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Reduced miR‑519d‑3p levels in the synovium
and synovial fluid facilitate the progression of
post‑traumatic osteoarthritis by targeting VEGF
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Abstract. The
��������������������������������������������������
present study aimed to investigate the expres�
sion and clinical significance of miR‑519d‑3p in patients with
post‑traumatic osteoarthritis (PTOA). The levels of miR‑519d‑3p
in the synovium and synovial fluid (SF) of all subjects were
detected by reverse transcription‑quantitative polymerase chain
reaction. The results of the present study demonstrated that
the levels of miR‑519d‑3p in the synovium and SF of patients
with PTOA were significantly lower, but that the VEGF content
was significantly higher, compared with that of control group.
Dual‑luciferase reporter and Western blot assays demonstrated
that VEGF was a target gene of miR‑519d‑3p. Furthermore,
miR‑519d‑3p inhibitor‑induced cell apoptosis, and cell
cycle arrest could be partially reversed by silencing VEGF.
Additionally, the level of miR‑519d‑3p in the synovium and SF
of patients with PTOA was negatively correlated with the level
of VEGF. ROC analysis demonstrated that miR‑519d‑3p levels
in the synovium and SF could effectively differentiate patients
with PTOA from healthy controls, with areas under the ROC
curve of 0.928 and 0.896, respectively. In conclusion, reduction
of miR‑519d‑3p in the synovium and SF resulted in the upregu�
lation of VEGF in patients with PTOA, and miR‑519d‑3p may
be a potential therapeutic target of PTOA.
Introduction
Osteoarthritis (OA) is a type of degenerative arthropathy that
commonly occurs in weight‑bearing joints and is character�
ized by articular cartilage degeneration (1). Post‑traumatic
osteoarthritis (PTOA) is a complication of joint injury,
accounting for ~12% of OA, in which the knee joint is one of
the most commonly affected joints (2). Due to recent societal
technological advancements, traffic accidents and sports inju�
ries have increased (3). The incidence rate of PTOA is also
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increasing (4). At present, the early diagnosis of PTOA is diffi�
cult (5). Due to a lack of specific interventions, PTOA seriously
affects the daily life of patients (6). Therefore, investigation
into potential biomarkers of PTOA will aid in improving joint
function and the quality of life of patients with PTOA.
MicroRNAs (miRNAs) are important regulators of various
diseases via interactions with the 3'‑untranslated regions (UTRs)
of mRNAs (7). Increasing evidence has demonstrated the key
roles that miRNAs serve in the progression of OA (8,9). For
example, the level of miR‑16‑5p is significantly increased in
the chondrocytes of patients with OA compared with those of
healthy controls (10). Additionally, miR‑26a has been demon�
strated to inhibit the activation of the NF‑κB signaling pathway,
thereby alleviating synovial inflammation and cartilage injury
in rats with OA (11). These findings suggested that miRNAs
serve a critical role in cartilage homeostasis. In addition,
previous studies have indicated an important role of miR‑519
in the progression of various types of cancer, including breast
cancer, gastric cancer and nasopharyngeal carcinoma (12‑14).
However, whether miR‑519d‑3p is dysregulated in patients with
PTOA has not been previously reported.
In the present study, novel data are provided demonstrating
that decreased levels of miR‑519d‑3p in the synovium and joint
fluid promotes the progression of PTOA by inhibiting VEGF.
The diagnostic values of miR‑51d‑3p and VEGF were further
evaluated, which may shed light on the early prediction and
intervention of PTOA.
Materials and methods
Patient samples. Between January 2018 and December 2019,
104 patients with PTOA were enrolled at the Affiliated
Jianhu Hospital of Nantong University, with an average age of
52.30±9.97 (age range, 43‑63 years; 55 males and 49 females)
years. The inclusion criteria for patients with PTOA were as
follows: i) all patients met the diagnostic criteria of PTOA
