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Abstract. — OBJECTIVE: To investigate the
role of micro ribonucleic acid (miR)-181 in the in-
flammatory responses of osteoarthritis (OA) and
related mechanism.

MATERIALS AND METHODS: The rat model
of OA was established by anterior cruciate lig-
ament (ACL) transection, and an automatic im-
muno-analyzer was applied to detect the bone
metabolism indexes in the serum. The levels of
relevant inflammatory factors in the joint fluid
and serum were measured using enzyme-linked
immunosorbent assay (ELISA). The cartilage
specimens were collected to determine the ex-
pression of miR-181 in OA and normal cartilage
tissues. Meanwhile, isolated cartilage cells were
cultured and transfected with miR-181 mimics
and inhibitor separately, and a blank control
group was also included. Quantitative Real-time
polymerase chain reaction (QRT-PCR) was ad-
opted to detect the messenger RNA (mRNA) ex-
pressions of inflammatory factors [tumor necro-
sis factor-alpha (TNF-a) and interleukin-6 (IL-6)]
in the cartilage cells. The expression levels of
NF-kB and matrix metalloproteinase-13 (MMP-
13) proteins related to the NF-kB signaling path-
way were determined via Western blotting.

RESULTS: In OA model group, the content
of serum osteocalcin (OSTEOC) and vitamin D
(VD) declined markedly (p<0.05), the content of
parathyroid hormone (PTH) increased notably
(p<0.05), whereas the change of 3-Cross Laps
was not significant. ELISA results showed that
the levels of TNF-a, IL-6 and MMP-9 were elevat-
ed remarkably in OA model group (p<0.05). Com-
pared with that in normal cartilage tissues, miR-
181 expression was increased evidently in OA
cartilage tissues (p<0.05). Moreover, miR-181 ex-
pression was also significantly elevated in miR-
181 mimics group after transfection (p<0.05).
The expressions of inflammatory factors TNF-a
and IL-6 in the cartilage cells were increased re-
markably in miR-181 mimics group compared
with those in control group (p<0.05). The miR-
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181 inhibitor could significantly lower the ex-
pressions of inflammatory factors TNF-a and IL-
6 (p<0.05). According to the results of Western
blotting, the protein expressions of MMP-13 and
NF-kB were decreased notably in miR-181 inhib-
itor group (p<0.05), but were evidently up-regu-
lated in miR-181 mimics group (p<0.05).

CONCLUSIONS: The decrease of miR-181 can
reduce the expressions of inflammatory factors
TNF-a and IL-6 through downregulating the NF-
kB signaling pathway, thus repressing the oc-
currence of OA.
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Introduction

Osteoarthritis (OA), a kind of joint disease
affecting the articular cartilage and adjacent tis-
sues!, is caused by complex biochemical and bio-
mechanical stimuli?. It has given rise to a world-
wide health burden along with the rising obesity
rate and population aging for the consequences of
unbearable pain and even disability’. OA grad-
ually leads to loss of functions in the patients,
mainly manifesting as articular cartilage injury,
narrowing space, synovitis and dyskinesia*. On
the basis of its pathogenesis, currently, the stud-
ies on treatment of OA primarily involve endog-
enous hormones, oxygen free radicals, structure
of calcified cartilage zone, autoimmunity and cy-
tokines®, but few of them can precisely define the
molecular mechanism of OA progression. There
is evidence that the etiology of OA is associated
with heredity’, and the gene expression in the car-
tilage cells is abnormally changed. For example,



L.-M. Zhu, M. Yang

micro ribonucleic acids (miRNAs) participate in
the synthesis and degradation of cartilage®.

As endogenous non-coding RNAs, miRNAs
target the messenger RNA (mRNA) transcripts
and silence their gene expression through com-
plementary sequences, so they can serve as key
regulatory factors for gene expression’. In view of
such characteristics as evolutionary conservation
and stability, miRNAs can be regarded as novel
diagnostic markers for cartilage diseases'. It has
already been proven that miRNAs play vital roles
in many human diseases, including OA!'. Song et
al discovered'? that the expression of miR-9 in OA
cartilage cells was significantly lower than that in
normal control group. Later, research testified that
miR-221 and miR-483-5p responded to the loss of
interaction between cartilage cells and matrix by
modulating proliferation and matrix synthesis'.
Previous studies have manifested that miR-146a
had a close correlation with the pathophysiology
of OA, and it was lowly expressed in OA carti-
lage, which is induced by the stimulation of in-
terleukin-1 beta (IL-1p). MiR-181 originates from
the gene family in Urochordata. It was previously
demonstrated that the up-regulation of miR-181
in the liver accelerated the growth, migration and
invasion of hepatocellular carcinoma cells'*">. In
addition, some studies!®!” on the expression and
function of miR-181 in OA cartilage cells have
been conducted. Moreover, it has been revealed
in research that miR-9 can bind to corresponding
genes such as nuclear factor-kappa Bl (NF-kBl1),
because the activation of NF-xBl1 signaling path-
way will trigger the release of pro-inflammatory
cytokines that exert crucial effects on cartilage
injury. Among the aforementioned genes, empha-
sis should be placed on NF-kB for the activated
NF-kB signaling pathway that will induce the
release of pro-inflammatory cytokines such as
IL-1B and tumor necrosis factor-alpha (TNF-a),
which perform essential functions in altering the
degree of cartilage injury and balance of bone
metabolism'®. Therefore, the present study aims
to investigate the influences of miR-181 on the in-
flammatory responses of OA, which is conducive
to developing new diagnosis and treatment strate-
gies for the disease.

