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Abstract. osteoarthritis is a chronic degenerative joint 
disease. long non-coding rna plasmacytoma variant 
translocation 1 (PVT1) is involved in the progression of 
osteoarthritis and exosomes serve a central role in intercellular 
communication. However, whether PVT1 can be mediated by 
exosomes in osteoarthritis has not been reported. Whole blood 
was drawn from osteoarthritis patients and healthy volunteers. 
lipopolysaccharide (lPS) was used to stimulate human 
normal chondrocytes (c28/i2) to construct a cell damage 
model in vitro. Protein levels were examined via western blot 
analysis. eThe expression of PVT1, microrna (mir)-93-5p 
and high mobility groupprotein B1 (HMGB1) was evaluated 
through reverse transcription-quantitative Pcr. cell viability 
and apoptosis were determined through ccK-8 or flow 
cytometric assay. inflammatory cytokines were measured 
via eliSa. The relationship between PVT1 or HMGB1 and 
miR‑93‑5p was confirmed by dual‑luciferase reporter assay. 
PVT1, HMGB1 and exosomal PVT1 were upregulated while 
mir-93-5p was downregulated in osteoarthritis patient serum 
and lPS-induced c28/i2 cells. exosomes from osteoarthritis 
patient serum and lPS-treated c28/i2 cells increased 
PVT1 expression in c28/i2 cells. PVT1 depletion reversed 
the decrease of viability and the increase of apoptosis, 
inflammation responses and collagen degradation of C28/I2 
cells induced by lPS. PVT1 regulated HMGB1 expression 
via sponging mir-93-5p. mir-93-5p inhibition abolished 
PVT1 silencing‑mediated viability, apoptosis, inflammation 
responses and collagen degradation of lPS-stimulated 

c28/i2 cells. HMGB1 increase overturned mir-93-5p 
upregulation-mediated viability, apoptosis, inflammation 
responses and collagen degradation of lPS-stimulated 
c28/i2 cells. Furthermore, PVT1 modulated the Toll-like 
receptor 4/nF-κB pathway through an mir-93-5p/HMGB1 
axis. in summary, exosome-mediated PVT1 regulated 
lPS-induced osteoarthritis progression by modulating the 
HMGB1/Tlr4/nF-κB pathway via mir-93-5p, providing a 
new route for possible osteoarthritis treatment.

Introduction

osteoarthritis is a common chronic degenerative joint disease 
characterized by synovial inflammation and cartilage protein 
degradation (1). osteoarthritis can cause pain and disability, 
and it will become the largest disability problem in the united 
States by 2030 (2). unfortunately, there are no effective 
treatments that can change the progression of osteoarthritis (3). 
currently, osteoarthritis is mainly treated with a regimen 
that controls symptoms and relieves pain (4). Therefore, it is 
essential to explore the pathogenesis of osteoarthritis for the 
development of effective osteoarthritis treatment programs.

long non-coding rnas (lncrnas) are a type of 
non-protein-encoding rnas >200 nucleotides in length, 
which exert crucial regulatory roles in gene regulatory 
networks (5). lncrnas are implicated in vital physiological 
processes, such as cell lineage determination, cell differen-
tiation, organogenesis and tissue homeostasis (6). Previous 
studies have demonstrated that lncrnas are involved in the 
progression of osteoarthritis (7-9). For example, lncrna 
FoXd2-aS1 was revealed to modulate the proliferation of 
chondrocytes in osteoarthritis (9). lncrna plasmacytoma 
variant translocation 1 (PVT1), also known as linc00079, 
Mir1204HG, or onco-lncrna-100, is associated with the 
progression of a range of tumors (10). PVT1 has been revealed 
to accelerate lipopolysaccharide (lPS)-induced septic acute 
kidney injury (11). PVT1 was demonstrated to impede 
cardiac function and facilitate the secretion of inflamma-
tory factors in a sepsis model (12). additionally, PVT1 has 
been revealed to modulate the apoptosis of chondrocytes in 
osteoarthritis (13). nevertheless, the role of PVT1 and its 
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molecular mechanisms in the pathogenesis of osteoarthritis 
remain to be elucidated.

Micrornas (mirnas) are another crucial class of 
non-coding rnas that bind to complementary mrnas, 
resulting in translation inhibition or degradation of 
mrna (14). mirnas serve vital roles in cell differentiation 
and metabolism, organ development, viral infection and 
tumorigenesis (15). mirna-93-5p (mir-93-5p) serves different 
functions in different tumors (16,17). in addition, mir-93-5p 
can suppress osteogenic differentiation (18). mir-93-5p has 
also been implicated in the inflammatory and antiproliferative 
processes of human bronchial epithelial cell lines induced 
by neodymium oxide (19). Furthermore, mir-93-5p has been 
revealed to regulate il-1β-induced cartilage degradation and 
chondrocyte apoptosis in osteoarthritis (20). However, the role 
of mir-93-5p in osteoarthritis remains to be elucidated.

exosomes are small extracellular vesicles with a lipid bilayer 
member structure that can be secreted by most cells and have 
a diameter of ~30‑100 nm (21). Exosomes contain cell‑specific 
proteins, lipids and nucleic acids that can be transmitted as 
signal molecules to other cells to alter their function (22,23). 
Small extracellular vesicles may exert a role in the pathogenesis 
of a variety of inflammatory diseases (24). For instance, 
HiF-1α-induced exosomal mir-23a can activate macrophages 
and promote tubulointerstitial inflammation (25). In addition, 
the exosomal MalaT1 derived from adipose-derived stem 
cells regulates inflammation‑related networks and promotes 
regeneration after traumatic brain injury (26). a previous study 
reported that exosomes released from synovial fibroblasts in 
patients with rheumatoid arthritis contain TnF-α membrane 
forms, which could make activated T cells resistant to apop-
tosis and contribute to the pathogenic process of rheumatoid 
arthritis (27). However, the function of exosomal PVT1 in the 
development of osteoarthritis is unclear.