according to clinical manifestations and imaging results and
ii) all patients had at least one injured knee joint (left or right).
The Kellgren‑Lawrence (KL) scale (grades 0‑4) was used to
determine the severity: grade 0, no radiographic features of
OA are present; grade 1, possible narrowing of the joint space
and osteophytic lipping; grade 2, definite osteophyte formation
and possible narrowing of the joint space; grade 3, moderate
osteophyte formation, definite narrowing of the joint space,
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some sclerosis and possible bone contour deformity; and
grade 4, large osteophytes, marked narrowing of the joint space,
severe sclerosis and definite bone contour deformity (15). Only
knee OA patients with KL grades of ≥2 were considered to
be significant and were subsequently enrolled. If a patient had
bilateral knee OA, the more affected knee was defined as the
study knee. The X‑ray was read by two orthopedic experts in
our hospital in a blinded manner. KL scale classification was
used to evaluate the imaging severity. The exclusion criteria
were as follows: non‑traumatic arthritis, rheumatoid arthritis,
suppurative arthritis, gout, diabetes or knee mechanical injury.
Synovial fluid (SF) was obtained from 106 knees of patients with
PTOA at the time of knee arthroscopy or total knee replace�
ment surgery. Human synovium was harvested from the knee
joints of patients during total knee arthroplasty. The synovium
and synovial tissue from knee joints donated voluntarily by
60 patients undergoing amputations (51.40±10.69 years; age
range, 40‑63 years; 33 males and 27 females) were obtained
during the same period. There was no previous history of
joint pain, joint activity restriction or joint swelling, no disease
affecting the synthesis or metabolism of bone or joints. Synovitis
and articular cartilage degeneration were excluded by the knee
joint examination before, during and after surgery. There were
no significant differences between the two groups regarding
age, sex or other general information. The present study was
approved by the Research Ethics Committee of the Affiliated
Jianhu Hospital of Nantong University, and all the participants
provided written informed consent to participate in this study.
Reverse transcription‑quantitative polymerase chain reaction
(RT‑qPCR). SF was obtained from 106 knees of patients with
PTOA at the time of knee arthroscopy or total knee replace�
ment surgery. Human synovium was harvested during total
knee arthroplasty from the knee joints of patients.
Next, 4 ml joint fluid was centrifuged at 2,000 x g for 12 min
at 4˚C. The supernatant was collected and stored at ‑80˚C for
examination. Total RNA was isolated from the joint fluid
samples (4 ml) or the synovium using RNAVzol LS (Vigorous
Biotechnology Beijing Co., Ltd.) according to the manufacturer's
protocol. The concentrations and purities of the RNA samples
were det er m i ne d by mea su r i ng t he opt ica l
density (OD) 260/OD280. RT‑qPCR was performed using the
TaqMan™ MicroRNA Reverse Transcription kit (Thermo
Fisher Scientific, Inc.) The PCR amplifications were performed
in a 12‑µl reaction system containing 6.0 µl custom RT primer
pool, 0.3 µl dNTP, 3.0 µl MultiScribe Reverse Transcriptase,
1.5 µl 10X RT buffer, 0.19 µl RNase Inhibitor, 1.01 µl
Nuclease‑free water. The temperature protocol used for RT was
as follows: 16˚C for 30 min, 42˚C for 30 min and 85˚C for 5 min,
followed by storage at 4˚C. qPCR was performed using
SYBR‑Green Supermix (Bio‑Rad Laboratories, Inc.). The PCR
amplifications were performed in a 10 µl reaction system
containing 5 µl SYBR‑Green Supermix, 0.4 µl forward primer,
0.4 µl reverse primer, 2.2 µl double distilled H2O and 2 µl
template cDNA. Thermocycling conditions were as follows:
95˚C for 10 min followed by 40 cycles of 95˚C for 15 sec and
60˚C for 1 min. Relative miRNA expression was normalized to
U6 using the 2 ‑∆∆Cq method (16). The primers used were
designed (17) and listed as follows: Universal stem‑loop miR‑545
reverse transcription primer, 5'‑GAAAGAAGGCGAGGAGC

