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Abstract. Oncostatin  M (OSM) contributes to cartilage 
degeneration in osteoarthritis (OA) and was demonstrated to be 
expressed in OA osteoblasts. Endothelin‑1 (ET‑1) is implicated 
in the degradation of OA articular cartilage, and osteoblast 
proliferation and bone development. In the present study, the 
effects of ET‑1 on OSM expression in human OA osteoblasts 
were investigated, to the best of our knowledge, for the first 
time. Primary human OA osteoblasts were treated with ET‑1 
(1, 5, 10, 20 and 30 nM) for 0.5, 1, 2, 3 and 4 h with or without 
the selective ETA receptor (ETAR) antagonist, BQ123, 
ETB receptor antagonist, BQ788 or the phosphatidylinositol 
3‑kinase (PI3K) inhibitor, BKM120. ET‑1 treatment induced 
OSM mRNA expression, and the intracellular and secreted 
protein levels of OA osteoblasts in a dose‑dependent manner. 
This effect was suppressed by BQ123 and BKM120, but not 
BQ788 administration. In combination with electrophoretic 
mobility shift assays, deletional and mutational analyses 
on the activity of a human OSM promoter/luciferase 
reporter demonstrated that ET‑1 induced OSM expression in 
OA osteoblasts by trans‑activating the OSM gene promoter 
through specific binding of Ets‑1 to an Ets‑1 binding site in 
the OSM promoter in an ETAR‑ and PI3K‑dependent manner. 
Furthermore, ET‑1 treatment increased the expression of 
Ets‑1 in a dose‑dependent manner, however the knockdown 
of Ets‑1 suppressed the ET1‑induced expression of OSM in 
OA osteoblasts. In conclusion, the present study demonstrated 
that ET‑1 induces the expression of OSM in OA osteoblasts 
by trans‑activating the OSM gene promoter primarily through 
increasing the expression level of Ets‑1 in an ETAR‑ and 

PI3K‑dependent manner. The current study suggested novel 
insights into the mechanistic role of ET‑1 in the pathophysiology 
of OA.

Introduction

Osteoarthritis (OA) is the most common age‑associated 
degenerative joint disorder, and is a leading cause of pain and 
disability among older adults worldwide (1). A key process in 
OA is loss of the articular cartilage (1).

Oncostatin M (OSM) is a cytokine of the interleukin‑6 (IL‑6) 
family that is present at elevated levels in the synovial fluid of 
OA patients (2), and results in the secretion of pro‑inflammatory 
cytokines, such as tumor necrosis factor‑α, IL‑1β and IL‑6, 
from osteoblasts and synovial cells that degrade the cartilage 
in arthritic joints (2). Previous studies demonstrated that OSM 
is associated with bone erosion, synovial inflammation and 
fibrosis, and cartilage degeneration (2‑4).

Endothelin‑1 (ET‑1) is a potent vasoconstrictor that 
originates from vascular endothelial cells, and functions 
primarily through the activation of the ETA and ETB 
receptors (ETAR and ETBR, respectively)  (5). Previous 
studies demonstrated that ET‑1 has a role in the regulation of 
bone metabolism, stimulating the formation of new bone via 
osteoblastic proliferation (6,7). Previous studies demonstrated 
that ET‑1 is involved in the degradation of osteoarthritic 
articular cartilage (5,8), suggesting that ET‑1 signaling may 
contribute to the destruction of the bone‑cartilage unit in the 
pathophysiology of OA (5).

A previous study indicated that osteoblasts participate 
in the inflammation process in OA  (9), and OSM was 
demonstrated to be expressed in osteoblasts isolated from the 
femurs of OA patients (9,10). In the present study, the effect of 
ET‑1 on the expression level of OSM in human OA osteoblasts 
was investigated, to the best of our knowledge, for the first 
time. Identification of this effect may contribute to elucidating 
the mechanistic role of ET‑1 in the pathophysiology of OA.

