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ARTICLE INFO ABSTRACT

Keywords: Objectives: Expression of miR-671 was reported to be downregulated in articular cartilage of patients with OA
miR-671 compared to healthy individuals, indicating it may serve as potential biomarker for OA. However, the me-
Osteoarthritis chanism by which miR-671 regulates the progression of OA remains unclear. Here, we aimed to investigate the
Chondrocyte role of miR-671 in cartilage from patients with OA.

Pathogenesis

Methods: The expression of miR-671 and inflammation mediators in cartilage from patients with OA was ana-
lyzed by RT-PCR. In vitro, chondrocytes CHON-001 were stimulated with IL-1f for 24 h for OA model estab-
lishment. Protein expression of MMP-13, aggrecan, and collagen II was measured by western blot. In vivo, the
severity of OA in mice was determined by histological analysis.

Results: We found that the level of miR-671 was downregulated in OA tissues, plasma and IL-1f treated CHON-
001 cells, compared with control. MiR-671 mimics ameliorated IL-1B-induced proliferation inhibition and
apoptosis stimulation, as well as decreased protein levels of collagen II and aggrecan in CHON-001 cells. In vivo
study showed miR-671 mimics alleviated the progression of OA in mice.

Conclusion: These results indicated miR-671 play an important role during the pathogenesis of OA. Therefore,
miR-671 may serve as a potential therapeutic target for the treatment of OA.

1. Introduction

The pathology of osteoarthritis (OA) involves the disease process of
the whole joint, including local and progressive loss of hyaline articular
cartilage with concomitant changes in subchondral skeleton, including
the development of marginal growth, osteophyte and periosteal thick-
ening (osteosclerosis). Several factors such as genetic reasons, over-
weight, repetitive movements or injuries to joints, metabolic disorders
and acromegaly, may initiate various pathological pathways of OA. In
recent years, owing to the discovery of a central role of inflammation in
OA, the view of the pathophysiologic features of OA has been trans-
formed from non-inflammatory causes to inflammatory reasons [1].
Interleukin-1f (IL-1B), the major pro-inflammatory and pro-catabolic
cytokine, could induce the release of matrix metalloproteinase (MMP)
and other inflammatory mediators into the articular cavity and ulti-
mately leading to cartilage degradation [2]. Therefore, suppression of
these inflammatory mediators will be potential therapeutic strategy for
the treatment of OA.

* Corresponding authors.

MicroRNA (abbreviated miRNA), a small non-coding RNA molecule,
functions in RNA silencing and post-transcriptional regulation of gene
expression [3-5]. Many miRNAs are evolutionarily conserved [6],
which implies that they have important biological functions such as
lipid metabolism [7], apoptosis [8], differentiation [9], organ devel-
opment [10] and malignant tumors [11]. Beyond that, several miRNAs
were reported to associate with OA. MiR-146a was intensely expressed
in OA cartilage and its expression could be induced by stimulation of IL-
1B [12]. Silencing miR-34a inhibited chondrocyte apoptosis in a rat OA
model in vivo [13]. Recently, a microRNA array analysis identifies that
miR-671 expression level was consistently downregulated in articular
cartilage of OA patients compared to healthy individuals, indicating its
function as potential OA biomarkers [14]. However, the underlying
mechanisms of miR-671 in OA have not been reported.

Therefore, in this study, we interrogated the role of miR-671 during
the pathogenesis of OA in vitro and in vivo.
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2. Materials and methods
2.1. Cell culture

Human chondrocyte cell line CHON-001 was purchased from
American type culture collection (ATCC, Manassas, VA, USA). CHON-
001 cells were seed in RPMI-1640 supplemented with 10% FBS and 1X
penicillin-streptomycin-glutamine (10378-016; Invitrogen) at 37 °Cin a
humidified incubator with 95% air and 5% CO,. CHON-001 cells were
stimulated with IL-13 (10 ng/ml) for 24 h treatment for OA model es-
tablishment.

2.2. Knee tissue collection

Osteoarthritis specimens were obtained from 20 patients under-
going surgery at the Second Affiliated Hospital of Inner Mongolia
Medical University. Control cartilage samples were obtained from 20
nonarthritic knee joints of donors without known history of joint dis-
ease. The diagnosis of OA met the American College of Rheumatology
(ACR) classification criteria [15]. The study was approved by the Ethics
Committee of the Second Affiliated Hospital of Inner Mongolia Medical
University and followed the guidelines of the Declaration of Helsinki.
All the patients provided written informed consent.

