effect of PD98059 on the proliferation of 
cartilage cells

There was no significant difference between 
the groups indicated that PD98059 had no 
effect on the proliferation of cartilage cells 
(Figure 1, P>0.05). 

Effects of OPN on the inflammatory reaction of 
cartilage cells induced by LPS

The results of ELISA showed that the expres-
sion of TNF-α and IL-1β in culture supernatant 
of cartilage cells increased significantly when 

Figure 1. Effects of PD98059 with different concen-
trations on the proliferation of cartilage cells. 
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the cells were treated with 1 ng/ml LPS. They 
decreased significantly with a dose dependent 

when the cells were treated with different con-
centrations OPN (Figure 2).

Figure 2. Effects of OPN with different concentrations on the inflammatory reaction of cartilage cells induced by 
LPS. A. Effects of OPN with different concentrations on the expression of IL-1β in inflammatory reaction induced by 
LPS; B. Effects of OPN with different concentrations on the expression of TNF-α in inflammatory reaction induced by 
LPS. **P<0.01 vs. control; #P<0.05, ##P<0.01 vs. OPN (0 μΜ).

Figure 3. Effects of OPN with different concentrations on the expression of ERK1/2 in inflammatory reaction in-
duced by LPS. **P<0.01 vs. control; #P<0.05 vs. OPN (0 μΜ).
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Effects of OPN on the expression of ERK1/2 in 
inflammatory reaction induced by LPS

The results of Western-blotting showed that 
there was no effect on the expression of 
t-ERK1/2 while the expression of p-ERK1/2 
increased when the cartilage cells were treated 
with LPS. When the cells were treated with 100 
μM and 200 μM of OPN, the expression of 
t-ERK1/2 had no significant difference while 
the expression of p-ERK1/2 decreased signifi-
cantly (Figure 3). 

Effects of OPN and PD98059 on the expres-
sion of TNF-α and IL-1β in inflammatory reac-
tion induced by LPS

The results of ELISA showed that there was no 
inflammation reaction in cartilage cells when 
they were treated with PD98059, the expres-
sion of TNF-α and IL-1β in culture supernatant 
of cartilage cells increased significantly when 
the cells were treated with 1 ng/ml LPS. The 
expression of TNF-α and IL-1β decreased sig-
nificantly when the cells were treated with 200 
μM OPN. PD98059 can reverse the inhibition of 
OPN on cartilage cellular inflammation after 
inhibiting ERK1/2 signaling pathway (Figure 4).

Discussion

OA is a common disease articular cartilage 
degeneration, more and more patients suffer 

from this disease and it has become a problem 
of medical and social widespread concern. It is 
important for economic and social develop-
ment to study on the pathogenesis of osteoar-
thritis, look for the potential therapeutic tar-
gets, delay the onset of joint degeneration and 
improve the level of prevention and treatment.

The pathogenesis of OA is very complex; it is 
now generally thought that cytokines and 
inflammatory mediators play a key role in the 
occurrence and development of OA. The exces-
sive secretion of cytokines can promote the 
apoptosis of cartilage cells and synthesis of 
articular cartilage degenerate gradually [9-11]. 
Other factors such as aging, hormone disorder 
and mechanical damage also can promote the 
development of OA [12-14].

In this study, we observed the effects of OPN on 
cartilage cellular inflammation induced by LPS. 
We found that there was no significant effect of 
PD98059 with different concentrations on the 
proliferation of cartilage cells and PD98059 did 
not induce inflammatory reaction of cartilage 
cells. The expression of TNF-α, IL-1β and 
p-ERK1/2 increased significantly in cartilage 
cells induced by LPS. However, they decreased 
significantly with a dose dependent when the 
cells were treated with different concentrations 
OPN. It indicated that OPN may reduce the 
inflammatory reaction induced by LPS by regu-
lating the expression of p-ERK1/2. Inhibition of 

Figure 4. Effects of OPN and PD98059 with different concentrations on the expression of TNF-α and IL-1β in inflam-
matory reaction induced by LPS. A. Effects of OPN and PD98059 with different concentrations on the expression 
of IL-1β in inflammatory reaction induced by LPS; B. Effects of OPN and PD98059 with different concentrations on 
the expression of TNF-α in inflammatory reaction induced by LPS. PD98059 could reverse the inhibition of OPN, 
**P<0.01 vs. control; ##P<0.01 vs. LPS.
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OPN on cartilage cellular inflammation could be 
reversed when using PD98059 to inhibit 
ERK1/2 pathway. OPN may regulate inflamma-
tory reaction induced by LPS through regulating 
ERK1/2 signaling pathway. 