Materials and methods

Reagents. Recombinant human ET‑1, selective ETAR antagonist, 
BQ123, and selective ETBR antagonist, BQ788 were purchased 
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from Sigma‑Aldrich (St. Louis, MO, USA). The human OSM 
promoter/luciferase reporter and LightSwitch Luciferase 
Assay kit were purchased from SwitchGear Genomics 
(Shanghai, China). Mutant Osx promoter/luciferase reporter 
constructs were generated by polymerase chain reaction 
(PCR) and confirmed by sequencing. Life Technologies 
Lipofectamine 2000 transfection reagent, TRIzol reagent 
and SuperScript II reverse transcriptase were purchased from 
Thermo Fisher Scientific, Inc. (Waltham, MA, USA). Ets‑1 
(cat. no. sc‑29309‑V) and control (cat. no. sc‑108080) shRNA 
lentiviral particles, selective phosphatidylinositol 3‑kinase 
(PI3K) inhibitor, BKM120 (cat.  no.  sc‑364437A), mouse 
monoclonal anti‑OSM (E‑4; cat.  no.  sc‑365136), rabbit 
polyclonal anti‑Ets1 (C‑20; cat.  no.  sc‑350) and mouse 
monoclonal anti‑GAPDH (6C5; cat. no. sc‑32233) antibodies 
were purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA). The OSM human ELISA kit (cat. no. ab100619) 
was purchased from Abcam (Shanghai, China). Putative 
transcription factor binding sites in the human OSM gene 
promoter sequence were identified using the online software, 
PROMO (http://alggen.lsi.upc.es) (11,12).

Cell culture and treatment. Primary human OA osteoblasts 
and growth medium kit (cat.  no.  406OAK‑05a) were 
purchased from Cell Applications Inc. (San Diego, CA, 
USA). Cells were treated with 1, 5, 10, 20 or 30 nM ET‑1 for 
0.5, 1, 2, 3 or 4 h in the presence or absence of BQ123 (1 µM), 
BQ788 (1 µM) or BKM120 (10 µM). Cells were subjected 
to further analysis at 26‑29.5 h after the treatment, making 
the total experimental time 30 h. The medium remained 
unchanged. 

Reverse transcription (RT)‑quantitative (q) PCR. RNA was 
prepared from cells using the TRIzol reagent, and cDNAs 
were synthesized using SuperScript II reverse transcriptase. 
RT‑qPCR was performed on an ABI PRISM 7700 Sequence 
Detection System, with fluorescent dye from the SYBR 
Green Master Mix (both Applied Biosystems; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
PCR amplification condition were as follows: 20 sec at 95˚C 
followed by 40 cycles of 3 sec at 95˚C and 30 sec at 60˚C. The 
primers used in the current study were as follows: Forward, 
5'‑AGA​GTA​CCG​CGT​GCT​CCTT‑3' and reverse, 5'‑AGC​
TTG​CGC​TGA​AAA​GCAT‑3' for OSM; forward, 5'‑GGG​
TGA​CGA​CTT​CTT​GTTTG‑3' and reverse, 5'‑GTT​AAT​
GGA​GTC​AAC​CCAGC‑3' for Ets‑1; forward, 5'‑GAC​TCA​
TGA​CCA​CAG​TCC​ATGC‑3' and reverse, 5'‑AGA​GGC​AGG​
GAT​GAT​GTT​CTG‑3' for GAPDH. Relative quantification of 
the mRNA level was determined using the 2ΔΔCq method (13), 
which normalizes the expression levels of OSM or Ets‑1 
against that of GAPDH in the same samples. The mRNA 
level of treated cells was demonstrated as the fold changes 
to that of untreated control cells (designated as 1). Each 
experiment was repeated three times in duplicate.

ELISA and western blot analyses. The secreted OSM levels 
in cell culture supernatants were determined using an ELISA 
kit according to the manufacturer's instructions, normalized 
against cell number (per 105 cells), and demonstrated as the 
fold changes to that of the untreated control cells (designated 