2.3. Quantitative real-time-PCR (qRT-PCR)

Quantitative RT-PCR was conducted to detect miR-671 expression.
Total RNAs were extracted from human knee tissue/plasma samples
(healthy or patients) or CHON-001 lysate using RNA extract kit
(Tiangen Biotech Co., Ltd., Beijing, China). The cDNA synthesis was
performed using SuperScript II RNase H Reverse Transcriptase Kit (Life
Technologies) according to the manufacturer’s protocol. Real-time PCR
was performed with SYBR Green PCR Mix reagent (Thermo Fisher) and
samples were analyzed using an ABI Prism 7700 Sequence Detection
System (Applied Biosystems). Primers for miR-671 and U6 were pur-
chased from Ambion (Life Technologies, CA, USA). The sequences of
primers were listed as below: miR-671-forward, 5 TGTAAAACGACGG
CCAGT; miR-671-reverse, 5 CAGGAAACAGCTATGACC; U6-forward, 5/
TGTAAAACGACGGCCAGT; Ub-reverse, 5° CAGGAAACAGCTATGACC.
The qPCR procedure was performed as follows: initial denaturation at
95 °C for 10 min; 40 cycles of denaturation at 95°C for 15s and an-
nealing extension at 60 °C for 30s. The relative expression was de-
termined by the 2-AACt method with U6 as control (Ct refers to cycle
threshold). Experiments were triplicated.

2.4. Western blot

Total protein was extracted from CHON-001 cells with SDS sample
buffer (50 mM Tris-HCI pH 6.8, 5mM EDTA, 2% SDS and 5% glycine).
Protein from each sample was separated in a 10% polyacrylamide SDS
gel at 80 V for 20 min and 100V for 1 h, followed by transferring onto
PVDF membranes (Millipore, MA, USA) at 300 mA for 1h. The mem-
branes were blocked for 1 h with 5% non-fat milk in TBST (20 mM Tris
pH 7.6, 150 mM NaCl and 0.05% Tween-20) followed by primary an-
tibodies at 4°C overnight. The primary antibodies included MMP-
13(1:1000), aggrecan (1:1000), collagen II (1:1000) and beta-actin
(1:2000) from Santa Cruz (Santa Cruz, CA, USA). Then, the membranes
were washed three times with TBST and incubated with HRP (horse-
radish peroxidase)-conjugated goat anti-rabbit secondary antibody
(Santa Cruz, dilution 1:5000) for 1 h at room temperature,

2.5. MiR-671 mimics
MiR-671 mimics are chemically synthesized in GenePharma com-

pany (Shanghai, China). The sequence was: UCCGGUUCUCAGGGCUC
CACC. MiRNA mimics are small, chemically modified double stranded
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RNAs designed to mimic endogenous mature miRNA molecules. A total
of 2 X 10 [5] chondrocytes were incubated to 80% confluence in a 6-
well plate. Then, cells were incubated in serum-free DMEM for another
12h. The transfection of miRNA was performed according to the
manufacturer’s instruction. Briefly, 100 nM miRNA mimic or 100 nM
scrambled 22 nt nucleotides (miR-Scr, with no homology to mammal
genome) were mixed with Lipofectamine 2000 solution (Invitrogen) at
room temperature for 20 min. After that, cells were incubated with
mixture for 12h at 37°. And then, a total of 10 ng/ml IL-1f3 (PeproTech,
Rocky Hill, NJ, USA) or PBS (Invitrogen) was added to each well for an
appropriate period.

2.6. Cell proliferation assay

Cell proliferation was measured using cell counting kit 8 (CCK-8,
Cat. 96992, Sigma Aldrich, Louis, MO, USA) according to manu-
facturer’s protocol. Briefly, CHON-001 cells were seeded in 96-well
plate at a density of 3000 cells per well overnight and treated with miR-
671 mimics or/and IL-1f. Then, 1/10th volume of 2-(2-methoxy-4-ni-
trophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
monosodium salt solution was added to the plates for 2 h. The optical
density (OD) value of cell was read at 450 nm using a microplate
reader. All experiments were performed in triplicates.

2.7. Apoptosis

Apoptosis of CHON-001 cell was detected with Annexin V-FITC and
propidium iodide (PI) apoptosis kit (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol. In brief, CHON-001 cells were
treated with miR-671 mimics or/and IL-1f3. After treatments, cells were
resuspended in Binding buffer and incubated with Annexin V/PL
Finally, the cell apoptosis was analyzed with the imaging flow cyt-
ometer BD Celesta.