AGATCGAGGAAGAAGACGGAAGAATGTGCGTCTCGC
CTTCTTTCAGTCATT‑3'; U6 reverse transcription primer,
5'‑CGCTTCACGAATTTGCGTGTCAA‑3'; miR‑545 PCR
primer forward, 5'‑GCTCAGTAAATGTTTATTAG‑3' and
reverse, 5'‑CGAGGAAGAAGACGGAAGAAT‑3'; U6 PCR
primer forward, 5'‑CTCGCTTCGGCAGCACATATACT‑3'
and reverse, 5'‑CGCTTCACGAATTTGCGTGTCAT‑3'.
Dual‑luciferase reporter assay. The possible target gene
of miR‑519d‑3p was predicted by TargetScan (http://www.
targetscan.org�����������������������������������������
/����������������������������������������
vert_72���������������������������������
/��������������������������������
). The 3'‑UTR of VEGF was ampli�
fied from the genomic DNA of human primary chondrocytes
using Platinum™ II Hot‑Start Green PCR Master Mix (2X;
Invitrogen; Thermo Fisher Scientific, Inc.). The PCR amplifi�
cations were performed in a 20 µl reaction system containing
4 µl 5X Platinum II PCR Buffer, 0.4 µl forward primer, 0.4 µl
reverse primer, 0.4 µl dNTP, 2.2 µl double‑distilled H2O and
2 µl template cDNA, 0.32 µl Platinum II Taq Hot‑Start DNA
Polymerase. Thermocycling conditions were as follows: Initial
denaturation at 94˚C for 2 min, followed by 30 cycles of
denaturation at 94˚C for 15 sec, annealing at 60˚C for 30 sec,
extension at 68˚C for 30 sec and storage at 4˚C. The mutant was
cloned using the Fast Mutagenesis System (TransGen Biotech).
The PCR amplifications were performed in a 50 µl reaction
system containing 10 ng genomic DNA (2 µl), 1 µl forward
primer, 1 µl reverse primer, 25 µl 2X TransStart FastPfu Fly
PCR SuperMix, 21 µl Nuclease‑free water. Thermocycling
conditions were as follows: Initial denaturation at 94˚C for
2 min, followed by 20 cycles of denaturation at 94˚C for 20 sec,
annealing at 55˚C for 20 sec, extension at 72˚C for 30 sec and 4˚C
forever. Next, the amplified PCR fragment of VEGF‑3'‑UTR
or VEGF‑3'‑UTR‑Mut was cloned into the pmirGLO plasmid
(Promega Corporation). The PCR products were ligated
with EcoRI/XhoI‑linearized pmiRGLO plasmid (Promega
Corporation) to construct plasmids (pmirGLO‑VEGF‑3'‑UTR,
pmirGLO‑VEGF‑3'‑UTR‑Mut). All the expression plasmids
were transformed into E. coli BL21(DE3) competent cells.
The plasmid was isolated using GenElute™ Plasmid small
quantity preparation kit (Thermo Fisher Scientific, Inc.).
293 cells were co‑transfected with miR‑519d‑3p mimic and
pmirGLO‑VEGF‑3'‑UTR, pmirGLO‑VEGF‑3'‑UTR‑Mut using
Vigofect transfection reagent (Vigorous Biotechnology Beijing
Co., Ltd.), according to the manufacturer's protocol. 293 cells
were seeded into 6‑well plates at a density of 106 cells/well. In
brief, 10 µl Vigofect transfection reagent was mixed with 100 µl
serum‑free culture. Meanwhile, 10 µl miR‑519d‑3p mimic
and pmirGLO‑VEGF‑3'‑UTR, pmirGLO‑VEGF‑3'‑UTR‑Mut
was mixed with the aforementioned mixture. Next, the two
mixtures were mixed and incubated at room temperature
for 10 min. Subsequently, the mixture was added to the
6‑well plate at a final concentration of 20 nM. Following
transfection for 48 h, the cells were collected for subsequent
experiments. A dual‑luciferase reporter assay was performed
using a Dual‑Luciferase Reporter Kit (Promega Corporation),
according to the manufacturer's protocol (18). The relative
luciferase activity was normalized to Renilla luciferase.
Enzyme‑linked immunosorbent assay (ELISA). The levels of
VEGF in the SF samples of all subjects were analyzed using a
Human VEGF ELISA Kit (cat. no. ab222510; Abcam).