Hence, the present study explored the expression of 
exosomal PVT1 in the serum of patients with osteoarthritis and 
in an osteoarthritis cell model (lPS-stimulated c28/i2 cells) 
in vitro. The effect of exosomes of lPS-stimulated c28/i2 cells 
and the serum of patients with osteoarthritis on the expression 
of exosomal PVT1 in c28/i2 cells was investigated. The 
present study also explored the role of PVT1 in the viability, 
apoptosis and inflammation responses of lPS-stimulated 
c28/i2 cells and its molecular mechanisms to provide possible 
therapeutic tactics for the treatment of osteoarthritis.

Materials and methods

Osteoarthritis subjects. The present study was authorized 
by the ethics committee of Weihai Municipal Hospital. a 
total of 30 osteoarthritis patients (19 females and 1  males, 
age range from 50 to 70 years old) and 30 healthy volunteers 
(19 females and 11 males, age range from 50 to 70 years old) 
were recruited from Weihai Municipal Hospital between 
october 2017 and June 2019. Whole blood (20 ml) was drawn 
from each osteoarthritis patient and healthy volunteer. The 
blood sample was kept at room temperature for 2 h and centri-
fuged (4˚C, 1,200 x g, 20 min) to acquire serum. Serum was 
stored in liquid nitrogen for subsequent studies. all patients 
with osteoarthritis and the healthy subjects who participated 
in the present study signed written informed consent.

Cell culture and treatment. Human normal chondrocytes 
c28/i2 were acquired from Bena culture collection. 
dulbecco's modified eagle's medium/F-12 medium (1:1, 
dMeM/F-12; Hyclone; cytiva) containing fetal bovine serum 
(10%, FBS, Hyclone; cytiva) was employed to maintain the 
C28/I2 cells. A humidified incubator with 5% CO2 at 37˚C 
was used to maintain the c28/i2 cells. c28/i2 cells were 
exposed to different concentrations of lPS (1, 5 and 10 µg/ml; 
Sigma-aldrich; Merck KGaa) for 48 h to construct an osteo-
arthritis state cell model.

Exosome isolation. exosome-free medium (Sigma-aldrich; 
Merck KGaa) was used to culture c28/i2 cells or lPS-stimulated 
C28/I2 cells at 37˚C for 48 h. The culture medium was collected 
and centrifuged (1,500 x g, 15 min) at 4˚C and the supernatant 
filtered through a 0.22‑µm polyvinylidene difluoride (PVDF) 
filter (EMD Millipore). ExoQuick™ Exosome Precipitation 
Solution (System Biosciences, llc) was added to the serum 
or filter medium and mixed. Following refrigeration for 24 h at 
4˚C, the mixture was centrifuged (1,500 x g, 30 min) at 4˚C to 
remove the supernatant. The exosome pellets were suspended 
in the exosome-free medium and the exoeliSa exosome 
Quantification assay kit (System Biosciences, llc) was 
used to quantify the concentration of exosomes. Western blot 
analysis was performed to examine the exosomal markers cd9 
and cd63. c28/i2 cells were treated with 5 µg/ml exosomes.

Transmission electron microscopy (TEM). The exosome 
pellets were suspended in PBS and then fixed in 
paraformaldehyde (4%) and glutaraldehyde (4%) in PBS 
(0.1 M, pH 7.4) at 4˚C for 5 min. After adding a drop of the 
exosomal sample, the carbon-coated copper grid was immersed 
in a phosphotungstic acid solution (2%, pH 7.0) for 30 sec. a 
transmission electron microscope (JeM-1200eX; Jeol, ltd.) 
at magnification, x100,000 was used to observe and assess the 
morphology and size of the exosomes.

Cell transfection. Small interfering rna (sirna) targeting 
PVT1 (si-PVT1) and negative control (si-nc) were procured 
from Shanghai GenePharma co., ltd., as were mirna 
mimics and inhibitors targeting mir-93-5p (mir-93-5p and 
anti-mir-93-5p) and their negative control (mir-nc and 
anti-mir-nc). The sequence of high mobility grouppro-
tein B1 (HMGB1; accession: nM_001363661) was cloned 
into the pcdna3.1 vector (pcdna; invitrogen; Thermo Fisher 
Scientific, inc.) to construct the overexpression vector of 
HMGB1 (HMGB1). oligonucleotides (si-PVT1 (40 nM), si-nc 
(40 nM), mir-93-5p (50 nM), mir-nc (50 nM), anti-mir-93-5p 
(50 nM), anti-mir-nc (50 nM)) or plasmids were transiently 
transfected into c28/i2 cells using lipofectamine® 3000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) and then cultured in 
dMeM/F-12 containing 5 µg/ml lPS for 48 h. The sequences 
were: si-PVT1 (5'-GGG uac uGG aaG uaG aau auu -3') and 
si-nc (5'-uuc ucc Gaa  cGu Guc acG uTT -3').

Western blot analysis. radio-immunoprecipitation assay 
(riPa) lysis buffer (Sigma-aldrich; Merck KGaa-aldrich; 
Merck KGaa) was used to extract the protein of serum and cells. 
Total protein concentration was quantified using a BCA protein 
quantification kit (Invitrogen; Thermo Fisher Scientific, Inc.). 
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The extracted total protein (20 µg) was separated through the 
sodium dodecyl sulphate-polyacrylamide gel electrophoresis by 
10% running gel and 5% stacking gel. Then, the separated protein 
was transferred onto PVdF membranes. Following immersion 
in TBST buffer with 5% skimmed milk at room temperature 
for 1 h, the PVdF membranes were incubated with primary 
antibodies overnight at 4˚C. The primary antibodies were 
obtained from abcam or Santa cruz Biotechnology, including 
anti-cd9 (cat. no. ab92726, 1:100), anti-cd63 (cat. no. ab59479, 
1:200), anti-B cell lymphoma 2 (Bcl-2; cat. no. ab182858, 
1:200), anti-cleaved caspase-3 (cat. no. ab32042, 1:500), 
anti-Bcl-2-associated X (Bax; cat. no. ab32503, 1:1,000), 
anti-GaPdH (cat. no. ab8245, 1:1,000), anti-interleukin (il)-6 
(cat. no. ab6672, 1:500), anti-il-1β (cat. no. ab9722, 1:250), 
anti-TnF-α (sc-52B83, 1:500), anti-HMGB1 (cat. no. ab79823, 
1:1,000), anti-Toll-like receptor 4 (Tlr4; cat. no. ab13556, 
1:500), anti-aggrecan (cat. no. ab3778, 1:100), anti-matrix 
metallopeptidase 13 (MMP13; cat. no. ab84594, 1:200), 
anti-nF-κB p65 (cat. no. ab16502, 1:200), anti-phosphorylated 
(p)-p65 (cat. no. ab97726, 1:1,000), anti-nuclear factor 
κ-B (nF-κB) inhibitor α (iκBα; cat. no. ab7217, 1:1,000) 
and anti-p-iκB-α (cat. no. ab24783, 1:1,000). Then the 
membranes were incubated with the secondary antibody goat 
anti-mouse igG (cat. no. ab205719, 1:10,000) or anti-rabbit 
igG (cat. no. ab205718, 1:1,000, both from abcam) at room 
temperature for 1 h. GaPdH was used as a loading control. 
The immobilon Western chemiluminescent HrP Substrate 
(eMd Millipore) was used to visualize the protein bands. 
Quantification of protein bands was performed using ImageJ 
software 1.50 (national institutes of Health).