2.8. OA mice model

C57BL/6 male wild-type mice (ten-week-old) were purchased from
Animal Center of Chinese Academy of Sciences (Shanghai, China). The
experimental OA mice were surgically induced by destabilization of the
medial meniscus as reported [16]. Mice were anesthetized with peri-
toneal injection of 4% chloral hydrate; the cranial attachment of the
medial meniscus to the tibial plateau was transected with a micro-
surgical knife. The animal study has been approved by the Ethics
Committee of the Second Affiliated Hospital of Inner Mongolia Medical
University.

2.9. Immunohistochemistry

Knee samples were fixed in 4% paraformaldehyde at 4 °C for 24 h,
followed by decalcification in 10% EDTA solution at 4 °C for two weeks.
Then, the samples were dehydrated and embedded in paraffin blocks.
Frontal serial sections (5 um thick) across entire joints were obtained
and 10 slides per joint at every 50 um were selected and stained with
Safranin-O/Fast Green to evaluate cartilage destruction. In addition,
multiple separate scoring systems were used to assess the extent of
cartilage degeneration. The destruction of articular cartilage was eval-
uated using the Osteoarthritis Research Society International (OARSI)
scoring system (0-12) for medial femoral condyle and medial tibial
plateau [17]. The severity of synovitis was measured using a scoring
system which was previously described [18]. AxioVision software was
applied to measure the thickness of the medial subchondral bone plate
according to Safranin O stained sections.

2.10. Statistical analysis

Graphs were analyzed with GraphPad Prism 7 software (La Jolla,
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Fig. 1. Levels of miR-671 and inflammatory mediators in OA tissue and plasma. (A) Quantitative PCR was used to determine the level of miR-671 in plasma samples
from patients with OA (n = 20) and health donors (n = 20). * indicates P < 0.05, as compared to the non-OA donors. (B) Quantitative PCR was used to assess the
level of miR-671 in tissue samples from patients with OA (n = 20) and health donors (n = 20). * indicates P < 0.05, as compared to the non-OA donors. (C) The
expressions of MMP13, collagen II and aggrecan in tissues from patients with OA (n = 20) and health donors (n = 20) were measured with western blot. (D-F)
Quantification of protein expressions in OA tissues. ** indicates P < 0.01, compared to non-OA group. Experiments were performed in triplicate.

CA, USA). All data are expressed as the means = SEM unless specified.
The comparison between two groups was conducted by Student’s t-test.
P < 0.05 was set as statistical significance.

3. Results

3.1. Differentiate expressions of miR-671 and inflammatory mediators in
human osteoarthritic cartilage

To interrogate the potential role of miR-671 in human OA, we ex-
amined the level of miR-671 in both plasma and cartilage tissues ob-
tained from patients with OA or healthy donors without any joint dis-
eases. We found that miR-671 level was significantly lower in patients
with OA compared with healthy donors in both plasma and cartilage
tissues (Fig. 1A, B), indicating the important role of miR-671 during the
pathogenesis of OA. Next, we compared the expressions of in-
flammatory mediators in both patients with OA and healthy donors.
The western blot results revealed that the protein levels of Collagen II
and Aggrecan were markedly decreased in tissue from patients with OA
compared with that from normal donors, whereas protein level of
MMP13 was obviously upregulated in OA tissues (Fig. 1C-F). These
observations demonstrated miR-671 might play an important role
during the progression of OA.

3.2. Establishment of in vitro OA model by treating chondrocytes with IL-13

Interleukin-1f3 (IL-1f), the major proinflammatory and pro-cata-
bolic cytokine, has been reported to contribute to destruction of ar-
ticular cartilage (ref). In order to establishment of in vitro OA model, we
used IL-1f to induce inflammatory injury in human chondrocyte cell
lines (CHON-001 cells). The results displayed the level of miR-671 in
cells was significantly decreased by 10 ng/ml IL-1f (Fig. 2A). In addi-
tion, western blot data showed that IL-1f3 treatment markedly down-
regulated the protein levels of Collagen II and Aggrecan (Fig. 2B-D),
while upregulated the expression of MMP13 (Fig. 2B, E). Above data
indicated that in vitro OA model was successfully established by treating

chondrocytes with IL-1f, which could be used in the subsequent ex-
periments.