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Cell culture and cell transfection. Human primary chondro�
cytes (HC‑a; cat. no. 4650) were purchased from ScienCell
Research Laboratories. The cells were cultured in a chondro�
cyte medium (ScienCell Research Laboratories; cat. no. 4651),
supplemented with 10% fetal bovine serum (FBS; Invitrogen;
Thermo Fisher Scientific, Inc.), streptomycin (100 mg/ml)
and penicillin (100 U/ml) at 37˚C in a humidified atmosphere
containing 5% CO2. Only cells within the fifth passage were
used for the subsequent experiments.
The siRNA, miR‑519d‑3p mimic, miR‑519d‑3p inhibitor and
respective negative control (NC) was purchased from Shanghai
GenePharma Co., Ltd. The sequences for siRNA, miR mimics
and miR inhibitors were as follows: si‑VEGF, 5'‑GGCCGC
CCAGGCUCCUG‑3'; si‑VEGF NC, 5'‑CCGAUAGGUUUAC
UGCCAAUU‑3'; miR‑519d‑3p mimic, 5'‑CCUCCAAAGGG
AAGCGCUUUCUGUU‑3'; miR‑519d‑3p mimic NC, 5'‑UUC
UCCGAACGUGUCACGU‑3'; miR‑519d‑3p inhibitor, 5'‑AAC
AGAAAGCGCUUCCCUUUGGAGG‑3'; miR‑519d‑3p inhib�
itor NC, 5'‑CGAUAGGUUUACUGCCAAU‑3'.
In brief, human primary chondrocytes cells were seeded
into 6‑well plates at a density of 5x106 cells/well. Subsequently,
the cells were transfected with the 20 nM siRNA, 20 nM
miR‑519d‑3p mimic, 20 nM miR‑519d‑3p inhibitor or respec�
tive 20 nM NC for 48 h using Hiperfect Transfection Reagent
(Qiagen) according to the manufacturer's protocols. In
brief, 12 µl Hiperfect Transfection Reagent was mixed with
100 µl serum‑free chondrocyte medium (ScienCell Research
Laboratories; cat. no. 4651). Additionally, 10 µl siRNA,
miR‑519d‑3p mimic, miR‑519d‑3p inhibitor or respective NC
was mixed with serum‑free chondrocyte medium. Next, the
two mixtures were mixed and incubated at room tempera�
ture for 15 min. Subsequently, the mixture was added to the
6‑well plate at a final concentration of 20 nM. Following
transfection for 48 h, the cells were collected for subsequent
experiments.
Cell apoptosis assay. Flow cytometry was performed
using a FITC/Annexin V Apoptosis Detection Kit I
(BD Pharmingen™) according to the manufacturer's proto�
cols. In brief, following transfection for 48 h, cells were
washed with PBS and resuspended in 100 µl annexin binding
buffer (1X), followed by incubation with 5 µl FITC Annexin V
and 5 µl PI working solution at room temperature for 15
min. Subsequently, 400 µl annexin binding buffer (1X) was
added to the mixture. Finally, the apoptosis rate of cells was
analyzed by flow cytometry using a BD FACSCalibur system
(LSRFortessa X‑20; BD Biosciences). Data were analyzed
using FCSalyzer v16.0.153 software (Huajun Software Park).
Cell cycle distribution assay. HC‑a cells (~1x106) were washed
twice with PBS and were fixed in 70% ice‑cold ethanol for 1 h
at room temperature. The samples were centrifuged at 300 x g
for 5 min at 4˚C. The ethanol was removed, and the cells were
exposed to 100 mg/ml RNaseA (Sigma‑Aldrich; Merck KGaA)
for 30 min at 37˚C. Cellular DNA was stained with propidium
iodide (Nanjing KeyGen Biotech Co., Ltd.) for 15 min at room
temperature. Cell cycle distributions were determined by flow
cytometry using a BD FACSCalibur system (BD Biosciences),
and data were analyzed using the ModFit software version 4.1
(Verity Software House, Inc.).
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Table I. Demographic characteristics of patients with PTOA
and HCs.
Variable
Age, years
Sex, M/F
BMI, kg/m2

