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Abstract

Objective: To investigate the roles of and relationship between microRNA (miR)-330-3p and

S100 calcium-binding protein B (S100B) in an animal model of cartilage injury.

Methods: This study included 30 New Zealand male rabbits randomly divided into three groups:

an intervention group, a model group and a sham surgery control group. Modelling was per-

formed in the intervention and model groups, but in the sham surgery group, only the skin was

cut. After modelling, the intervention and model groups were injected with the miR-330-3p

overexpression vector GV268-miR-330-3p or the control GV268-N-ODN vector, respectively,

twice a week for 7 weeks.

Results: Levels of interleukin-1b and tumour necrosis factor-a in the synovial fluid were signif-

icantly higher in the model group than in the intervention and control groups. The level of miR-

330-3p in the cartilage tissue was significantly higher in the control group than in the model group

but it was significantly lower compared with the intervention group. Levels of S100B, fibroblast

growth factor receptor 1 and fibroblast growth factor-2 in the cartilage tissue of rabbits in the

model group were significantly higher compared with the control and intervention groups.

Conclusion: These findings demonstrate that the upregulation of miR-330-3p can inhibit the

expression of S100B.
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Introduction

The primary role of articular cartilage is to
reduce friction between the articular surfa-
ces during movement.1 Sprains and weight
overload can cause damage to cartilage and
subchondral bone.2 Research has shown
that a lack of blood supply and neuromo-
dulation lead to insufficient self-repair of
cartilage joints.3 Other research has shown
that when the diameter of the cartilage
injury is >6mm, the bone wall and articular
cartilage around the injury are subsequently
damaged.4 Such damage is observed in
patients with severe conditions, eventually
leading to osteoarthritis (OA).5

The incidence of OA in patients aged
>55 years is >44%.6 OA can seriously
affect the patient’s quality of life.7 At pre-
sent, the clinical treatments of OA mainly
focus on joint replacement. Although this
approach has good clinical efficacy, it
often increases the mental and economic
burdens of patients.8 Therefore, blocking
cartilage injury with preventive treatment
is a far superior option.

MicroRNAs (miRNAs) are transcribed
into primary miRNAs by RNA polymerase
II in the nucleus.9 They are then processed
into stem-loop structure precursor miRNAs
of 60–100 nucleotides (nts) in length and
transported to the cytoplasm where they
are cleaved into mature miRNAs by
Dicer.10 miRNAs can inhibit the translation
and transcription of target genes by binding
to the 30 untranslated regions (UTR) of
their target gene mRNAs.11 S100 calcium-
binding protein B (S100B) is an important
member of the S100 calcium-binding pro-
tein family.12 S100B is closely associated
with proliferation, apoptosis and differenti-
ation.13 A previous study found that S100B
can regulate the inflammatory response
during OA through fibroblast growth
factor receptor 1 (FGFR1) signalling.14

Since inflammatory processes play a fun-
damental role in the damage of articular

tissues, many in vitro and in vivo studies
have examined the contribution of compo-
nents of the nuclear factor-jB (NF-jB) sig-
nalling pathway to the pathogenesis of
various cartilage injury, in particular, of
OA.15 The NF-jB signalling network is an
important component of miRNA and S100
signalling in cartilage injury.16 NF-jB inhi-
bition is a rational objective in the treat-
ment of rheumatic diseases such as OA.17

Nonsteroidal anti-inflammatory drugs,
nutraceuticals, natural products, probiotics
and chondroitin sulfate have been shown to
decrease NF-jB activation and proinflam-
matory cytokines.18,19

The study used the online the target gene
software Targetscan to determine that miR-
330-3p may target a gene that binds to
S100B. The aim of the present study was
to investigate the expression and related
mechanisms of miR-330-3p and S100B in
an animal model of cartilage damage
caused by osteoarthritis in order to identify
potential therapeutic targets for the clinic.