Reverse transcription‑quantitative (RT‑q) PCR. Total rna 
of the exosomes, serum and cells (1x106) was extracted 
through Trizol® reagent (Thermo Fisher Scientific, inc.). 
The first‑strand complementary DNA (cDNA) for PVT1 and 
HMGB1 was generated through a Moloney Murine leukemia 
Virus (M‑MLV) First Strand kit (Thermo Fisher Scientific, 
Inc.). The first‑strand cDNA for miR‑93‑5p was synthesized 
using Mirna reverse Transcription kit (Thermo Fisher 
Scientific, Inc.). RNA extraction and cDNA synthesis were 
performed in accordance with the manufacturer's protocols. 
rT-qPcr was conducted using SYBr Green Pcr Master 
mixes (Thermo Fisher Scientific, Inc.) in a reaction volume of 
20 µl (10 µl SYBr Premix ex Taq ii, 6 µl ddH2o, 2 µl cdna, 
and 2 µl primer) with the following reaction program: 95˚C for 
30 sec, followed by 40 cycles of 95˚C for 5 sec and 60˚C for 
20 sec. The primers used were: PVT1: 5'-TTG Gca caT aca 
Gcc aTc aT-3' forward (F) and 5'-Gca GTa aaa GGG Gaa 
cac ca-3' reverse (r); HMGB1: 5'-cTc aGa GaG GTG Gaa 
Gac caT GT-3' (F) and 5'-GGG aTG TaG GTT TTc aTT TcT 
cTT Tc-3' (r); GaPdH: 5'-Gac Tcc acT cac GGc aaa 
TTc a-3' (F) and 5'-TcG cTc cTG Gaa GaT GGT GaT -3' 
(r) mir-93-5p: 5'-Gcc Gcc aaa GTG cTG TTc -3' (F) and 
5'-caG aGc aGG GTc cGa GGT a-3' (r); as well as u6 small 
nuclear (sn) rna: 5'-GcT cGc TTc GGc aGc aca -3' (F) and 
5'-GaG GTa TTc Gca cca GaG Ga-3' (r). The expression 
of PVT1, HMGB1 and mir-93-5p was calculated by the 
2-ΔΔcq method (28) and GaPdH or u6 snrna was used as 
an internal control. all rT-qPcr reactions were performed 
in triplicate.

Cell viability assay. cell counting Kit-8 (ccK-8) (dojindo 
Molecular Technologies, inc.) was applied to assess the 
viability of cells according to the manufacturer's protocol. in 
short, c28/i2 cells (5x103 cells/well) were treated with lPS 
(1, 5 and 10 µg/ml) for 48 h or lPS-stimulated c28/i2 cells 
transfected with oligonucleotides or plasmids were cultured 
for 48 h. Then, ccK-8 (10 µl) reagent was supplemented to 
each well and incubated at 37˚C for 2 h. A microplate absor-
bance reader (Thermo Fisher Scientific, Inc.) was used for the 
evaluation of the color reaction at 450 nm.

Flow cytometric assay. An Annexin V‑fluorescein isothio-
cyanate (FiTc)/propidium iodide (Pi) apoptosis detection 
kit (Sigma-aldrich; Merck KGaa) was employed to assess 
the apoptosis rate of cells according to the manufacturer's 
protocol. in brief, the c28/i2 cells were treated in the same 
manner as for the cell viability assay. Following washing, 
treated c28/i2 cells (1x105) were resuspended in binding 
buffer. annexin V-FiTc (5 µl) and Pi (10 µl) were added to the 
binding buffer and incubated at room temperature for 15 min 
in the dark. A FACScan flow cytometer (BD Biosciences) with 
cellQuest software (version 5.1, Bd Biosciences) was used to 
analyze the apoptosis rate of treated c28/i2 cells.

Enzyme‑linked immunosorbent assay (ELISA). The levels 
of inflammatory cytokines il-6, il-1β and TnF-α in the 
supernatant of treated-c28/i2 cells were analyzed with 
human il-1β (cat. no. SlB50)/il-6 (cat. no. S6050)/TnF-α 
(cat. no. STa00d) Quantikine eliSa kits (r&d Systems 
europe, ltd.).

Dual‑luciferase reporter assay. StarBase v2.0 (http://star-
base.sysu.edu.cn/) was employed to predict the binding sites 
between PVT1 or HMGB1 and mir-93-5p. Then, the sequences 
of wild-type (WT) PVT1 (with predicted mir-93-5p binding 
sites) and mutant (MUT) PVT1 were amplified and inserted 
into the psicHecK-2 vector (Promega corporation) to estab-
lish the luciferase reporter vectors WT-PVT1 and MuT-PVT1 
for the verification of the binding sites between PVT1 and 
mir-93-5p. The same method was used to construct the 
reporter vectors HMGB1 3' untranslated region (uTr)-WT 
and HMGB1 3'UTR‑MUT for the confirmation of the binding 
sites between HMGB1 and mir-93-5p. c28/i2 cells were 
cotransfected mir-nc (30 nM) or mir-93-5p (30 nM) and 
a luciferase reporter vector (100 ng) lipofectamine® 3000 
reagent (invitrogen; Thermo Fisher Scientific, inc.). after 
transfection for 48 h, the luciferase activities of the luciferase 
reporter vectors were evaluated with dual-luciferase reporter 
assay kit (Promega corporation). relative Renilla luciferase 
activity was normalized to that of firefly luciferase.