Materials and Methods
Establishment of OA Model

Sprague-Dawley (SD) rats were utilized to es-
tablish the OA model by intraperitoneal injection
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of chloral hydrate (3.5 mL/kg). A 1.5 cm-long lon-
gitudinal incision was separately made on the me-
dial collateral ligament and anterior cruciate liga-
ment of knee joint, and then the medial meniscus
was resected. It is worth noting that the operation
should be performed under sterile conditions as
much as possible, so as to establish the OA mod-
el. Traction test was adopted to confirm that the
ligament was completely fractured. Subsequent-
ly, the rats were fed separately and injected with
penicillin every day to diminish inflammation.
Rats were used for all experiments, and all proce-
dures were approved by the Animal Ethics Com-
mittee of Jinan Central Hospital.

Measurement of Bone Metabolism
Indexes

The whole blood was collected to isolate the se-
rum, which was then stored at 4°C. An automatic
biochemistry analyzer and detection (Kinghawk,
Jinan, Shandong, China) were applied to deter-
mine the content of osteocalcin (OSTEOC), vita-
min D (VD), B-CrossLaps and parathyroid hor-
mone (PTH).

Measurement of Inflammatory Factors
Via Enzyme-Linked Immunosorbent
Assay (ELISA)

The rats were fixed after anesthesia, whose
joint fluid was drawn using a syringe after local
disinfection and placed into a sterile centrifuge
tube. Next, the venous blood was drawn to sepa-
rate the serum by means of centrifugation, and the
levels of relevant inflammatory factors in the joint
fluid and serum were measured using the ELISA
kit (R&D Systems, Minneapolis, MN, USA), and
a microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA) was utilized to measure the
absorbance in each group.

Culture and Transfection of Cartilage Cells

The articular cartilage samples were taken
out under sterile conditions, some were used to
extract the total RNA in cartilage cells for de-
tection of miR-181 expression, and others were
utilized for extraction of cartilage cells. Next,
the cells were put in a medium containing fetal
bovine serum and dual antibodies, and cultured
in an incubator. The medium was changed ev-
ery 48 hours, and the cartilage cells in the log-
arithmic growth phase were harvested for ex-
periments. After that, the cells were transfected
using the transfection kit, and the transfection
efficiency was verified.
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Table I. PCR primers.

MRNA Sequence

MiR-181  F: 5TGCGGGTGCTCCGCTTCGGCAGC-3’
R: 5>-CAGTGCAGGGTCCGAGGT-3’
F: 5-CTGAACCAGGGCATACCTGT-3’
R: 5>-GAGAAGTCCATGTCCGCAAT-3’
MMP-13  F: 5>-CCCCAACCCTAAACATCCAA-3’
R: 5>~ AACAGCTCCGCATCAACCT-3
IL-6 F: 5’>-CAATGAGGAGACTTGCCTGG-3’
R: 5>-GCACAGCTCTGGCTTGTTCC-3’

NF-xB

TNF-a  F: 5-CGCTACGACCGCCAGATTG-3’
R: 5>~ ACACCGTTCACCAGCAAGTC-3’
GAPDH F: 5>-TGACTTCAACAGCGACACCCA-3’

R: 5>-CACCCTGTTGCTGTAGCCAAA-3’

Detection of Expressions of
Inflammation-Related Genes in Cartilage
Cells Via Quantitative Real-Time
Polymerase Chain Reaction (Qrt-PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
was applied to extract the total RNA in the carti-
lage tissues of knee joint in normal rats and OA
model group as well as that in each group of trans-
fected cells. After the purity and concentration of
RNA were determined, the total RNA was reverse-
ly transcribed into cDNA. The primer sequences
of target genes and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), an internal reference,
were designed according to those on GenBank
and synthesized by Sangon (Shanghai, China). The
expression levels of target genes were determined
via qRT-PCR (TaKaRa, Otsu, Shiga, Japan). The
sequences are shown in Table 1.