Materials and methods

Animals

A total of 30 New Zealand male rabbits
(China Jinan Jinfeng Experimental Animal
Co., Ltd. Jinan, China) aged 4 months and
weighing 3.5� 0.3 kg were included in the
study. After purchase, they were transferred
to the animal laboratory and kept in sepa-
rate cages for 1 week. The animals were
kept way from sources of strong light and
loud noises. They were maintained under a
12-h light/12-h dark cycle and had free
access to food and water. All applicable
international, national and/or institutional
guidelines for the care and use of animals
were followed, including the Guidelines for
Ethical Conduct in the Care and Use of
Animals Developed by the American
Psychological Association’s Committee on
Animal Research and Ethics (CARE).20
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This study was approved by the Ethics
Committee of Beijing Ditan Hospital,
Capital Medical University, Beijing, China
(no. NCT02156327).

Animal model

The New Zealand rabbits were fasted for
12 h and then anaesthetized with urethane
(200 g/l, 5ml/kg) from the ear vein before
modelling. They were divided into three
groups according to a random number
table, with 10 rabbits in each group: the
intervention group, the model group and
the sham surgery group. A cartilage injury
model was established in the intervention
and model groups.21 The specific protocol
was as follows. The right hind limbs were
prepared under aseptic conditions. The
knee joint was longitudinally cut 2 cm out-
side the tibia and the tissues were peeled off
layer-by-layer until the femoral trochlear
joint surface was exposed. A cartilage
defect with a radius of 2mm and a depth
of 3mm was established using a surgical
drill. In the sham surgery group, the femo-
ral trochlear joint surface was only exposed
without inducing injury. Isotonic water was
used to clean the wounds in all groups
before suturing each layer. After the opera-
tion, each rabbit was kept in a separate cage
and was free to drink and eat ad libitum.
After modelling, continuous intramuscular
injections of 4� 106 U penicillin was used
for 1 week.

A eukaryotic overexpression vector
GV268-miR-330-3p was developed and
injected 1 week after the operation in the
intervention group. The modelling method
was used as previously described.22 The
joint cavity was injected with GV268-
independent sequence (control GV268-
N-ODN; 15 lg of plasmid DNA dissolved
in 0.5ml of isotonic saline) in the model
group and 0.5ml of isotonic saline in the
control group. Infusions were performed
twice a week for 7 weeks and the synovial

fluid was collected at the end of the 8th

week. The rabbits were then anaesthetized

with urethane (200 g/l, 5ml/kg) and sacri-

ficed by air embolization. The cartilage

samples around the injured area were col-

lected and divided into two parts: one part

was used for polymerase chain reaction

(PCR) analysis and the other was used for

Western blot analyses.

ELISA detection

The collected synovial fluid was centrifuged

at 2200� g for 10min at 30�C using an

Heraeus MegafugeTM 16 centrifuge

(Thermo Fisher Scientific, Rockford, IL,

USA) and the supernatant was collected.

The supernatant was used for interleukin

(IL)-1b (ab255730; AbcamVR , Cambridge,

MA, USA) and tumour necrosis factor

(TNF)-a (ab31908; AbcamVR ) enzyme-

linked immunosorbent assay (ELISA)

detection. 100 ml of kit standard or synovial

fluid sample was added to each well of a

primary antibody-coated microplate from

the kit. The samples were incubated for

2.5 h at room temperature. Then 100 ml of
prepared biotinylated secondary antibody

was added to each well and incubated for

1 h at room temperature. Then 100 ml of

streptavidin solution was added to each

well and incubated for 45min at room tem-

perature, followed by 100 ml of TMB One-

Step Substrate Reagent to each well. The

samples were incubated for 30min at

room temperature. Then 50 ml of Stop

Solution was added to each well. A multi-

functional microplate reader (Tecan

M1000; Tecan, M€annedorf, Switzerland)

was used to measure the absorbance at a

wavelength of 450nm. Three sets of wells

were used for each condition and the

entire experiment was performed in tripli-

cate. Theminimum detectable concentra-

tions were 4.2 pg/ml for IL-1b and

4.8 pg/ml for TNF-a. Intra- and interassay
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coefficients of variation for all ELISAs

were <8% and <12%, respectively.