as  1). Each ELISA experiment was repeated three times 
in duplicate. For western blot analysis, human osteoblasts 
were lysed by three rounds of 3‑sec sonication on ice, with 
a hypotonic buffer, containing 2% Nonidet‑P and a protease 
inhibitor cocktail (Sigma‑Aldrich). The supernatant obtained 
following centrifugation at 2,000 x g for 15 min at 4˚C was used 
to determine the protein concentration with the Coomassie 
Blue staining (Thermo Fisher Scientific, Inc.). Equal quantities 
of proteins were separated by 10% SDS‑polyacrylamide gel 
(Thermo Fisher Scientific, Inc.) at 100 V for 2 h and blotted 
onto a polyvinylidene difluoride microporous membrane 
(EMD Millipore, Billerica, MA, USA). Membranes were 
incubated for 1 h with a 1:1,000 dilution of the primary 
antibodies, washed thrice for 5 min and incubated for 1 h 
at room temperature with 1:5,000 dilution of secondary 
antibodies, including bovine anti‑rabbit immunoglobulin G 
(IgG)‑horseradish peroxidase (HRP; cat.  no.  sc‑2370) or 
bovine anti‑mouse IgG‑HRP (cat. no. sc‑2371; both Santa 
Cruz Biotechnology, Inc.). Peroxidase activity was revealed 
using an ECL kit (GE Healthcare Life Sciences, Shanghai, 
China). Three independent experiments were performed.

Transient transfection and luciferase assay. Cells were 
transfected with human OSM promoter/luciferase reporter 
plasmids using Lipofectamine 2000 transfection reagent. 
The luciferase assays were performed 30 h after transfection 
using the LightSwitch Luciferase Assay kit according to 
the manufacturer's instructions. The pRL‑CMV plasmid 
(Promega Corporation, Madison, WI, USA) encoding 
Renilla  reniformis luciferase (at one‑fifth molar ratio to 
test plasmids) was co‑transfected with test plasmids in each 
transfection as an internal control for data normalization. 
Each experiment was repeated three times in duplicate.

Electrophoretic mobility shif t assay (EMSA). Nuclear 
extracts were prepared as previously described  (14). 
EMSA was performed with 32P‑labeled double‑stranded 
oligonucleotides that were incubated with nuclear extract 
in EMSA buffer [10 mM Tris (pH 7.5), 5% glycerol, 1 mM 
EDTA (pH 7.1), 50 mM NaCl, 1 mM DTT, 1 mM EDTA 
and 0.1  mg/ml poly(dI‑dC); Sigma‑Aldrich]. For the 
oligonucleotide competition analysis, a 100‑fold molar 
excess of unlabeled competitor oligonucleotide was added to 
the mixture and incubated at room temperature for 30 min. 
For the antibody supershift assays, monoclonal Ets‑1 
antibody (1 µl) was added to the mixture. The reaction was 
then incubated on ice for 1 h. Protein‑DNA complexes and 
free DNA were fractionated on 5% polyacrylamide gels in 
1X Tris‑glycine EDTA buffer (both Sigma‑Aldrich) at 4˚C 
and were visualized with a Cyclone Plus Phosphor Imager 
(C431200; Perkin Elmer, Inc., Waltham, MA, USA).

Lentiviral transduction. The Ets‑1 shRNA lentiviral particles 
contained expression constructs encoding target‑specific 
19‑25  nt (plus hairpin) shRNA designed to specifically 
knockdown the Ets‑1 gene expression. The control shRNA 
lentiviral particles contained a scrambled shRNA sequence 
that would not lead to degradation of any cellular mRNA, and 
served as a negative control for the Ets‑1 shRNA lentiviral 
particles. Lentiviral transduction was performed in the cells 
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24 h prior to western blotting and EMSAs, according to the 
manufacturer's protocol.

Statistical analysis. Statistical analyses were performed 
with SPSS software for Windows, version  19.0 (IBM 
SPSS, Armonk, NY, USA). Data are expressed as the 
mean ± standard deviation. Comparisons of means among 
multiple groups were performed with one‑way analysis of 
variance, followed by post‑hoc pairwise comparisons using 
Tukey's test. Tests were two‑tailed and P<0.05 was considered 
to indicate a statistically significant difference.

Results

ET‑1 elevates the secreted OSM level of OA osteoblasts by 
inducing OSM mRNA expression levels. To investigate the 
potential effect of ET‑1 on OSM expression in OA osteoblasts, 
primary human OA  osteoblasts were treated with ET‑1 
(1, 5, 10, 20 or 30 nM) for 0.5, 1, 2, 3 and 4 h. The OSM 
mRNA and secreted protein levels were determined 26‑29.5 h 
subsequent to treatment, making the total experimental time 

Table I. Oncostatin M mRNA levels in human OA osteoblasts treated with ET‑1 and ET receptor antagonists.