Statistical analysis. SPSS 20.0 software (iBM corp.) and 
GraphPad Prism 5.0 (GraphPad Software, inc.) were used 
for statistical analysis. The data in the present study were 
derived from ≥3 independent experiments. Data are presented 
as the mean ± standard deviation. unpaired Student's t-test or 
one-way variance analysis (anoVa) with Tukey's post hoc 
test was employed. Pearson's correlation analysis method was 
used to assess the relationship between mir-93-5p and PVT1 
as well as HMGB1 and mir-93-5p expression in the serum 
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of osteoarthritis patients. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Expression of PVT1, exosomal PVT1, miR‑93‑5p in the 
serum of osteoarthritis patients and LPS‑stimulated 
C28/I2 cells. exosomes were extracted from c28/i2 cells 
and from the serum of patients with osteoarthritis to analyze 
exosome-encapsulated PVT1 in osteoarthritis. The exosomes 
were circular in shape and 40-100 nm in the c28/i2 cells and 
the serum of osteoarthritis patients and healthy volunteers 
(Fig. 1a). Western blot analysis demonstrated that the exosome 
marker proteins cd9 and cd63 were present in the exosomes 
of the c28/i2 cells and the serum of osteoarthritis patients 
(Fig. 1B). RT‑qPCR demonstrated that PVT1 was significantly 
upregulated in exosomes of the serum of osteoarthritis 

patients when compared with the serum of healthy volunteers 
(Fig. 1C). In addition, PVT1 was significantly upregulated in 
the serum of osteoarthritis patients compared with healthy 
volunteers (Fig. 1d). lPS (1, 5 and 10 µg/ml) was used to 
treat c28/i2 cells for the construction of the osteoarthritis 
status in vitro. it was determined that the expression of PVT1 
was significantly enhanced in exosomes of 5 and 10 µg/ml 
lPS-stimulated c28/i2 cells (Fig. 1e). Furthermore, it was 
identified that the exosomes of 5 µg/ml LPS‑stimulated C28/I2 
cells and the serum of osteoarthritis patients could increase 
the expression of exosomal PVT1 in c28/i2 cells (Fig. 1F).

mir-93-5p in the serum of patients with osteoarthritis was 
decreased compared with the serum of healthy volunteers 
(Fig. 1G). In addition, miR‑93‑5p was significantly downregu-
lated in lPS (5 and 10 µg/ml)-treated c28/i2 cells (Fig. 1H). 
Pearson correlation analysis demonstrated that the expression 
of mir-93-5p and PVT1 was negatively correlated in the 

Figure 1. expression patterns of exosomal PVT1 and mir-93-5p in the serum of osteoarthritis patients and lPS-stimulated c28/i2 cells. (a) TeM image of 
the exosomes released by the serum of osteoarthritis patients and C28/I2 cells (magnification, x100,000). (B) Exosomal protein markers (CD9 and CD63) 
were detected by western blot analysis from purified exosomes and exosome‑depleted supernatant. The levels of (C) PVT1 and (D) exosomal PVT1 in 
the serum of osteoarthritis patients and healthy volunteers were detected using rT-qPcr. (e) The level of exosomal PVT1 in c28/i2 cells treated with 
various concentrations of lPS (0, 1, 5 and 10 µg/ml) was assessed by rT-qPcr. (F) effect of the exosomes of 5 µg/ml lPS-stimulated c28/i2 cells and 
the serum of osteoarthritis patients on the expression of PVT1 of c28/i2 cells was analyzed via rT-qPcr. (G) The expression of mir-93-5p in the serum 
of osteoarthritis patients was examined by rT-qPcr. (H) effects of various concentrations of lPS on mir-93-5p expression level of c28/i2 cells were 
analyzed through rT-qPcr. (i) Pearson correlation analysis revealed a correlation between mir-93-5p and PVT1 in the serum of patients with osteoarthritis. 
*P<0.05. PVT1, plasmacytoma variant translocation 1; mir, microrna; lPS, lipopolysaccharide; TeM, transmission electron microscopy; rT-qPcr, reverse 
transcription-quantitative Pcr. 
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serum of patients with osteoarthritis (Fig. 1i). collectively, 
these results indicated that the upregulation of PVT1 mediated 
by exosomes and the reduction of mir-93-5p may be associ-
ated with the pathogenesis of osteoarthritis.

LPS accelerates cell apoptosis and inflammation responses 
and restrains cell viability in C28/I2 cells. The influence of 
LPS on the viability, apoptosis and inflammation responses of 
c28/i2 cells was investigated. a ccK-8 assay demonstrated 
that the viability of C28/I2 cells was significantly suppressed 
with increased concentration of lPS (Fig. 2a). Flow cytometry 
revealed that the apoptosis rate of C28/I2 cells was significantly 

increased with increased concentration of lPS (Fig. 2B). The 
levels of apoptosis-related proteins (Bcl-2, Bax and cleaved 
caspase-3) in lPS-stimulated c28/i2 cells were analyzed with 
western blot analysis. With increased concentration of lPS, 
Bcl-2 protein level in c28/i2 cells was reduced, while Bax and 
cleaved caspase-3 protein levels were increased (Fig. 2c). The 
levels of inflammatory cytokines IL‑6, IL‑1β and TnF-α in 
the supernatant of lPS-stimulated c28/i2 cells were measured 
using eliSa. The results demonstrated that the levels of 
il-6, il-1β and TnF-α were increased in the supernatant of 
c28/i2 cells with increased concentration of lPS (Fig. 2d). 
lPS increased the protein levels of il-6, il-1β and TnF-α in 