3.3. MiR-671 mimics alleviated IL-1f-induced proliferation inhibition in
CHON-001 cells via decreasing apoptosis

In order to evaluate the effect of miR-671 on IL-1p-treated chon-
drocytes CHON-001, the viability of cells was determined with CCK-8
assay. The result showed that IL-13 markedly reduced the cell viability
compared with control group, which was reversed by miR-671 mimics
(Fig. 3A). Similar results were observed when using immuno-staining of
Ki67 to evaluate the effect of miR-671 mimics on cell proliferation in
CHON-001 cells (Fig. 3B, C). In addition, the data of apoptosis assay
revealed that IL-1B-treated cells exhibited higher apoptosis rate than
control cells, while the addition of miR-671 mimics could attenuated
the cell apoptosis induced by IL-1 (Fig. 3D, E). In summary, the results
above suggested that miR-671 mimics alleviated IL-1B-induced pro-
liferation inhibition in CHON-001 cells via decreasing apoptosis.

3.4. The effects of miR-671 mimics on the expressions of inflammatory
mediators in IL-1B-treated CHON-001 cells

We next investigated the effects of miR-671 mimics on the expres-
sions of inflammatory mediators in IL-1p-treated CHON-001 cells. We
found that miR-671 mimics slightly increased the levels of Collagen II
and Aggrecan in cells, whereas IL-1[3 treatment significantly inhibited
the expressions of them (Fig. 4A-C). As we expected the decreased
protein levels of Collagen II and Aggrecan induced by IL-1f treatment
were completely reversed by miR-671 mimics (Fig. 4A-C). These results
indicated that miR-671 mimics could potentially alleviate the pro-
gression of OA.

3.5. MiR-671 mimics alleviated the progression of OA in mice

Next, we interrogated whether miR-671 could alleviated the pro-
gression of OA in vivo using OA mice models. The Safranin O staining
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Fig. 2. Levels of miR-671 and inflammatory mediators in IL-1p-induced OA cell model. CHON-001 cells were treated with 10 ng/ml IL-1f for 24 h. (A) The level of
miR-671 in IL-1B-induced CHON-001 cells were determined with qRT-PCR. (B) Expressions of MMP13, collagen II and aggrecan in IL-1B-treated CHON-001 cells
were determined by western blot. (C-E) Quantification of protein expressions in CHON-001 cells. * indicates P < 0.05, compared to control group. Each experiment
was performed in triplicate.
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Fig. 3. MiR-671 mimics alleviated IL-1B-induced proliferation inhibition in CHON-001 cells via decreasing apoptosis. CHON-001 cells were transfected with 100 nM
miRNA mimic or 100 nM scrambled 22 nt nucleotides for 12 h, then treated with 10 ng/ml IL-1(3 for 24, 48 and 72 h. (A) Cell viability were detected with CCK8 assay.
(B) The cells were stained with Ki-67 and DAPI. (C) Quantification of Ki-67 positive cells. * indicates P < 0.05, compared to NC group; # indicates P < 0.05,
compared to IL-1p group. (D) CHON-001 cells were transfected with 100 nM miRNA mimic for 12h, followed by 10 ng/ml IL-1f treatment. Cell apoptosis were
detected with Annexin V/PI staining. * indicates P < 0.05, compared to NC group; # indicates P < 0.05, compared to IL-1f group. Each experiment was performed
in triplicate.
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Fig. 4. The effects of miR-671 mimics on the expressions of inflammatory mediators in IL-1p-treated CHON-001 cells. (A) Protein expressions of collagen II and

aggrecan in IL-1B-treated CHON-001 cells were determined by western blot.

(B-C) Quantification of collagen II and aggrecan expressions in CHON-001 cells. *

indicates P < 0.05, compared to control group. Each experiment was performed in triplicate.
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randomly divided into three groups: control group, OA group, and OA + miR-671
neal injection of miR-671 mimics daily, while the OA group received vehicle (DMSO)
g (A), Osteoarthritis Research Society International (OARSI) scores (B), subchondral

bone plate thickness (C), and synovitis scores (D). The lower panel shows the enlarged part of the upper black panel. * indicates P < 0.05, compared to NC group; #

indicates P < 0.05, compared to OA group. n = 5 for each group. Each exper

showed that cartilage superficial destruction, cartilage erosion, vast
proteoglycan loss, and apparent hypocellularity was observed in OA
group, compared with smooth and integrate cartilage surface in the
control group. Such patterns in OA group were ameliorated by addition
of miR-671 mimics (Fig. 5A). Consistent with the results of Safranin O
staining, the OARSI scores of the OA group were significantly higher
than those of control group (P < 0.01), which could be reversed by
miR-671 mimics (P < 0.01) (Fig. 5B). Similar results were also ob-
served in terms of subchondral bone plate thickness and ameliorated
synovitis (Fig. 5C, D). We found that an obviously increased

iment was performed in triplicate.

subchondral bone plate thickness and decreased synovitis were ob-
served in OA group, which could be reversed by treatment of miR-671
mimics as well. Taken together, these results suggested that miR-
671 had the ability to attenuate the progression of OA in mice.