	 Time (h)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
ET‑1 (nM)	 0.5	 1	 2	 3	 4

  1	 1.02±0.03	 1.03±0.04	 1.05±0.05	 1.07±0.05	 1.08±0.07
  5	 1.07±0.05	 1.20±0.07a,d	 1.59±0.1a,d,e	 2.13±0.14a,d‑f	 2.42±0.17a,d‑f

10	 1.15±0.06a	 1.59±0.11a,b,d	 2.36±0.15a,b,d,e	 2.94±0.19a,b,d‑f	 3.33±0.21a,b,d‑f

20	 1.34±0.08a,b	 2.41±0.15a‑d	 3.20±0.20a‑e	 3.71±0.23a‑f	 3.88±0.21a‑f

30	 1.51±0.12a‑c	 2.67±0.18a‑d	 3.26±0.21a‑e	 3.78±0.22a‑f	 3.90±0.20a‑f

30 + BQ123 (1 µM)	 0.95±0.05	 0.97±0.06	 1.02±0.09	 1.04±0.1	 1.05±0.12
30 + BQ788 (1 µM)	 1.45±0.12	 2.56±0.19a‑d	 3.21±0.23a‑e	 3.75±0.25a‑f	 3.89±0.28a‑f

30 + BKM120 (10 µM)	 1.06±0.1	 1.09±0.12	 1.14±0.13	 1.17±0.15	 1.19±0.16

OSM mRNA level in ET‑1‑treated human OA osteoblasts demonstrated as fold changes to that of the untreated control cells (designated 
as 1). P<0.05 vs.  : aET‑1 (1 nM); bET‑1 (5 nM); cET‑1 (10 nM); d0.5‑h ET‑1 treatment (1, 5, 10, 20 or 30 nM); e1‑h ET‑1 treatment (1, 5, 
10, 20 or 30 nM); f2‑h ET‑1 treatment (1, 5, 10, 20 or 30 nM). OA, osteoarthritis; ET‑1, endothelin‑1; BQ123, endothelin receptor type A 
antagonist; BQ788, endothelin receptor type B antagonist; BKM120, phosphatidylinositol 3‑kinase inhibitor.
 

Figure 1. Secreted OSM levels of human OA  osteoblasts treated with 
ET‑1 in the presence and absence of ET receptor antagonists (BQ123, 
BQ788 and BKM120). OSM levels are demonstrated as the fold change of 
that of untreated control cells (designated as 1). ET‑1, endothelin‑1; OSM, 
oncostatin  M; OA, osteoarthritis; BQ123, endothelin  receptor  type  A 
antagonist; BQ788, endothelin  receptor  type  B antagonist; BKM120, 
phosphatidylinositol 3‑kinase inhibitor.

Figure 2. OSM protein levels in human OA osteoblasts treated with ET‑1 in 
the presence and absence of ET receptor antagonists. Data were normalized 
to GAPDH and are expressed as fold changes to that of untreated control 
cells (designated as 1). Lanes were loaded in the order demonstrated on 
the graph. aP<0.05 vs.  the untreated control group; bP<0.05 vs.  the ET‑1 
(1 nM) group; cP<0.05 vs.  the ET‑1 (5 nM) group; dP<0.05 vs.  the ET‑1 
(10 nM) group; eP<0.05 vs. the ET‑1 (20 nM) group; fP<0.05 vs. the ET‑1 
(30 nM) group; gP<0.05 vs. the ET‑1 (30 nM)+BQ123 (1 µM) group; and 
hP<0.05 vs. the ET‑1 (30 nM)+BQ788 (1 µM) group. OSM, oncostatin M; 
ET‑1, endothelin‑1; OA, osteoarthritis; BQ123, endothelin receptor type A 
antagonist; BQ788, endothelin  receptor  type  B antagonist; BKM120, 
phosphatidylinositol 3‑kinase inhibitor.
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30 h. As demonstrated in Table I, 1‑20 nM ET‑1 treatment 
significantly increased the OSM mRNA levels within 3 h 
in a dose‑ and time‑dependent manner, and this effect 
was suppressed by the ETAR antagonist, BQ123 and PI3K 
inhibitor, BKM120, however not the ETBR antagonist, 
BQ788. ELISA assays demonstrated that the data trend for 
the secreted OSM level of the cell culture supernatants was 
similar to that of the OSM mRNA expression level (Fig. 1).