Figure 2. Effects of LPS on viability and induced cell apoptosis, inflammation responses and collagen degradation of C28/I2 cells. (A) Influence of various 
concentrations of lPS (0, 1, 5 and 10 µg/ml) on viability of c28/i2 cells as determined by ccK-8 assay. (B) The apoptosis of c28/i2 cells cultured in medium 
with various concentrations of LPS was detected by flow cytometry. (C) Western blot analysis was performed to assess the protein levels of Bcl‑2, Bax and 
cleaved caspase-3 in the c28/i2 cells cultured in medium with various concentrations of lPS. (d) The levels of il-6, il-1β and TnF-α in c28/i2 cells 
stimulated with various concentrations of lPS were assessed using eliSa. (e) The protein levels of il-6, il-1β, TnF-α, aggrecan and MMP13 in c28/ i2 
cells treated with various concentrations of lPS were assessed by western blot analysis. *P<0.05. lPS, lipopolysaccharide; il, interleukin; MMP, matrix 
metallopeptidase. 
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c28/i2 cells in a concentration-dependent manner (Fig. 2e). 
aggrecan levels were reduced while MMP13 levels were 
increased in c28/i2 cells with increased concentration of lPS, 
indicating that lPS treatment induced collagen degradation 
in C28/I2 cells (Fig. 2E). Collectively, these findings demon-
strated that LPS could induce cell apoptosis and inflammation 
responses and inhibit cell viability in c28/i2 cells.

Depletion of PVT1 overturns LPS‑mediated viability, apoptosis 
and inflammation responses and collagen degradation of C28/I2 
cells. To investigate the function of PVT1 in osteoarthritis, a 
function-loss-experiment was performed in c28/i2 cells treated 
with lPS (5 µg/ml) for 48 h. The results demonstrated that PVT1 
expression was significantly increased in C28/I2 cells following 

exosome treatment. in addition, the upregulation of PVT1 in 
c28/i2 cells caused by exosome treatment was reversed after 
si-PVT1 transfection (Fig. S1). The transfection of si-PVT1 
abolished the upregulation of PVT1 in lPS-stimulated c28/i2 
cells compared with the si-nc group (Fig. 3a). a ccK-8 assay 
demonstrated that PVT1 downregulation reversed the suppres-
sive influence of LPS on the viability of C28/I2 cells (Fig. 3B). 
The increase of apoptosis in lPS-treated c28/i2 cells was 
reversed by the downregulation of PVT1 (Fig. 3c). in addition, 
the enhancement of Bax and cleaved caspase-3 proteins and the 
decrease of Bcl-2 protein in lPS-induced c28/i2 cells were 
overturned by PVT1 inhibition (Fig. 3d). eliSa revealed that 
reduced PVT1 expression abrogated the increase in il-6, il-1β 
and TnF-α in c28/i2 cells treated with lPS (Fig. 3e). Western 

Figure 3. Effects of PVT1 depletion on viability, apoptosis, inflammation responses and collagen degradation in LPS‑stimulated C28/I2 cells. LPS‑stimulated 
c28/i2 cells were transfected with si-nc or si-PVT1. (a) rT-qPcr was employed to analyze the expression of PVT1 in lPS-stimulated c28/i2 cells. (B) effect 
of PVT1 inhibition on cell viability in LPS‑stimulated C28/I2 cells was analyzed using a CCK‑8 assay. (C) Influence of PVT1 inhibition on the apoptosis rate 
of LPS‑stimulated C28/I2 cells as determined using flow cytometry. (D) Effects of PVT1 inhibition on Bcl‑2, Bax and cleaved caspase‑3 protein expression 
levels were evaluated with western blot analysis. (e) eliSa was used to analyze the effects of PVT1 silencing on il-6, il-1β and TnF-α expression levels in 
the supernatant of LPS‑stimulated C28/I2 cells. (F) Western blot analysis was performed to assess the influence of PVT1 downregulation on the protein levels 
of il-6, il-1β, TnF-α, aggrecan and MMP13 in lPS-stimulated c28/i2 cells. *P<0.05. PVT1, plasmacytoma variant translocation 1; lPS, lipopolysaccharide; 
si, short interfering rna; nc, negative control; rT-qPcr, reverse transcription-quantitative Pcr; il, interleukin; MMP, matrix metallopeptidase. 



Molecular Medicine rePorTS  22:  5313-5325,  2020 5319

blot analysis also demonstrated that PVT1 silencing reversed 
lPS-mediated effects on the protein levels of il-6, il-1β, 
TnF-α, aggrecan and MMP13 in c28/i2 cells (Fig. 3F). in 
brief, PVT1 downregulation abolished lPS-mediated viability, 
apoptosis, inflammation responses and collagen degradation in 
c28/i2 cells.

miR‑93‑5p acts as a target for PVT1. To understand the molec-
ular mechanism of PVT1 in osteoarthritis, starBase v2.0 was 
used to predict the potential binding sites for PVT1. mir-93-5p 
was revealed to be a possible target for PVT1 (Fig. 4a). 
Subsequently, the luciferase reporter vectors WT-PVT1 and 
MuT-PVT1 were constructed to verify the potential binding 