PTOA (n=104)

HC (n=60)

P-value

52.30±9.67
55/49
25.30±1.50

51.40±10.69
33/27
24.68±1.33

0.21
0.37
0.43

PTOA, post-traumatic osteoarthritis; HCs, healthy controls; BMI, body
mass index.

Statistical analysis. Data were analyzed using SPSS software
(version 20.0; IBM Corp.). The relevant data were expressed
as the mean ± standard deviation. A Mann‑Whitney U test was
used to examine differences between two groups. One‑way
analysis of variance, followed by the Tukey's post hoc test, was
used to examine differences among multiple groups. Receiver
operating characteristic (ROC) curves were created, and the
areas under the curve (AUCs) were measured to further assess
the specificity and sensitivity of miR‑519d‑3p as a diagnostic
biomarker. Pearson's correlation was used to analyze the levels
of miR‑519d‑3p and VEGF in the synovium and SF of patients
with PTOA. P<0.05 was considered to indicate a statistically
significant difference.
Results
Demographic characteristics of patients with PTOA and
healthy controls. To begin with, the demographic data of
patients with PTOA and the healthy controls (HCs) were
analyzed. As shown in Table I, there were no significant
differences in age, sex or body mass index (BMI) between
patients with PTOA and HCs. Furthermore, the differences
among PTOA patients with K‑L grade I, grade II, grade III and
grade IV disease were compared. The results demonstrated
that no significant differences in age, sex or BMI were identi�
fied among these groups (Table II).
Decreased level of miR‑519d‑3p in the synovium and SF of
patients with PTOA. Next, the levels of miR‑519d‑3p were
analyzed in patients with PTOA and in HCs. Compared with the
control group, the level of miR‑519d‑3p in the synovium and SF
in the PTOA group was significantly decreased (Fig. 1A and B).
Decrease in miR‑519d‑3p in the synovium and SF of PTOA
patients with increased K‑L grades. The levels of miR‑519d‑3p
were also compared among PTOA patients with different K‑L
grades. As demonstrated in Fig. 2A, the levels of miR‑519d‑3p
in the synovium of patients in the grade III and IV groups
were significantly lower than those in the grade I and II
groups (Fig. 2A). By contrast, compared with the grade I
group, the levels of miR‑519d‑3p in the SF of the grade II, III
and IV groups were significantly lower (Fig. 2B).
VEGF is a target gene of miR‑519d‑3p. The target gene of
miR‑519d‑3p was subsequently analyzed based on TargetScan
(http://www.targetscan.org/vert_72/). A conserved binding
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Table II. Demographic characteristics of patients with PTOA with different KL grades.
Variable
Age, years
Sex, M/F
BMI, kg/m2

KL grade I (n=22)

KL grade II (n=28)

KL grade III (n=29)

KL grade IV (n=25)

P-value

54.73±11.07
11/11
25.52±2.02

51.57±10.33
13/15
25.19±1.94

52.16±11.08
14/15
25.27±1.96

51.60±7.69
12/13
25.29±1.85

0.56
0.47
0.58

PTOA, post-traumatic osteoarthritis; KL, Kellgren-Lawrence; BMI, body mass index.

Figure 1. Reverse transcription‑quantitative polymerase chain reaction analysis is performed to investigate the level of miR‑519d‑3p in patients with PTOA.
The level of miR‑519d‑3p in (A) synovium and (B) SF of the PTOA group was significantly lower than that in healthy controls. ***P<0.001 vs. controls.
SF, synovial fluid; PTOA, post‑traumatic osteoarthritis.