As demonstrated in Fig. 2, western blot analysis verified 
that intracellular protein levels of OSM in OA osteoblasts 
treated with ET‑1 (1, 5, 10, 20  or  30  nM) for 4  h were 
consistent with the corresponding OSM mRNA levels 

(Table  I) and secreted protein levels (Fig. 1). The results 
suggested that ET‑1 may elevate the secreted OSM levels of 
OA osteoblasts by inducing OSM mRNA expression in an 
ETAR‑ and PI3K‑dependent manner.

Figure 3. OSM gene promoter activities in human OA osteoblasts treated 
with ET‑1 in the presence and absence of ET receptor antagonists (BQ123, 
BQ788 and BKM120). (A)  A 1,064‑bp human OSM gene promoter 
sequence. The ATG translation start codon is marked as +1, and an Ets‑1 
binding site at ‑494/‑488 and the start sites of 5'‑end deletion constructs 
of the OSM promoter/luciferase reporter (pOSM1064) are underlined 
in bold. (B) pOSM1064 was used to assess the basic luciferase activity 
control. The constructs were transfected into human OA  osteoblasts, 
and treated with 30 nM ET‑1 and BQ123 (1  µM), BQ788 (1  µM) and 
BKM120 (10 µM) for 4 h. Luciferase activity was measured 26 h later 
and expressed as the fold change of that of pOSM1064 in the untreated 
cells (designated as 1). *P<0.05 vs. the untreated group. ET‑1, endothelin‑1; 
OSM, oncostatin M; OA, osteoarthritis; BQ123, endothelin receptor type A 
antagonist; BQ788, endothelin  receptor  type  B antagonist; BKM120, 
phosphatidylinositol 3‑kinase inhibitor; basic, luciferase reporter without the 
inserted promoter sequence.

Figure 4. Deletional analysis of the human OSM gene promoter activity in 
ET‑1‑treated OA osteoblasts. The cells were untreated or treated with 30 nM 
ET‑1 for 4 h. (A) Schematic representation of the human OSM gene promoter 
regions that were included in a series of 5'‑end deletion constructs of the 
human OSM promoter/luciferase reporter. Each construct was designated by 
the relative position of the 5'‑end nucleotide of the inserted OSM promoter 
region, with the ATG translation start codon marked as +1. (B) 5'‑end deletion 
constructs pOSM1064, ‑664, ‑464, ‑264 and (C) pOSM664, ‑614, ‑564, 
‑514 and Basic were transfected into human OA osteoblasts. The luciferase 
activity assays were performed 26 h later and results are expressed as the 
fold change of that of pOSM1064 in the untreated cells (designated as 1). 
*P<0.05 vs. the untreated groups. ET‑1, endothelin‑1; OSM, oncostatin M; 
OA, osteoarthritis; basic, luciferase reporter without the inserted promoter 
sequence.

  A

  B
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ET‑1 trans‑activates the OSM gene promoter by increasing the 
specificity of Ets‑1 binding to the promoter in OA osteoblasts. 
To examine whether ET‑1 induced OSM mRNA expression 
by trans‑activating the OSM gene promoter, the human OSM 
gene promoter activities were investigated using a commercial 
human OSM promoter/luciferase reporter, which contained 
1,064  bp of 5'‑untranslated region directly upstream of 
the OSM gene translation start codon (Fig. 3A). This gene 
promoter sequence was inserted in frame with the luciferase 
cDNA and termed pOSM1064. The luciferase reporter without 
the inserted promoter sequence served as a basic luciferase 
activity control. Luciferase assays demonstrated that compared 
with the basic control, the OSM promoter was constitutively 
active in OA osteoblasts. ET‑1 treatment markedly increased 
the OSM promoter activity, which was suppressed by BQ123 
and BKM120, but not BQ788 (Fig. 3B). The results indicate 
that ET‑1 trans‑activates the OSM promoter in OA osteoblasts 
in an ETAR‑ and PI3K‑dependent manner.