Western blot analyses

Total protein was extracted from 10 g of

rabbit cartilage tissue using the RIPA lysis

method (Shanghai Murphy, Shanghai,

China). The protein concentration was

determined using a BCA method kit

(Shanghai Murphy). The proteins (0.5–

17.5 mg per lane) were separated using

12% sodium dodecyl sulphate–polyacryl-

amide gel electrophoresis at 75V for

30min and then transferred to polyvinyli-

dene fluoride membranes using electroblot

apparatus at 80 V for 1 h (iBindTM Western

Device; Thermo Fisher Scientific). The

membranes were blocked using 2% bovine

serum albumin (Thermo Fisher Scientific)

at 30�C for 2 h, followed by incubation

with the primary antibody (1:1000 dilution

in Tris-buffered saline-Tween 20 [TBST;

Thermo Fisher Scientific] pH 7.6; mouse/

rat CD31/PECAM-1 antibody AF3628;

R&D Systems, Minneapolis, MN, USA)

for 2 h at 37�C. The membranes were

washed three times with TBST (pH 7.6) at

22�C. Horseradish peroxidase-labelled goat

anti-mouse secondary antibody (1:5000

dilution) was then added and the mem-

branes were incubated at 37�C for 1 h and

subsequently washed three times with

TBST (pH 7.6) for 5min each time.

Enhanced chemiluminescence reagent

(ab65623; AbcamVR ) was then added and it

was allowed to develop in a dark room. The

protein bands were scanned using a GS-900

Calibrated densitometer (Bio-Rad,

Hercules, CA, USA) and the grey values

were analysed using the Quantity OneVR

software (version 4.6; Bio-Rad).

PCR analysis

Total RNA was extracted from 5ml rabbit

serum and 1 g cartilage tissue using

TRIzolVR reagent (Thermo Fisher
Scientific). The purity, concentration and
integrity of the total RNA were measured
using UV spectrophotometry and agarose
gel electrophoresis. cDNA was synthesized
using the miScript II RT kit (Qiagen,
Toronto, Canada) as per the manufac-
turer’s instructions. The mature miR-
330-3p expression level was quantified
through quantitative real-time PCR using
the mi-Script SYBR Green PCR kit
(Qiagen) and miScript Primer Assay for
SNORD61 and miR-330-3p (Qiagen) on
the StepOnePlus Real-time PCR system
(Life Technologies, Burlington, Canada).
For gene expression, RNA was extracted
using the RNeasy Mini kit (Qiagen) and
cDNA synthesized using Omniscript RT
kit (Qiagen) as per the manufacturer’s
instructions. The expression levels were
quantified through quantitative real-time
PCR using the QuantiTect SYBR Green
PCR kit (Qiagen) on the StepOnePlus
Real-time PCR system. The amplification
conditions were as follows: 35 cycles of
denaturation at 94�C for 1min, annealing
at 60�C for 1min, chain extension at 72�C
for 1min, and a final extension step at 72�C
for 10min. MicroRNA expression levels
were calculated using the comparative Ct
method via StepOne Software (Life
Technologies). The procedure was strictly
conducted in accordance with the manufac-
turer’s instructions. Three replicate wells were
used for each sample and the entire experi-
ment was performed in triplicate. U6 was
used as an internal reference control. Data
were analysed using the 2�Dct method.
miR-330-3p primers and lentiviral vector
were synthesized by Shanghai Shenggong
Biotechnology (Shanghai, China) (Table 1).