Figure 2. Reverse transcription‑quantitative polymerase chain reaction is used to detect the expression of miR‑519d‑3p in the synovium and SF of PTOA
patients with different KL grades. (A) The expression of miR‑519d‑3p in the synovium of patients in the grade II, III and IV groups was significantly lower than
that in the grade I group. (B) Compared with the grade I group, the expression levels of miR‑519d‑3p in the SF of the grade II, III and grade IV groups were
significantly decreased. *P<0.05, **P<0.01, ***P<0.001 vs. healthy controls. SF, synovial fluid; PTOA, post‑traumatic osteoarthritis.

site was identified in the 3'‑UTR of enhanced VEGF (Fig. 3A),
which has been suggested to be associated with OA
progression (19). Dual‑luciferase assays demonstrated that
miR‑519d‑3p significantly suppressed the relative luciferase
activity of pmirGLO‑VEGR‑3'‑UTR, but no change in
pmirGLO‑VEGR‑3'‑UTR‑Mut was observed (Fig. 3B). Next,
miR‑519d‑3p mimic was transfected into human primary
chondrocytes and RT‑qPCR demonstrated that the level of
miR‑519d‑3p was significantly increased following transfection

with miR‑519d‑3p mimic, compared with NC (Fig. 3C), indi�
cating successful transfection of miR‑519d‑3p mimic. Western
blot analysis demonstrated that overexpression of miR‑519d‑3p
significantly suppressed the expression of VEGF (Fig. 3D). By
contrast, transfection with miR‑519d‑3p inhibitor significantly
suppressed the level of miR‑519d‑3p compared with transfec�
tion with the NC (Fig. 3E). Meanwhile, transfection with an
miR‑519d‑3p inhibitor significantly enhanced the expression
of VEGF (Fig. 3F). Furthermore, the levels of VEGF were
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Figure 3. VEGF is a target gene of miR‑519d‑3p. (A) A conserved binding site was identified in the 3’‑UTR of VEGF. (B) Dual‑luciferase assay demonstrated
that miR‑519d‑3p significantly suppressed the relative luciferase activity of pmirGLO‑VEGR‑3’‑UTR. (C) Reverse transcription‑quantitative polymerase
chain reaction demonstrated that transfection with miR‑519d‑3p significantly increased the level of miR‑519d‑3p compared with transfection with the NC in
primary human primary chondrocytes. (D) Western blot analysis demonstrated that overexpression of miR‑519d‑3p significantly suppressed the expression
of VEGF. (E) Transfection with miR‑519d‑3p inhibitor significantly decreased the level of miR‑519d‑3p in primary human chondrocytes. (F) Inhibition of
miR‑519d‑3p enhanced the expression of VEGF. The level of VEGF was revealed to be increased in (G) synovium and (H) SF of the PTOA group compared
with the healthy controls. ***P<0.001 vs. control. UTR, untranslated region; NC, negative control; SF, synovial fluid; PTOA, post‑traumatic osteoarthritis; RLU,
relative luciferase units.

revealed to be increased in the synovium and SF of the PTOA
group, compared with that of the HC group (Fig. 3G and H).
miR‑519d‑3p inhibitor induces cell apoptosis, and cell cycle
arrest is mediated via VEGF. Articular cartilage is a tissue that
is nourished by SF (20). Increasing evidence has demonstrated
an interaction between the SF microenvironment and chon�
drocytes and its role in cartilage degradation in OA (21,22).

It is suggested that inflammatory synovial fluids of patients
with reactive arthritis result in apoptosis and cell death of
chondrocytes (21). Therefore, the effect of miR‑519d‑3p on the
apoptosis and cell cycle arrest of chondrocytes was investi�
gated. To further investigate whether miR‑519d‑3p is involved
in the development of OA via VEGF, a specific siRNA targeting
VEGF was selected. As demonstrated in Fig. 4A, transfec�
tion with si‑VEGF significantly decreased the expression of

6

GAO and XIA: miR-519d-3p INHIBITS PTOA BY TARGETING VEGF

Figure 4. miR‑519d‑3p inhibitor induces cell apoptosis, and cell cycle arrest is mediated via VEGF. (A) Western blot analysis demonstrated that silencing
VEGF significantly decreased the phosphorylation levels of VEGFR, AKT and mTOR, even in HC‑a cells transfected with the miR‑519d‑3p inhibitor. (B) Flow
cytometry demonstrated that inhibition of miR‑519d‑3p‑induced cell apoptosis could be partially reversed by silencing VEGF. (C) miR‑519d‑3p inhibitor
resulted in more cells at the G0 phase, but such effects could be abolished by knockdown of VEGF. *P<0.05, ***P<0.001 vs. as indicated. NC, negative control;
HC‑a, human primary chondrocytes.
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Figure 5. A negative correlation is identified between the expression of miR‑519d‑3p and VEGF in the synovium and SF of patients with PTOA. Pearson's
correlation analysis demonstrated that the level of miR‑519d‑3p in the (A) synovium and (B) SF of patients with PTOA was negatively correlated with the
VEGF content. SF, synovial fluid; PTOA, post‑traumatic osteoarthritis.