To identify the potential ET1‑responsive cis‑DNA 
element in the OSM promoter, a deletional analysis of the 
OSM promoter activity was conducted. As demonstrated in 
Fig. 4A, a series of 5'‑end deletion constructs of the human 
OSM promoter/luciferase reporter were established. As 
demonstrated in Fig. 4B, the luciferase assays suggested that 
the OSM promoter region between ‑664 and ‑464 bp contained 
potential ET1‑responsive cis‑DNA elements. Further luciferase 
assays suggested that the cis‑DNA element was between ‑514 
and ‑464 bp in the OSM promoter (Fig. 4C). In addition, 
a mutational analysis of the OSM promoter activity was 
performed. A series of mutant OSM promoter reporters were 
generated by introducing mutations into the OSM promoter 
region between ‑514 and ‑464 bp in pOSM1064 with an EcoRI 
linker (GAATTC) at 6‑bp intervals. As demonstrated in Fig. 5, 
mutations in the promoter region between ‑496 and ‑485 bp 
suppressed the trans‑activating effect of ET‑1 on the OSM 
promoter. Analysis of this region with the online software, 
PROMO  (11,12) revealed a consensus Ets‑1 binding site 
between ‑494 and ‑488 bp (Fig. 6A).

EMSAs were conducted to examine whether Ets‑1 
specifically binds to the ‑494/‑488 putative Ets‑1 binding site. 

Oligonucleotide WT504/475 corresponding to the human OSM 
promoter sequence between ‑504 and ‑475 bp was radiolabeled 
and used as the probe to incubate with OA osteoblast cell 

Figure 5. Mutational analysis of the human OSM gene promoter activity in ET‑1‑treated OA osteoblasts (30 nM ET‑1; 4 h). The human OSM gene promoter 
region from ‑514 to ‑464 in pOSM1064 was mutated with the EcoRI linker, GAATTC and the linker scan mutant constructs were transfected into human 
OA osteoblasts. The luciferase activity assay was performed 26 h later and results are expressed as the fold change of that of pOSM1064 in the untreated cells 
(designated as 1). *P<0.05 vs. the untreated groups. ET‑1, endothelin‑1; OSM, oncostatin M; OA, osteoarthritis.

Figure 6. Specific protein‑binding activity at the putative Ets‑1 binding site in 
the human OSM gene promoter. (A) Oligonucleotide WT504/475 contained 
the human OSM gene promoter sequence from ‑504 to ‑475 encompassing the 
‑494/‑488 putative Ets‑1 binding site (underlined in bold). Oligonucleotides 
Mut496/491 and Mut490/485 contained the same sequence as WT504/475 
except for the EcoRI linker (GAATTC) mutations at ‑496/‑491 and ‑490/‑485 
(underlined in bold), respectively. (B) Electrophoretic mobility shift assays 
were performed using WT504/475 as the radiolabeled probe in the presence 
of equal quantities of nuclear extract from human OA osteoblasts. Lane 1, 
radiolabeled probe only; lanes 2‑3, control reaction; lane 4, 100‑fold molar 
excess of unlabeled oligonucleotide WT504/475 as a competitor; lane 5, 
mixture of 100‑fold molar excess of each of unlabeled oligonucleotides, 
Mut496/491 and Mut490/485 as competitors; lane 6, control serum; lane 7, 
anti‑Ets‑1 antibody; lane  8, cells transduced with lentiviral scramble 
control shRNA; lane  9, cells transduced with lentiviral Ets‑1 shRNA. 
Major protein‑DNA and supershifted complexes are indicated by arrows. 
ET‑1, endothelin‑1; shRNA, small hairpin RNA; OSM, oncostatin M; OA, 
osteoarthritis; WT, wild‑type; Mut, mutant.

  A

  B
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nuclear extract in the EMSAs (Fig. 6A). Unlabeled WT504/475, 
and Mut496/491 and Mut490/485, two oligonucleotides with 
the same sequence as WT504/475 except for the EcoRI linker 
(GAATTC) mutations at ‑496/‑491 and ‑490/‑485, respectively, 
served as competitors to the probe (Fig. 6A). As demonstrated 
in Fig. 6B, nuclear extract from ET‑1‑treated cells indicated a 
markedly stronger binding activity with the probe compared 
with that of the untreated control cells. A 100‑fold molar excess 
of unlabeled WT504/475 (but not the mixture of 100‑fold molar 
excess of each of Mut496/491 and Mut490/485) suppressed the 
binding activity (Fig. 6B), suggesting specific protein binding 
at the ‑494/‑488 putative Ets‑1 binding site. Furthermore, the 
control serum exerted no effect, whereas the anti‑Ets1 antibody 
supershifted the major protein‑DNA complex to a higher 
position (Fig. 6B). The results indicate that ET‑1 may markedly 

increase specific binding of Ets‑1 to the ‑494/‑488 region in the 
OSM promoter in OA osteoblasts. In addition, the Ets1‑DNA 
complex was abolished by Ets‑1 shRNA, and not the scramble 
control shRNA, further confirming the specificity of the 
Ets1‑DNA complex.