OPN is involved in many physiological and path-
ological processes such as wound healing, 
bone metabolism, tumorigenesis and inflam-
mation and immune response [15-17]. Attur et 
al found that OPN was highly expressed in the 
joint cartilage in patients with OA [18]. Other 
studies found that there was a positive correla-
tion between the OPN concentration in the 
synovial fluid and the degree of pain and articu-
lar cartilage injury of the tibial side in patients 
with the cartilage degenerative lesions [19]. 
The related animal experiments also proved 
that OPN played an important role in age or 
damage related OA. OPN can regulate the 
degeneration of articular cartilage through reg-
ulating the expression of MMP-13 and degrada-
tion of glycosaminoglycans [20]. These indicat-
ed that OPN might be potential biomarkers for 
OA patients. In clinical studies in patients with 
hypertension, Wolak et al found that N terminal 
of OPN was related to the formation of carotid 
atherosclerosis inflammatory plaque [21]. The 
activation of thrombin with OPN participation 
was related to knee osteoarthritis and other 
inflammatory diseases [22]. ERK1/2 signal 
pathway played an important role in the regula-
tion of cartilage specific gene expression [23]. 
Dai et al found that OPN induced endothelial 
cellular angiogenesis through the activation of 
ERK1/2 signal pathway [24]. Prasadam et al 
found that interaction between osteoblasts 
and articular cartilage cells in the cartilage of 
osteoarthritis patients affected the expression 
of specific thrombospondin of cartilage and 
bone and MMPs, which involving the MAPK-
ERK1/2 signaling pathway [25]. 

In a word, OPN could reduce the inflammatory 
reaction induced by LPS by ERK1/2 signaling 
pathway. Further study on whether OPN can 
inhibit inflammatory reaction and its mecha-
nism can provide new ideas for looking for new 
direction for the treatment of OA patients.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Fengsheng Li or Dr. 
Dongping Ye, Guangzhou Institute of Traumatic 

Surgery, Guangzhou Red Cross Hospital, Medical 
College, Jinan University, Guangzhou 510220, P. R. 
China. Tel: 86-20-34403830; E-mail: fengsheng-
li1@126.com (FSL); yedongpingy@sina.com (DPY)

References

[1]	 Buckwalter JA and Martin JA. Osteoarthritis. 
Adv Drug Deliv Rev 2006; 58: 150-167.

[2]	 Pauli C, Whiteside R, Heras FL, Nesic D, Koziol 
J, Grogan SP, Matyas J, Pritzker KP, D’Lima DD 
and Lotz MK. Comparison of cartilage histopa-
thology assessment systems on human knee 
joints at all stages of osteoarthritis develop-
ment. Osteoarthritis Cartilage 2012; 20: 476-
485.

[3]	 Nieminen HJ, Salmi A, Karppinen P, 
Haeggstrom E and Hacking SA. The Potential 
Utility of High-Intensity Ultrasound to Treat Os-
teoarthritis. Osteoarthritis Cartilage 2014; 22: 
1784-1799.

[4]	 Ackerman IN, Graves SE, Wicks IP, Bennell KL 
and Osborne RH. Severely compromised qual-
ity of life in women and those of lower socio-
economic status waiting for joint replacement 
surgery. Arthritis Rheum 2005; 53: 653-658.

[5]	 Kotlarz H, Gunnarsson CL, Fang H and Rizzo 
JA. Insurer and out-of-pocket costs of osteoar-
thritis in the US: evidence from national survey 
data. Arthritis Rheum 2009; 60: 3546-3553.

[6]	 Woolf AD and Pfleger B. Burden of major mus-
culoskeletal conditions. Bull World Health Or-
gan 2003; 81: 646-656.

[7]	 Centers for Disease C; Prevention. Prevalence 
of disabilities and associated health condi-
tions among adults--United States, 1999. 
MMWR Morb Mortal Wkly Rep 2001; 50: 120-
125.

[8]	 Gao SG, Cheng L, Zeng C, Wei LC, Zhang FJ, 
Tian J, Tu M, Luo W and Lei GH. Usefulness of 
specific OA biomarkers, thrombin-cleaved os-
teopontin, in the posterior cruciate ligament 
OA rabbit model. Osteoarthritis Cartilage 
2013; 21: 144-150.

[9]	 Abramson SB. Inflammation in osteoarthritis. J 
Rheumatol Suppl 2004; 70: 70-76.

[10]	 Bonnet CS and Walsh DA. Osteoarthritis, an-
giogenesis and inflammation. Rheumatology 
(Oxford) 2005; 44: 7-16.

[11]	 Benito MJ, Veale DJ, FitzGerald O, van den 
Berg WB and Bresnihan B. Synovial tissue in-
flammation in early and late osteoarthritis. Ann 
Rheum Dis 2005; 64: 1263-1267.