Figure 6. Receiver operating characteristic curve analysis was performed to evaluate the diagnostic value of miR‑519d‑3p in the synovium and SF of patients
with PTOA. The diagnostic value of miR‑519d‑3p and VEGF mRNA in the (A) synovium and (B) SF was investigated in patients with PTOA. SF, synovial
fluid; PTOA, post‑traumatic osteoarthritis.

VEGF compared with the NC. Meanwhile, the silencing of
VEGF significantly decreased the phosphorylation levels of
VEGFR, AKT and mTOR, even in HC‑a cells transfected
with the miR‑519d‑3p inhibitor. Furthermore, the silencing of
VEGF decreased HC‑a cell apoptosis and induced cell divi�
sion (Fig. 4B and C). By contrast, inhibition of miR‑519d‑3p
resulted in more cell apoptosis and in the initiation of cell
cycle arrest in G0 phase, compared with transfection with the
NC (Fig. 4B and C). However, such effects could be reversed in
HC‑a cells transfected with si‑VEGF (Fig. 4B and C).
Negative correlation between the level of miR‑519d‑3p
and VEGF in the synovium and SF of patients with PTOA.
Pearson's correlation analysis demonstrated that the levels of
miR‑519d‑3p in the synovium and joint fluid of patients with

PTOA were negatively correlated with the contents of VEGF
(r =‑0.701, ‑0.686, P<0.05; Fig. 5A and B).
Diagnostic value of miR‑519d‑3p and VEGF in the synovium
and SF of patients with PTOA. The ROC curve analysis
demonstrated that the AUC of VEGF in the synovium was
0.857 (95% CI: 0.804‑0.911). When the cut‑off value was
0.855, the sensitivity and specificity were 83.7 and 71.8%,
respectively (Fig. 5A). The AUC of miR‑519d‑3p in the diag�
nosis of PTOA was 0.928 (95% CI: 0.894‑0.962). When the
cut‑off value was 1.306, the sensitivity and specificity were
78.8 and 93.3%, respectively. The AUC of the combined use
of VEGF and miR‑519d‑3p was 0.954 (95% CI: 0.928‑0.981),
with a sensitivity and specificity of 90.4 and 90.4%, respec�
tively (Fig. 6A).
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By contrast, the AUC of miR‑519d‑3p in SF was 0.896
(95% CI: 0.869‑0.950). When the cut‑off value was 1.492,
the sensitivity and specificity were 83.7 and 87.5%, respec�
tively (Fig. 6B). The AUC of VEGF was 0.830 (95% CI:
0.774‑0.886). When the cutoff value was 0.785, the sensi�
tivity and specificity were 67.3 and 84.6%, respectively.
Furthermore, the combined AUC of the two was 0.963
(95% CI: 0.941, 0.986), with a sensitivity and specificity of
93.3 and 88.5%, respectively (Fig. 6B). These observations
suggested that miR‑519d‑3p in the synovium and SF may be a
useful biomarker in the diagnosis of patients with PTOA.
Discussion
PTOA is mainly caused by trauma and is characterized by
joint pain and biomechanical dysfunction (23). With the devel�
opment of PTOA, disability develops and may seriously affect
the quality of life of patients (1). At present, it remains difficult
to diagnose and evaluate the disease in the early stages (24).
MiRNAs are suggested to be associated with the processes
involved in OA pathogenesis, including cartilage homeostasis,
extracellular matrix regulation, endochondral ossification,
bone metabolism and angiogenesis (25,26). In the present
study, the levels of miR‑519d‑3p in the synovium and SF of
patients with PTOA were significantly lower than those of the
control group. Furthermore, the levels of miR‑519d‑3p in the
synovium and SF of patients with PTOA decreased with an
increasing KL grade. The results indicated that the downregu�
lation of miR‑519d‑3p may contribute toward the development
and progression of PTOA. Therefore, the upregulation of
endogenous miR‑519d‑3p function could be an alterna�
tive therapeutic approach for PTOA prevention and treatment.
Abnormal expression of miR‑519 has been widely reported
in various tumor types (14,27). For example, in several human
carcinoma cell lines, including HeLa (cervical), HCT116
(colon), RKO (colon) and A2780 (ovarian), miR‑519 has been
shown to suppress cell proliferation by targeting HuR (27).
In nasopharyngeal carcinoma cells, miR‑519 suppresses
cell proliferation by inhibiting URG4 (14). The present
study provided novel data suggesting that VEGF is a target
gene of miR‑519d‑3p. VEGF is a typical cytokine that may
serve a key role in a variety of inflammatory pathways and
angiogenesis (19). The overexpression of VEGF may cause
long‑term inflammatory effects and cartilage destruction
of the synovium (28). In addition, VEGF may participate in
rheumatoid arthritis, ankylosing spondylitis, OA and other
inflammatory conditions (29). In support of these observa�
tions, the levels of VEGF in the synovium and SF of patients
with PTOA were significantly higher than in the controls,
suggesting that VEGF in the synovium and SF may participate
in the occurrence and development of PTOA. Furthermore,
miR‑519d‑3p was negatively associated with VEGF expression
in the synovium and SF of patients with PTOA, suggesting
the possible involvement of miR‑519d‑3p and VEGF in the
pathogenesis of PTOA.
Apoptosis is a highly regulated cell death process that is
extensively involved in the development, homeostasis and aging
of various processes (30,31). As the most common chronic joint
disease in the elderly population, OA is characterized by the
progressive destruction of articular cartilage (32,33). Previous