Ets‑1 mediates the inducing effect of ET‑1 on OSM expression 
in OA osteoblasts. To determine the functional role of Ets‑1 
in the ET1‑induced expression of OSM, the activity of Ets‑1 
in OA osteoblasts was knocked down with lentiviral shRNA. 
As demonstrated in Fig. 7A, the protein levels of Ets‑1 were 
markedly increased by ET‑1, compared with the Ets‑1‑shRNA 
group. However, transduction of Ets‑1‑shRNA significantly 
decreased the Ets‑1 protein level by ~80%, in the presence and 

Figure 7. Effect of Ets‑1 knockdown on the expression of OSM in 
ET‑1‑treated OA osteoblasts. Western blot analysis of (A) Ets‑1 and (B) OSM 
protein expression levels following treatment. Ets‑1 and OSM expression 
levels were normalized to that of GAPDH and expressed as the fold change 
of untreated SC (designated as 1). Cells were transduced with: Lane 1, SC; 
Lane 2, Ets1‑shRNA; Lane 3, SC and treatment with ET‑1 (30 nM) for 4 h; 
Lane 4, Ets1‑shRNA and treatment with ET‑1 (30 nM) for 4 h. *P<0.05 vs. the 
untreated groups. ET‑1, endothelin‑1; OSM, oncostatin M; OA, osteoarthritis; 
SC, scramble control shRNA; shRNA, small hairpin RNA.

Figure 8. Ets‑1 mRNA and protein expression levels in human OA osteoblasts 
treated with ET‑1 in the presence and absence of ET receptor antagonists 
(BQ123, BQ788 and BKM120). (A) Ets‑1 mRNA expression levels following 
treatment. (B) Western blot analysis of Ets‑1 protein expression levels following 
treatment. Ets‑1 expression levels were normalized to that of GAPDH and are 
expressed as the fold change of that of untreated control cells (designated as 1). 
Lanes were loaded in the same order as indicated in the graph. P<0.05 vs. the 
acontrol; bET‑1 (10 nM); cET‑1 (30 nM); dET‑1 + BQ123; and eET‑1 + BQ788 
groups. OSM, oncostatin M; ET‑1, endothelin‑1; OA, osteoarthritis; BQ123, 
endothelin receptor type A antagonist; BQ788, endothelin receptor type B 
antagonist; BKM120, phosphatidylinositol 3‑kinase inhibitor.
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absence of ET‑1 (P<0.05). As demonstrated in Fig. 7B, Ets‑1 
knockdown suppressed the ET1‑induced expression of OSM. 
The results indicate that Ets‑1 is an important mediator of the 
inducing effect of ET‑1 on OSM expression in OA osteoblasts.

Effect of ET‑1 on the protein expression of Ets‑1. 
OA osteoblasts were treated with ET‑1 (10 and 30 nM) for 4 h 
to assess the effect of ET‑1 on the Ets‑1 mRNA and protein 
expression levels. As demonstrated in Fig. 8, ET‑1 treatment 
(10 and 30 nM) significantly increased the expression of Ets‑1 
at the mRNA and protein levels compared with the control 
group (P<0.05). This effect was significantly suppressed 
following co‑treatment with BQ123 or BKM120, compared 
with the control and ET‑1 only groups (Fig.  8; P<0.05). 
However, co‑treatment with BQ788 significantly increased 
the expression of Ets‑1 compared with the control and ET‑1 
only groups (Fig. 8; P<0.05). These findings indicate that ET‑1 
may increase Ets‑1 expression levels in OA osteoblasts in an 
ETAR‑ and PI3K‑dependent manner.

Discussion

OSM is an established contributor to cartilage degeneration 
in OA  (2‑4) and is expressed in OA  osteoblasts  (9,10). 
ET‑1 is implicated in the degradation of OA articular 
cartilage (6,7), and involved in osteoblast proliferation and 
bone development (5,8). The present study demonstrated that 
ET‑1 induced the expression of OSM in OA osteoblasts.