Figure 4. PVT1 performs its role through mir-93-5p in c28/i2 cells. (a) The binding sites of PVT1 in mir-93-5p were predicted using starBase v2.0. (B) The 
luciferase intensity in c28/i2 cells cotransfected WT-PVT1 or MuT-PVT1 and mir-nc or mir-93-5p were determined with dual-luciferase reporter assay. 
(c) rT-qPcr was performed to analyze PVT1 expression level in lPS-stimulated c28/i2 cells transfected with si-PVT1 or PVT1. (d) effect of PVT1 on 
the expression of mir-93-5p was evaluated using rT-qPcr. lPS-stimulated c28/i2 cells were transfected with si-nc, si-PVT1, si-PVT1+anti-mir-nc, 
si-PVT1+anti-mir-93-5p. (e) effect of mir-93-5p suppression on PVT1 knockdown-mediated mir-93-5p expression of lPS-stimulated c28/i2 cells was 
analyzed using rT-qPcr. (F) effect of mir-93-5p inhibition on PVT1 downregulation-mediated viability of lPS-stimulated c28/i2 cells was determined 
via CCK‑8 assay. (G) Flow cytometry was performed for the evaluation of the influence of miR‑93‑5p silencing on PVT1 inhibition‑mediated apoptosis of 
lPS-stimulated c28/i2 cells. (H) Western blot analysis was performed to detect the protein levels of Bcl-2, Bax and cleaved caspase-3 in lPS-stimulated 
c28/ i2 cells. (i) The levels of il-6, il-1β and TnF-α in lPS-stimulated c28/i2 cells were measured using eliSa. (J) The protein levels of il-6, il-1β, 
TnF-α, aggrecan and MMP13 in lPS-stimulated c28/i2 cells were explored using western blot analysis. *P<0.05. PVT1, plasmacytoma variant transloca-
tion 1; mir, microrna; WT, wild-type; MuT, mutant; rT-qPcr, reverse transcription-quantitative Pcr; lPS, lipopolysaccharide; si, short interfering rna; 
nc, negative control; il, interleukin; MMP, matrix metallopeptidase. 
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sites between PVT1 and mir-93-5p. dual-luciferase reporter 
assay demonstrated that mir-93-5p introduction suppressed 
the luciferase activity of WT-PVT1 when compared with 
the miR‑NC, while no significant difference was observed 
in luciferase activity between the mir-nc and MuT-PVT1 
groups (Fig. 4B). rT-qPcr demonstrated that PVT1 expres-
sion level was decreased in lPS-stimulated c28/i2 cells 
transfected with si-PVT1, but the expression of PVT1 was 
enhanced in lPS-stimulated c28/i2 cells transfected with 
PVT1 (Fig. 4c). decreased PVT1 expression effectively 
increased mir-93-5p expression in lPS-stimulated c28/i2 
cells, whereas increased levels of PVT1 suppressed mir-93-5p 
expression in lPS-stimulated c28/i2 cells (Fig. 4d). The 
introduction of anti-mir-93-5p overturned PVT1 downregula-
tion-mediated enhancement of mir-93-5p in lPS-stimulated 
c28/i2 cells (Fig. 4e). Whether PVT1 exerted its function 
via mir-93-5p in lPS-stimulated c28/i2 cells was then 
investigated. a ccK-8 assay demonstrated that the promotion 
of proliferation of lPS-stimulated c28/i2 cells caused by 
PVT1 silencing was reversed by the inhibition of mir-93-5p 
(Fig. 4F). mir-93-5p silencing overturned the suppression 
of apoptosis in lPS-stimulated c28/i2 cells induced by 

PVT1 knockdown (Fig. 4G). Western blot analysis revealed 
that the downregulation of mir-93-5p abrogated PVT1 
reduction-mediated protein levels of Bcl-2, Bax and cleaved 
caspase-3 of lPS-stimulated c28/i2 cells (Fig. 4H). eliSa 
revealed that mir-93-5p reduction reversed the suppression 
of il-6, il-1β and TnF-α in lPS-stimulated c28/i2 cells 
induced by PVT1 downregulation (Fig. 4i). Western blot 
analysis also revealed that downregulated mir-93-5p expres-
sion reversed the PVT1 inhibition‑mediated influence on the 
protein levels of il-6, il-1β, TnF-α, aggrecan and MMP13 
in c28/i2 cells following lPS treatment (Fig. 4J). Therefore, 
these data indicated that PVT1 mediated cell viability, apop-
tosis, inflammation responses and collagen degradation in 
lPS-stimulated c28/i2 cells via mir-93-5p.

HMGB1 serves as a target for miR‑93‑5p. To further investi-
gate the molecular mechanism of mir-93-5p in osteoarthritis, 
the latent target for mir-93-5p was explored in starBase v2.0. 
as illustrated in Fig. 5a, mir-93-5p possessed latent binding 
sites in HMGB1. The luciferase reporter vectors HMGB1 
3'uTr-WT and HMGB1 3'uTr-MuT were then established 
and a dual‑luciferase reporter assay demonstrated a significant 

Figure 5. HMGB1 serves as a target for mir-93-5p. (a) mir-93-5p latent binding sites in HMGB1 as predicted by starBase v2.0. (B) dual-luciferase reporter 
assay was performed to determine the luciferase intensity in c28/i2 cells cotransfected with HMGB1 3'uTr-WT or HMGB1 3'uTr-MuT and mir-nc 
or mir-93-5p. (c) rT-qPcr or western blot analysis was employed to evaluate the levels of HMGB1 mrna and protein in the serum of osteoarthritis 
patients. The expression levels of HMGB1 mrna and protein in c28/i2 cells treated with lPS (0, 1, 5 and 10 µg/ml) were measured using (d) rT-qPcr or 
(e) western blot analysis. (F) The correlation between HMGB1 and mir-93-5p in the serum of osteoarthritis patients was analyzed via Pearson correlation 
analysis. (G) The effect of mir-93-5p on the expression of mir-93-5p of lPS-stimulated c28/i2 cells was assessed by rT-qPcr. The effect of mir-93-5p on 
the mrna and protein levels of HMGB1 mir-93-5p of lPS-stimulated c28/i2 cells was determined by (H) rT-qPcr or (i) western blot analysis. *P<0.05. 
HMGB1, high mobility groupprotein B1; uTr, untranslated region; WT, wild-type; MuT, mutant; mir, microrna; nc, negative control; rT-qPcr, reverse 
transcription-quantitative Pcr; lPS, lipopolysaccharide. 
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suppression of luciferase activity of HMGB1 3'uTr-WT in 
c28/i2 cells transfected with mir-93-5p compared with the 
negative control group, while HMGB1 3'uTr-MuT luciferase 
activity was not noticeably altered (Fig. 5B). in addition, 
the mRNA and protein levels of HMGB1 were significantly 
upregulated in the serum of osteoarthritis patients (Fig. 5c). 
The mRNA and protein levels of HMGB1 were significantly 
increased in lPS (5 µg/ml)-treated c28/i2 cells, implying that 
HMGB1 may be associated with lPS-induced osteoarthritis 
(Fig. 5d and e). a negative correlation was observed between 
mir-93-5p and HMGB1 in the serum of osteoarthritis patients 
(Fig. 5F). The introduction of miR‑93‑5p significantly upregu-
lated mir-93-5p in lPS-stimulated c28/i2 cells, whereas the 
introduction of anti-mir-93-5p downregulated mir-93-5p 
in lPS-stimulated c28/i2 cells (Fig. 5G). The mrna and 
protein levels of HMGB1 were suppressed by mir-93-5p 
introduction in lPS-stimulated c28/i2 cells, while these 
effects were reversed by mir-93-5p silencing (Fig. 5H and i). 
These findings revealed that miR‑93‑5p negatively regulated 
the expression of HMGB1 in lPS-stimulated c28/i2 cells.