[12]	 Esser S and Bailey A. Effects of exercise and 
physical activity on knee osteoarthritis. Curr 
Pain Headache Rep 2011; 15: 423-430.

[13]	 Bae JY, Park KS, Seon JK, Kwak DS, Jeon I and 
Song EK. Biomechanical analysis of the ef-
fects of medial meniscectomy on degenerative 

mailto:fengshengli1@126.com
mailto:fengshengli1@126.com
mailto:yedongpingy@sina.com


Osteopontin and the cartilage cellular inflammatory reaction

3894	 Int J Clin Exp Med 2015;8(3):3889-3894

osteoarthritis. Med Biol Eng Comput 2012; 50: 
53-60.

[14]	 Anderson DD, Marsh JL and Brown TD. The 
pathomechanical etiology of post-traumatic 
osteoarthritis following intraarticular fractures. 
Iowa Orthop J 2011; 31: 1-20.

[15]	 Heilmann K, Hoffmann U, Witte E, Loddenkem-
per C, Sina C, Schreiber S, Hayford C, Hol-
zlohner P, Wolk K, Tchatchou E, Moos V, Zeitz 
M, Sabat R, Gunthert U and Wittig BM. Osteo-
pontin as two-sided mediator of intestinal in-
flammation. J Cell Mol Med 2009; 13: 1162-
1174.

[16]	 Wolak T, Kim H, Ren Y, Kim J, Vaziri ND and 
Nicholas SB. Osteopontin modulates angioten-
sin II-induced inflammation, oxidative stress, 
and fibrosis of the kidney. Kidney Int 2009; 76: 
32-43.

[17]	 Zhivkova-Galunska M, Adwan H, Eyol E, Kleeff 
J, Kolb A, Bergmann F and Berger MR. Osteo-
pontin but not osteonectin favors the meta-
static growth of pancreatic cancer cell lines. 
Cancer Biol Ther 2010; 10: 54-64.

[18]	 Attur MG, Dave MN, Stuchin S, Kowalski AJ, 
Steiner G, Abramson SB, Denhardt DT and 
Amin AR. Osteopontin: an intrinsic inhibitor of 
inflammation in cartilage. Arthritis Rheum 
2001; 44: 578-584.

[19]	 Yamaga M, Tsuji K, Miyatake K, Yamada J, Abu-
la K, Ju YJ, Sekiya I and Muneta T. Osteopontin 
level in synovial fluid is associated with the se-
verity of joint pain and cartilage degradation 
after anterior cruciate ligament rupture. PLoS 
One 2012; 7: e49014.

[20]	 Matsui Y, Iwasaki N, Kon S, Takahashi D, 
Morimoto J, Matsui Y, Denhardt DT, Rittling S, 
Minami A and Uede T. Accelerated develop-
ment of aging-associated and instability-in-
duced osteoarthritis in osteopontin-deficient 
mice. Arthritis Rheum 2009; 60: 2362-2371.

[21]	 Wolak T, Sion-Vardi N, Novack V, Greenberg G, 
Szendro G, Tarnovscki T, Nov O, Shelef I, Paran 
E and Rudich A. N-terminal rather than full-
length osteopontin or its C-terminal fragment 
is associated with carotid-plaque inflammation 
in hypertensive patients. Am J Hypertens 
2013; 26: 326-333.

[22]	 Hasegawa M, Segawa T, Maeda M, Yoshida T 
and Sudo A. Thrombin-cleaved osteopontin lev-
els in synovial fluid correlate with disease se-
verity of knee osteoarthritis. J Rheumatol 
2011; 38: 129-134.

[23]	 Lee WK, Chung KW, Kim GH and Kim SJ. Gal-
lotannin causes differentiation and inflamma-
tion via ERK1/2 and p38 kinase pathways in 
rabbit articular chondrocytes. Mol Med Rep 
2013; 7: 701-707.

[24]	 Dai J, Peng L, Fan K, Wang H, Wei R, Ji G, Cai J, 
Lu B, Li B, Zhang D, Kang Y, Tan M, Qian W and 
Guo Y. Osteopontin induces angiogenesis 
through activation of PI3K/AKT and ERK1/2 in 
endothelial cells. Oncogene 2009; 28: 3412-
3422.

[25]	 Prasadam I, Crawford R and Xiao Y. Aggrava-
tion of ADAMTS and matrix metalloproteinase 
production and role of ERK1/2 pathway in the 
interaction of osteoarthritic subchondral bone 
osteoblasts and articular cartilage chondro-
cytes - possible pathogenic role in osteoarthri-
tis. J Rheumatol 2012; 39: 621-634.