Detection of Expressions of The NF-Kb
Signaling Pathway-Related Proteins in
Each Group of Cartilage Cells
Via Western Blotting

After the medium was discarded, the cartilage
cells were washed with phosphate-buffered solu-
tion (PBS) for 3 times. Next, the lysis buffer pre-
pared at an appropriate proportion was added to
sufficiently lyse the cells and release the proteins,
followed by collection of supernatant via centrifu-

gation. The protein concentration was detected in
accordance with the instructions of bicinchoninic
acid (BCA) kit. After that, samples and gel were
prepared and loaded for electrophoresis, followed
by membrane transfer and sealing. Next, prima-
ry antibody (Abcam, Cambridge, MA, USA) was
added for incubation overnight, and secondary
antibody (Abcam, Cambridge, MA, USA) for in-
cubation for 1 hour. Next, the protein bands were
scanned and quantified using an Odyssey mem-
brane scanner (LI-COR Biosciences, Lincoln,
NE, USA), and the level of proteins to be detected
was corrected via Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). Image Lab software
(Bio-Rad, Hercules, CA, USA) was employed to
quantify the bands of Western blotting. The ex-
pression levels of corresponding proteins in each
group were calculated.

Statistical Analysis

All the raw data were processed using SPSS
22.0 software (IBM, Armonk, NY, USA) and
presented as mean + standard deviation. #-test
was performed for comparison of data between
groups, and p<0.05 suggested that the difference
was statistically significant.

Results

Detection Results of Bone Metabolism
Indexes in the Serum

The bone metabolism indexes including
OSTEOC, VD, B-CrossLaps and PTH in the
serum were detected, in order to provide an
important reference for the early diagnosis of
OA. As shown in Table II, the content of se-
rum OSTEOC and VD was significantly re-
duced (p<0.05), with statistical rise of PTH
level (p<0.05), while level of B-CrossLaps was
not significantly changed between two groups,
suggesting that the decrease of VD level has
feedback regulation on PTH and stimulates os-
teogenesis in OA patients.

Table Il. Detection results of bone metabolism indexes in the serum (ng/mL).

Group VD OSTEOC p-CrossLaps PTH
Normal group 24.3£1.1 26.5+0.8 0.57+0.7 24.8+0.6
Model group 15.9+0.8" 12.940.5* 0.68+0.9° 67.9+0.5*

Note: The content of serum OSTEOC and VD decline remarkably (p<0.05), while PTH content rises evidently in model group

(p<0.05). a: p<0.05 vs. normal group.
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Figure 1. Expression of miR-181 in OA model group and
normal cartilage tissues. The expression of miR-181 is in-
creased obviously in the cartilage cells in OA model group
(»<0.05). *p<0.05 vs. normal group.

Detection Results of Inflammatory
Factors in the Joint Fluid and Serum

The content of inflammatory factors in the
joint fluid and serum of rats in normal group and
OA model group was measured using ELISA. It
was indicated that the levels of TNF-a, IL-6 and
MMP-9 in the joint fluid and serum were elevat-
ed markedly in OA model group (p<0.05) (Table
I1I), implying that massive inflammatory factors
are produced in OA patients.

Expression of MiR-181 in OA Model

Group and Normal Cartilage Tissues
RT-qPCR was performed to determine the ex-

pression of miR-181 in the cartilage tissues of OA
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Figure 2. Expression of miR-181 in each group of carti-
lage cells after transfection. The expression of miR-181 is
increased prominently in miR-181 mimics group and de-
creased notably in miR-181 Inhibitor group. *p<0.05 vs.
control group.

rats. The results manifested that in comparison
with that in normal cartilage tissues, miR-181 ex-
pression was significantly increased in the carti-
lage cells in OA model group (p<0.05) (Figure 1).

Verification of Transfection Efficiency
in Each Group of Cartilage Cells

The relative expression of miR-181 in the car-
tilage cells transfected with miR-181 mimics
and miR-181 Inhibitor is shown in Figure 2. The

Relatlve gene expression of
TNF-a

Figure 3. Expressions of inflammation-related genes in cartilage cells. The expressions of inflammatory factors in the carti-
lage cells are increased obviously in miR-181 mimics group. *p<0.05 vs. control group.
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Figure 4. Expressions of the NF-«B signaling pathway-related proteins in cartilage cells. The protein expressions of MMP-13
and NF-kB are decreased notably in miR-181 Inhibitor group. *p<0.05 vs. control group.

expression of miR-181 in the cartilage cells was
increased prominently in miR-181 mimics group
(p<0.05) and decreased notably after the treat-
ment of miR-181 inhibitor (p<0.05).