Target gene prediction and dual
luciferase assay

The online target gene prediction software
Targetscan was used to identify a miRNA
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that can bind S100B as a target gene.23 The

30 UTRs of the wild type (S100B-WT) and

mutant (S100B-MUT) forms of S100B were

cloned and inserted downstream of the luc2

firefly luciferase gene of the pmiRGLO

vector. Then these were co-transfected

with the miR-330-3p-agomiR into 293T

cells (American Type Culture Collection,

Manassas, VA, USA). The 293T cells were

maintained in Dulbecco’s modified Eagle’s

medium (DMEM) supplemented with 10%

fetal bovine serum and 1% penicillin/strep-

tomycin at 37�C in 5% CO2. The 293T cells

were seeded a day prior to transfection at a

density of 1� 105 cells/ml in 1ml of com-

plete growth medium in each well of a

12-well tissue culture plate. DNA plasmids

were incubated in serum-free DMEM com-

plexed with Lipo2000 reagent at a ratio of

1:3 for 15min and then added to cells.

Equal total amounts of DNA were used in

each transfected well by increasing total

DNA with the appropriate empty vector

plasmids. At 48 h after transfection, the

293T cells were lysed and the luciferase

activity was measured using a dual lucifer-

ase assay kit (Promega, Madison, WI,

USA). The luciferase activity of firefly and

Renilla was measured by a microplate

reader and standardized with Renilla

luciferase.

Statistical analyses

All statistical analyses were performed

using IBM SPSS Statistics for Windows,

Version 20.0 (IBM Corp., Armonk, NY,

USA) and GraphPad Prism 7 (Graphpad

Software Inc., San Diego, CA, USA) was

used to visualize the data. The categorical

data are presented as frequencies (%) and

compared using v2-test. The continuous

data are presented as mean�SD and com-

pared using an independent sample t-test.

Comparisons among the groups were

analysed using analysis of variance and

the Bonferroni test. The least significant

difference t-test was used to test pairwise

comparisons after the event. The Pearson

correlation coefficient was used to test the

relationship between miR-330-3p and

S100B. A P-value of <0.05 was considered

statistically significant.

Results

The levels of IL-1b and TNF-a in the syno-

vial fluid from the three groups of rabbits as

measured by ELISA were significantly

higher in the model group than in the inter-

vention and control groups (P< 0.05 for all

comparisons) (Table 2).

Table 2. Comparison of the levels of interleukin
(IL)-1b and tumour necrosis factor (TNF)-a in the
synovial fluid from each group of rabbits.

Group IL-1b, pg/ml TNF-a, pg/ml

Control group 19.84� 3.05 117.29� 20.88

Model group 59.72� 7.69a 372.93� 42.34a

Intervention

group

28.25� 4.88a,b 159.54� 25.74a,b

F-value 143.708 194.845

Statistical

significancec
P< 0.001 P< 0.001

Data presented as mean� SD.
aCompared with the control group, P< 0.05; bcompared

with the model group, P< 0.05.
cCompared using an independent sample t-test.

Table 1. Primer sequences used for the polymerase chain reaction analysis.

Gene Upstream primer Downstream primer

miR-330-3p 50-GCCAACAATATCCTGGTGCTG-30 50-CAGTGCAGGGTCCGAGGTAT-30

U6 50-CTCGCTTCGGCAGCACATA-30 50-CGAATTTGCGTGTCATCCT-30
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The levels of miR-330-3p in the cartilage

tissue from the three groups of rabbits as

measured by PCR analysis were significant-

ly higher in the control group compared

with the model group, but this level was

significantly lower compared with the inter-

vention group (P< 0.001 for both compar-

isons) (Figure 1). The level of miR-330-3p

in the cartilage tissue was significantly

higher in the intervention group compared

with the model group (P< 0.001).

The levels of S100B, FGFR1 and FGF-2
in the cartilage tissue from the three groups
of rabbits as measured by Western blot
analysis were significantly higher in the
model group compared with the control
and intervention groups (P< 0.05 for all
comparisons) (Table 3). There were no sig-
nificant differences in the levels of S100B,
FGFR1 and FGF-2 between the interven-
tion and control groups.

An analysis of the correlation between the
levels of miR-330-3p and S100B in
the intervention and model groups
demonstrated an inverse correlation between
miR-330-3p and S100B in both groups
(model group: r¼�0.713, P¼ 0.016; inter-
vention group: r¼�0.735, P¼ 0.016)
(Table 4). A dual luciferase assay was used
to determine the targeting relationship
between miR-330-3p and S100B. The results
demonstrated that miR-330-3p-agomiR sig-
nificantly inhibited the fluorescence activity
of S100B-WT (Figure 2), indicating that
miR-330-3p targets and regulates S100B.