HMGB1 increase abolishes miR‑93‑5p overexpression‑ 
mediated viability, apoptosis, inflammation responses and 
collagen degradation of LPS‑stimulated C28/I2 cells. To 
ascertain whether mir-93-5p-mediated viability, apoptosis and 
inflammation responses of LPS‑stimulated C28/I2 cells were 
dependent on HMGB1, the expression of HMGB1 was explored 
in lPS-stimulated c28/i2 cells transfected with mir-nc, 
mir-93-5p, mir-93-5p+pcdna or mir-93-5p+HMGB1. The 
results revealed that the mrna and protein levels of HMGB1 
were inhibited by mir-93-5p upregulation in lPS-stimulated 
c28/i2 cells, but this suppression was overturned by the 
addition of HMGB1 (Fig. 6a and B). a ccK-8 assay revealed 
that the enhanced mir-93-5p expression resulted in increased 
viability of LPS‑stimulated C28/I2 cells, whereas this influence 
was reversed by the upregulation of HMGB1 (Fig. 6c). Flow 
cytometry revealed that mir-93-5p overexpression served a 
repressive role in the apoptosis of lPS-stimulated c28/i2 cells, 
while this influence was restored by upregulation of HMGB1 
expression (Fig. 6d). overexpression of HMGB1 abolished the 
decrease of Bax and cleaved caspase-3 and the upregulation of 
Bcl-2 caused by mir-93-5p increase in lPS-stimulated c28/i2 
cells (Fig. 6e). in addition, the downregulation of il-6, il-1β, 
TnF-α and MMP13 and the upregulation of aggrecan in 
lPS-stimulated c28/i2 cells caused by mir-93-5p upregula-
tion were overturned by HMGB1 expression (Fig. 6F and G). 
PVT1 depletion significantly downregulated the mRNA and 
protein levels of HMGB1 in lPS-stimulated c28/i2 cells, but 
this reduction was recovered by the inhibition of mir-93-5p 
(Fig. 6H and i). The aforementioned data indicated that 
miR‑93‑5p mediated cell viability, apoptosis, inflammation 
responses and collagen degradation in lPS-stimulated c28/i2 
cells through HMGB1.

PVT1 silencing blocks the TLR4/NF‑κB pathway through 
the miR‑93‑5p/HMGB1 axis. The Tlr4/nF-κB pathway 
is associated with the secretion of pro-inf lammatory 
cytokines (29). Hence, the present study investigated whether 
the Tlr4/nF-κB pathway was involved in PVT1-mediated 
cell viability, apoptosis and inf lammation responses 

in lPS-stimulated c28/i2 cells. Western blot analysis 
demonstrated that lPS treatment promoted the protein 
levels of p-p65, Tlr4 and p-iκB-α in c28/i2 cells (Fig. 7a). 
inhibition of PVT1 reversed the increase of Tlr4, p-p65 and 
p-iκB-α proteins in c28/i2 cells induced by lPS. However, 
inhibition of mir-93-5p and HMGB1 upregulation abolished 
the suppressive impact of PVT1 suppression on p-p65, Tlr4 
and p-iκB-α protein expression levels in lPS-stimulated 
c28/i2 cells (Fig. 7B). additionally, the data indicated that 
lPS-induced PVT1 accelerated osteoarthritis by activating 
the Tlr4/nF-κB pathway through the mir-93-5p/HMGB1 
axis in C28/I2 cells (Fig. 7C). These findings indicated that 
PVT1 regulated the Tlr4/nF-κB pathway through the 
mir-93-5p/HMGB1 axis.

Discussion

osteoarthritis mainly affects the health of middle-aged and 
elderly people and its clinical manifestations include joint pain, 
deformity and dysfunction (30). LPS is a key pro‑inflammatory 
factor associated with the onset of osteoarthritis (31). Studies 
have revealed that lPS can be used to construct a cell injury 
model in vitro (32-34). The present study used 5 µg/ml lPS 
to construct a cell injury model in vitro. increasing evidence 
emphasizes the association of lncrnas with the progres-
sion of osteoarthritis and the probability that lncrnas 
function as therapeutic targets and biomarkers (8,9,35,36). 
exosomes can transport their loaded nucleic acids and 
proteins to recipient cells, thereby playing a central role in 
cell-to-cell communication (37). The present study revealed 
that exosomal PVT1 was upregulated in the serum of osteoar-
thritis patients and lPS-stimulated c28/i2 cells. in addition, 
PVT1 was upregulated in the serum of osteoarthritis patients 
compared with the healthy volunteers. notably, the exosomes 
of the serum of osteoarthritis patients and lPS-stimulated 
c28/i2 cells could enhance the expression of PVT1 in 
c28/i2 cells. li et al (13) revealed that PVT1 enhancement 
facilitates cell apoptosis in chondrocytes in osteoarthritis. 
a previous study stated that increased PVT1 expression 
expedites inflammation and aberrant metabolic dysfunction in 
il-β-induced chondrocytes (38). PVT1 is associated with the 
development of hyperglycemia-induced collagen degradation 
in chondrocytes (36). in the present study, inhibition of PVT1 
reversed the decrease of viability and the increase of apoptosis, 
inflammation responses and collagen degradation in C28/I2 
cells induced by lPS, implying that PVT1 acted as an unfavor-
able factor in osteoarthritis.