studies have indicated that chondrocyte apoptosis is correlated
with the severity of OA (34,35). In the present study, the effects
of miR‑519d‑3p on chondrocyte apoptosis via VEGF were eval�
uated. The results demonstrated that silencing VEGF decreases
chondrocyte apoptosis and induces cell division compared
with the NC. By contrast, inhibition of miR‑519d‑3p induces
HC‑a cell apoptosis and cell cycle arrest. However, such effects
could be eliminated by the knockdown of VEGF. These results
suggested that the inhibition of miR‑519d‑3p induces chondro�
cyte apoptosis and cell cycle arrest by targeting VEGF.
To evaluate the diagnostic role of miR‑519d‑3p in PTOA,
an ROC curve was constructed. The AUCs of miR‑519d‑3p in
the synovium and SF were 0.954 and 0.963, respectively, with
sensitivities of 90.4 and 93.3%, respectively. This suggests that
miR‑519d‑3p and VEGF levels in the synovium and SF have
diagnostic value for PTOA. However, there are certain limita�
tions to the present study. To begin with, the sample size of this
study was small, and the results need to be further confirmed
with a larger sample size. Additionally, the present study did
not investigate other possible target genes of miR‑519d‑3p
that may also affect the pathogenesis of PTOA. Furthermore,
whether the dose of miR‑519d‑3p under pathological conditions
(reduction of ~0.5‑fold) can inhibit the progression of PTOA
has not been confirmed. In future studies, an animal model
of PTOA will be established and administrate normal doses
of miR‑519d‑3p mimic to elucidate this issue. Additionally,
the present study investigated the decrease in miR‑519d‑3p in
the apoptosis and cell cycle arrest of human primary chon�
drocytes. To further prove that the decrease in miR‑519d‑3p
in synovial membrane and SF resulted in the upregulation of
VEGF of patients with PTOA, it is necessary to investigate
the effect of miR‑519d‑3p on synoviocytes and to evaluate its
functional role in the SF microenvironment.
In conclusion, the present study demonstrated that the
decrease in miR‑519d‑3p levels in the synovium and SF results
in the upregulation of VEGF in patients with PTOA, and the
combined use of miR‑519d‑3p and VEGF may improve the
early diagnosis of PTOA.
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