Figure 1. The levels of microRNA (miR)-330-3p
in the cartilage tissue from each group of rabbits as
measured by polymerase chain reaction analysis.
Data presented as mean� SD. ***P< 0.001;
independent sample t-test.

Table 3. The levels of S100 calcium-binding protein B (S100B), fibroblast growth factor receptor 1 (FGFR1)
and fibroblast growth factor 2 (FGF-2) in the cartilage tissue from each group of rabbits as measured by
Western blot analysis.

Group S100B FGFR1 FGF-2

Control group 0.537� 0.104 0.842� 0.142 0.725� 0.102

Model group 0.834� 0.184a 1.342� 0.284a 1.251� 0.173a

Intervention group 0.584� 0.112b 1.026� 0.181b 0.805� 0.125b

F-value 13.363 14.363 43.067

Statistical significancec P< 0.001 P< 0.001 P< 0.001

Data presented as mean� SD.
aCompared with the control group, P< 0.05; bcompared with the model group, P< 0.05.
cCompared using an independent sample t-test.

Table 4. Correlation analysis between the levels
of microRNA (miR)-330-3p and S100 calcium-
binding protein B (S100B).

Group r-value P-value

Intervention group �0.735 P¼ 0.016

Model group �0.731 P¼ 0.016
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Discussion

Cartilage injury is normally caused by
trauma.24 The prevalence of cartilage
injury is approximately 5% in the general
population.25As cartilage tissue is integrat-
ed with vascular structures, its ability for
self-repair is limited.26 If the cartilage

injury occurs without prompt treatment,
the patient may develop OA, or traumatic
arthritis, the most common of which is
OA.27,28In the early stages of OA, clinicians
mainly prescribe analgesics and anti-
inflammatory drugs.29 However, this only
relieves the pain and does not prevent dis-
ease progression.30 Joint replacement sur-
gery is therefore a means to treat patients
with the advanced OA.31 If treatment inter-

vention can be performed immediately after
cartilage injury, the mental and economic
burdens on patients can be reduced and
their quality of life can be improved.32

This study measured the levels of miR-

330-3p, S100B, FGFR1, FGF-2, TNF-a
and IL-1b in cartilage tissue and synovial
fluid of a rabbit model with cartilage
injury. The levels of TNF-a and IL-1b in
the synovial fluid of each group were mea-
sured using ELISA. As a mononuclear
factor, TNF-a is produced by monocytes
and macrophages.33 TNF-a is found in
infections, burns and malignant tumours.34

Research has shown that TNF-a plays an

important role in bone destruction.35 It is
also involved in the pathological processes
of various forms of arthritis and interven-
tion at the level of TNF-a can inhibit the
progression of arthritis.36 IL-1b and IL-17
are members of the interleukin family.37

IL-1b acts as a pro-inflammatory cyto-
kine.38 When tissue is damaged or local
oedema occurs, the level of IL-1b in the
body increases rapidly.39 Research has
shown that IL-1b levels increase rapidly
after bone injury.40 The present study dem-
onstrated that the levels of TNF-a and IL-
1b in synovial fluid increased significantly
following cartilage injury. This was likely
because periosteal cells continue to engulf
the cartilage destruction products in the
synovial fluid after cartilage injury.41 This
causes a large amount of various inflamma-
tory mediators to be secreted, leading to
chronic inflammation.41 At the same time,
periosteal cells themselves can also secrete
inflammatory mediators, further aggravat-
ing the inflammation.41

This current study also measured the
levels of FGFR1, FGF-2 and S100B. As a
transmembrane protein that regulates
development, FGFR1 has an effect on the
development of osteoblasts at different
stages by binding to ligands.42 Pericellular
FGF-2 binds to perlecan, which is the hep-
aran sulphate proteoglycan that sequesters
FGF-2 in articular cartilage, where it