The ET family consists of ET‑1,  ‑2, and ‑ 3 and the 
endothelin‑converting enzymes (ECEs) that catalyze the 
generation of biologically active ETs (15). The roles of ET‑2 
and ‑3, and ECE‑1 in the expression of OSM and Ets‑1 in 
OA osteoblasts remain unclear. In addition, the effect of ET‑1 
on the expression of OSM in normal osteoblasts is yet to be 
determined. 

ET‑1 treatment (5‑20  nM) for ≥1  h dose‑dependently 
induced the expression of OSM in OA osteoblasts. In particular, 
20 or 30 nM ET‑1 induced mRNA and secreted protein levels 
of OSM by 4‑fold within 30 h, indicating that ET‑1 is an inducer 
of OSM in OA osteoblasts. As the important role of OSM in 
the pathogenesis and progression of OA is well known (2‑4), 
the results of the present study revealed, to the best of our 
knowledge, the first evidence of the mechanistic role of ET‑1 
in the pathophysiology of OA. Furthermore, ETAR antagonist, 
BQ123 significantly suppressed the ET‑1‑induced effect on the 
expression of OSM in OA osteoblasts, thus ETAR antagonists 
may be beneficial for patients with OA. The effects of ETAR 
antagonists on OA require further investigation in vivo.

The present study demonstrated that specific binding 
of Ets‑1 to a ‑494/‑488 cis‑DNA element in the OSM gene 
promoter was required for the ET1‑induced expression of 
OSM in OA  osteoblasts, and that ET‑1 dose‑dependently 
increased the expression level of Ets‑1 in OA osteoblasts. The 
results suggested that ET‑1 induced the expression of OSM in 
OA osteoblasts primarily via inducing Ets‑1 expression and 
Ets‑1‑dependent trans‑activation of the OSM gene promoter. 
Furthermore, ET‑1 induced the expression of Ets‑1 in an 
ETAR‑ and PI3K‑dependent manner, which explains why ET‑1 
induced OSM expression in OA osteoblasts. Future studies are 
required to investigate how the administration of ET‑1 results 

in the increased expression of Ets‑1 in OA osteoblasts via the 
PI3K signaling pathway.

A previous study demonstrated that ET‑1 induced the 
expression of Ets‑1 in primary proximal tubule cells  (16), 
which is consistent with the observations of the OA osteoblasts 
in the present study. However, in the current study, the inducing 
effect of ET‑1 on the expression of Ets‑1 was via an ETAR, 
compared with the previous study, which demonstrated that 
the effect of ET‑1 was via an ETAR and, more markedly, an 
ETBR (16). This discrepancy may be due to the different cell 
models used in the studies.

ET‑1 was demonstrated to induce the production of 
matrix metalloproteinase (MMP)‑1 by articular chondrocytes 
and synoviocytes, by which it may trigger the enzymatic 
degradation of articular cartilage (5). Hence, ET‑1 may be a 
target of novel therapeutic approaches for OA (5). Ets‑1 is a 
transcription factor that regulates the gene expression of 
proteases, such as urokinase‑type plasminogen activator and 
MMP‑1  (17,18). The current study demonstrated that ET‑1 
induced the expression of Ets‑1 in OA osteoblasts, thus whether 
ET‑1 may induce the production of MMP‑1 in OA osteoblasts 
via Ets‑1 may be of interest for a future study. In addition to the 
above‑mentioned finding, the ET1‑induced expression of OSM 
in OA osteoblasts, and the MMP‑1 in articular chondrocytes 
and synoviocytes, indicates that the role of ET‑1 in contributing 
to the pathogenesis and progression of OA may be diverse.

In conclusion, the present study has demonstrated that 
ET‑1 induces the expression of OSM in OA osteoblasts via 
trans‑activation of the OSM gene promoter. ET‑1 increased 
the expression/specific binding of Ets‑1 to an Ets‑1 binding 
site (‑494 to ‑488) in the OSM promoter in an ETAR‑ and 
PI3K‑dependent manner. It therefore provides a novel insight 
into the mechanistic role of ET‑1 in the pathophysiology of OA.
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