Previous studies suggest that PVT1 can be used as a 
sponge for mirnas to participate in the development of 
osteoarthritis (13,38,39). mir-93-5p-containing exosomes 
attenuated the myocardial injury caused by acute myocar-
dial damage (40). in addition, mir-93-5p was revealed to 
reverse the inflammatory and antiproliferative processes of 
neodymium oxide-induced human bronchial epithelial cell 
lines caused by circular rna 0039411 (19). Xue et al (20) noted 
that mir-93-5p was decreased in il-β-induced chondrocytes 
and human and rat osteoarthritis-affected cartilage and that 
introduction of mir-93-5p suppressed cell apoptosis, increased 
cell viability and maintained cell metabolism balance in 
il-β-induced chondrocytes. in the present study, mir-93-5p 
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Figure 6. mir-93-5p exerts its function in lPS-stimulated c28/i2 cells through HMGB1. lPS-stimulated c28/i2 cells were transfected with mir-nc, 
mir-93-5p, mir-93-5p+pcdna or mir-93-5p+HMGB1. The mrna and protein expression levels of HMGB1 in lPS-stimulated c28/i2 cells were assessed 
through (a) rT-qPcr or (B) western blot analysis. (c) a ccK-8 assay was performed to determine the viability of lPS-stimulated c28/i2 cells. (d) The apop-
tosis of LPS‑stimulated C28/I2 cells was detected by flow cytometry. (E) The protein levels of Bcl‑2, Bax and cleaved caspase‑3 in LPS‑stimulated C28/I2 cells 
were evaluated by western blot analysis. (F) eliSa was applied to analyze the levels of il-6, il-1β and TnF-α in lPS-stimulated c28/i2 cells. (G) Western 
blot analysis was performed to assess the protein levels of il-6, il-1β, TnF-α, aggrecan and MMP13 in the lPS-stimulated c28/i2 cells. (H) rT-qPcr or 
(i) western blot analysis was employed to detect HMGB1 mrna and protein expression levels in lPS-stimulated c28/i2 cells transfected with si-nc, si-PVT1, 
si-PVT1+anti-mir-nc and si-PVT1+anti-mir-93-5p. *P<0.05. mir, microrna; lPS, lipopolysaccharide; HMGB1, high mobility groupprotein B1; nc, nega-
tive control; rT-qPcr, reverse transcription-quantitative Pcr; il, interleukin; MMP, matrix metallopeptidase; si, short interfering rna. 
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was downregulated in the serum of osteoarthritis patients and 
lPS-stimulated c28/i2 cells. Furthermore, mir-93-5p was 
a target of PVT1. downregulation of mir-93-5p abolished 
PVT1 silencing‑mediated viability, apoptosis, inflammation 
responses and collagen degradation of lPS-stimulated c28/i2 
cells. These data implied that PVT1 mediated cell viability, 
apoptosis and inflammation responses in osteoarthritis 
through mir-93-5p.

HMGB1 is a member of the damage-associated molecular 
patterns (41). it is released from damaged or dead cells 
during tissue damage, necrosis, inflammation and hypoxia, 
resulting in a sustained inflammatory environment (42). 
The HMGB1-lPS complex accelerates the transformation 
of osteoarthritis synovial fibroblasts into the synovial fibro-
blast-like phenotype of rheumatoid arthritis (43). HMGB1 
has been revealed to promote cell apoptosis, nF-κB and the 
production of il-6, il-1β and TnF-α in lPS-induced chon-
drocytes (44). in addition, necrostatin-1 has been revealed 
to ameliorate il-1β-induced apoptosis and trauma-induced 
mouse osteoarthritis in primary mouse chondrocytes by 
inhibiting HMGB1/Tlr4/SdF-1 (45). inhibition of the tran-
scriptional activity of HMGB1 and the nF-κB pathway by 

BRD4 silencing can attenuate chondrocyte inflammation and 
catabolism (46). in the present study, HMGB1 was enhanced 
in the serum of osteoarthritis patients and lPS-stimulated 
c28/i2 cells. overexpression of HMGB1 abolished the 
decrease of viability and the increase of apoptosis, inflamma-
tion responses and collagen degradation in lPS-stimulated 
c28/i2 cells caused by mir-93-5p upregulation. in addition, 
PVT1 inhibition could block the HMGB1/Tlr4/nF-κB 
pathway through mir-93-5p. Therefore, the present study indi-
cated that PVT1 inhibition alleviated lPS-induced damage in 
osteoarthritis by blocking the HMGB1/Tlr4/nF-κB pathway 
through mir-93-5p.

in summary, PVT1 was upregulated in serum and serum 
exosomes of osteoarthritis patients, as well as lPS-stimulated 
c28/i2 cells. PVT1 inhibition enhanced viability and 
suppressed apoptosis, inflammation responses and collagen 
degradation of lPS-stimulated c28/i2 cells. Therefore, 
exosome-mediated PVT1 regulated lPS-induced osteoar-
thritis progression by modulating the HMGB1/Tlr4/nF-κB 
pathway via mir-93-5p. The present study aids to improve 
understanding of the role of PVT1 in osteoarthritis, providing 
a novel possible target for osteoarthritis treatment.

Figure 7. PVT1 modulates the Tlr4/nF-κB pathway via the mir-93-5p/HMGB1 axis. (a) effects of lPS on the expression of Tlr4, p-p65 and p-iκB-α 
proteins of c28/i2 cells were determined with western blot analysis. (B) The expression of Tlr4, p-p65 and p-iκB-α proteins in lPS-stimulated c28/i2 
cells transfected with si-nc, si-PVT1, si-PVT1+anti-mir-nc, si-PVT1+anti-mir-93-5p, si-PVT1+pcdna, or si-PVT1+anti-HMGB1. (c) The schematic 
presentation of the lPS/PVT1/mir-93-5p/HMGB1 axis in osteoarthritis. *P<0.05. PVT1, plasmacytoma variant translocation 1; Tlr4,Toll-like receptor 4; 
mir, microrna; HMGB1, high mobility groupprotein B1; lPS, lipopolysaccharide; p-, phosphorylated; iκBα, nF-κB inhibitor α; si, short interfering rna; 
nc, negative control. 
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