Figure 2. The target binding sites and mutation sites of microRNA (miR)-330-3p and S100 calcium-binding
protein B (S100B) (a). Dual luciferase assay analysis of miR-330-3p and S100B targeted binding in 293T cells co-
transfected with miR-330-3p-agomiR or NC-agomiR with S100B-wild type (S100B-WT) or S100B-mutant
(S100B-MUT) (b). Data presented as mean� SD. *P< 0.05; independent sample t-test.
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appears to play a functional role in chon-
drocyte mechanotransduction.43 The role of
FGF-2 is controversial in both articular
and intervertebral disc (IVD) cartilage as
it has been associated with species- and
age-dependent anabolic or catabolic
events.44 FGF-2 selectively activates
FGFR1 to exert catabolic effects in
human articular chondrocytes and IVD
tissue via upregulation of matrix
degrading enzyme production, inhibition
of extracellular matrix accumulation and
proteoglycan synthesis.44 In contrast, the
administration of basic FGF into cartilagi-
nous defects promotes the differentiation of
chondrocytes and their matrix synthesis.45

Research has shown that FGF-2 activation
can promote the proliferation of bone
marrow mesenchymal stem cells through
the PI3K/Akt pathway, which can acceler-
ate cartilage differentiation.46 S100B
belongs to the S100 calcium-binding protein
family and plays an important role in cell
differentiation, proliferation and apopto-
sis.47 Research has shown that other S100
calcium-binding protein family members,
S100A4, S100A8 and S100A11, are all
involved in the process of articular cartilage
repair.48 This current study demonstrated
that the levels of the FGFR1, FGF-2 and
S100B proteins were significantly higher in
the model group than in the control group,
suggesting that the expression level of the
S100B upstream target gene might be regu-
lated to promote repair.

MicroRNAs are small non-coding
RNAs of 21–25 nts in length.49 The
mRNAs of their targets can be degraded
or translation of the protein can be inhib-
ited when the miRNA is bound to the
30-UTR of the target gene.50 miR-330-3p
is located on human chromosome 19.51

Studies have shown that it has differential
expression in a variety of digestive tract
tumuors.52,53 In this current study,
Targetscan target gene prediction software
was used to identify S100B as having a

target site that could bind to miR-330-3p.

Subsequently, a eukaryotic overexpression

vector GV268-miR-330-3p was developed

and injected into the animal models over 7

weeks. The level of miR-330-3p was signif-

icantly higher in the intervention group

versus the control and model groups. The

level of miR-330-3p was significantly lower

in the model group compared with the con-

trol group. This indicated that miR-330-3p

was expressed at low levels in injured carti-

lage tissues. The levels of FGFR1, FGF-2

and S100B protein were significantly lower

in the intervention group compared with

the model group, but there were no signifi-

cant differences compared with the control

group. The levels of TNF-a and IL-1b in

the synovial fluid were significantly higher

in the intervention group compared with

the control group and significantly lower

compared with the model group. There was

an inverse correlation between miR-330-3p

and S100B levels. The dual luciferase assay

confirmed that S100B and miR-330-3p have

a targeted regulatory relationship.
This current study had several limita-

tions. First, the study did not specifically

determine whether miR-330-3p binds

directly to S100B in order to affect FGF-

2/FGFR1 signalling. Secondly, the levels of

miR-330-3p were determined by PCR, but

the levels of FGFR1, FGF-2 and S100B

mRNA were not assessed. It remains

unclear whether these observations resulted

from transcriptional or protein regulation.

Therefore, studies are underway to better

understand the relationship between miR-

330-3p and S100B. Clinical trials should

be conducted to verify the clinical signifi-

cance of these results.
In conclusion, there may be a regulatory

relationship between miR-330-3p and

S100B. In this study, upregulation of miR-

330-3p levels was found to reduce the levels

of S100B and FGF-2/FGFR1 signalling

appeared to be blocked.
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