4. Discussion
Currently, drugs for OA treatment are mainly for pain and in-

flammation relief of the joint, and effective drugs for prevention of
progression of OA were limited [19,20]. It raised an unmet medical
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need that safe and effective agents were urgent for the treatment of
patients with OA. In this study, we revealed that miR-671 were
downregulated in OA tissue, plasma and IL-1[-treated CHON-001 cells.
MiR-671 mimics alleviated IL-1B-induced proliferation inhibition and
apoptosis in CHON-001 cells via decreasing expressions of collagen II
and aggrecan. In addition, we also demonstrated that miR-671 mimics
alleviated the progression of OA in mice. Thus, we hypothesized that
miR-671 could be a potential therapeutic target for OA, and stimulation
of miR-671 probably could improve the proliferation of cartilage cell.

OA is a multi-factorial de-generative disease, and its progression is
stimulated by proinflammatory cytokine signaling [2]. For the in-
flammation-triggered modulations in chondrocytes, microRNA show
markedly effects on OA. It was reported that the inflammatory circuitry
of miR-149 functioned as a pathological mechanism in OA [21], and
introduction of miR-21 into the cartilage of OA mice significantly sti-
mulated cartilage destruction [22]. A miRNA profiling using high-
density miRNA-arrays in serum of OA patients revealed that miR-671
were significantly downregulated in patients with OA compared to
healthy articular cartilage [23]. Besides, there are no other reports on
involvement of miR-671 in OA pathogenesis. In addition to the role of
miR-671 in regulating cancer cell migration [24], it has recently been
reported to regulate apoptotic genes such as caspase 8, p38, Myc-as-
sociated factor X, and Ras protein-specific guanine nucleotide releasing
factor 1 in neurons of mice [24]. In addition, it could inhibit macro-
phage-mediated inflammation in orbital fat-derived stem cells by en-
hancing the expression of IL-IRA and TNFRII [25,26], indicating its
potential role in apoptosis and inflammation, both of which are related
to OA. Based on these above studies, we confirmed that levels of miR-
671 were decreased in OA tissue, plasma and IL-1p-treated CHON-001
cells. MiR-671 mimics could alleviate the progression of OA, indicating
the potential role of miR-671 in OA pathogenesis.

Degradation of cartilage is a hallmark of OA, and OA joints were
proved to have higher level of matrix-degrading enzymes such as
MMP13 than normal ones [27,28]. MMP-13 has a broad substrate
specificity and can cleave collagen (types I, II, III, IV, X, and XIV), ag-
grecan, and fibronectin [29,30]. Induced expression of MMP13 resulted
in pathologic changes in the joints in a transgenic mouse model, which
was similar to human OA [31], providing evidence of its key roles in the
pathogenesis of OA. There are mounting evidences that inhibition of
MMP13 expression could prevent the pathogenesis of OA [32]. Akhtar
et al. revealed that overexpression of miR-27b induced by IL-1f could
inhibit the expression of MMP13 protein in human chondrocytes de-
rived from normal and OA cartilage [33]. In this study, we demon-
strated that IL-1( markedly increased the expression of MMP-13 in
CHON-001 cells. The underlying correlation of miR-671 and MMP13 in
the pathogenesis of OA needs further exploration.

Chondrocytes in OA cartilage produce high levels of type II collagen
and aggrecan, which can provide tensile strength and shock absorption
under mechanical damage [34]. Uncoordinated synthesis of the two
proteins could be a crucial event in the pathogenesis of OA. Therefore,
the inhibition of the degradation of collagen-II and aggrecan may have
positive effects on OA treatment. In our study, we confirmed that col-
lagen II and aggrecan were depressed in both human OA tissue andIL-
1B-induced OA cell model. Moreover, miR-671 mimics could reverse IL-
1P induced downregulation of collagen II and aggrecan.

In conclusion, we demonstrated that the level of miR-671 was
downregulated in OA tissues, plasma and IL-1f3 treated CHON-001 cells.
In addition, miR-671 mimics ameliorated IL-1B-induced proliferation
inhibition and apoptosis stimulation. In vivo assay also suggested that
miR-671 mimics alleviated the progression of OA in mice. Therefore,
our results might give new insights for the understanding of the pa-
thogenesis of OA.
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