Expressions of Inflammation-Related
Genes in Cartilage Cells

According to the results of RT-qPCR (Figure
3), miR-181 mimics induced significantly higher
expressions of inflammatory factors (TNF-a and
IL-6) in the cartilage cells than control group
(p<0.05), and the miR-181 inhibitor could signifi-
cantly reduce the expressions of those inflamma-
tory factors (p<0.05), indicating that the results
are consistent with those of ELISA.

Expressions of the NF«b Signaling
Pathway-Related Proteins Targeted
by Mir-181

The results of Western blotting analysis displayed
that the protein expressions of MMP-13 and NF-«B
were decreased notably due to the suppression of miR-
181 level (p<0.05), while they were increased evidently
in miR-181mimics group (p<0.05) (Figure 4).

Discussion

OA is a complicated inflammatory disease
affecting the whole joint, whose further pro-
gression will lead to cartilage degeneration and
injury of knee joint, ultimately resulting in dis-
ability”. However, few researchers are capable
of thoroughly explaining its underlying mecha-
nism. There is evidence that genetic constitution
is associated with the etiology of osteoarthrosis,
and some gene expressions in the cartilage cells
are involved in the synthesis and degradation of
cartilage’. MiRNAs, recognized as potential bio-
markers, participate in the pathogenesis of OA by
controlling the target genes and fine-tuning the
gene expressions. Several studies have demon-
strated that miRNAs (miR-9, miR-27, miR-140,
etc.) and genes (NF-xB, IL-6, MMAP-13, etc.) are
abnormally expressed in OA patients. Wu et al*
emphasized the functions and roles of miRNAs
in controlling cartilage cell differentiation and
OA progression. Hence, the present study aims to
explore the influences of miR-181 on the inflam-
matory responses of OA by targeting NF-«kB, so

Table Ill. Detection results of inflammatory factors in the joint fluid and serum in each group.

Joint fluid Serum
TNF-a MMP-9 TNF-a IL-6 MMP-9
Group (pg/mL) IL-6 (pg/mL) (ng/mL) (pg/mL) (pg/mL) (ng/mL)
Normal group 22.3+1.1 42.3+0.9 32.1+0.7 4.5+0.3 8.7+0.5 6.3+0.2
Model group 67.8+0.8* 119.6+£0.7* 78.6+0.6 17.3+0.22 31.6+0.1 15.440.32

Note: The content of serum OSTEOC and VD decline remarkably (p<0.05), while PTH content rises evidently in model group

(p<0.05). *: p<0.05 vs. normal group.
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as to reveal the etiology of OA. According to the
results, miR-181 can repress the inflammatory re-
sponses of OA through regulating the expressions
of inflammatory factors and NF-xB signaling
pathway-related proteins.

In the present study, it was revealed that miR-
181 expression in OA cartilage tissues was in-
creased prominently. To our knowledge, the
expression of miRNAs, including miR-23b, miR-
140, miR-181 and miR-210, is closely correlated
with the formation of cartilage cells”. It has been
reported that miR-181 is involved in such biolog-
ical processes as cell proliferation, apoptosis and
metabolism?'. The members of miR-181 family
can regulate the persistent differentiation of ma-
ture cartilage cells??. Special studies have been
conducted for miR-181 in the context of immuno-
cyte differentiation. In the present work, the car-
tilage cells were transfected with miR-181 mimics
and miR-181 inhibitor, and it was shown that miR-
181 mimics could significantly elevate the expres-
sions of inflammatory factors TNF-a and IL-6 in
the cartilage cells. A previous report on miR-9
indicated that both IL-6 and MMP-13 are over-
expressed in OA cartilage tissues. Besides, the
expressions of IL-6 and MMP-13 decline mark-
edly after the transfection of cartilage cells with
NF-kB1 siRNA, elaborating that the decreased
expressions of IL-6 and MMP-13 are triggered by
NF-kB expression regulated by miR-9%. MMPs
can stimulate the pro-inflammatory cytokines,
and the fully activated MMPs may be conducive
to cartilage destruction in OA. In addition, some
components of inflammatory factors are able to
specifically stimulate the cartilage cells and en-
hance the expression of epithelium-specific tran-
scription factors by modifying NF-kB*.

To elaborate the impacts of miR-181 and NF-
kB on downstream molecules, the protein ex-
pressions of MMP-13 and NF-kB were compared
between miR-181 mimics group and miR-181 in-
hibitor group. It was concluded that those expres-
sions were elevated remarkably in miR-181 mim-
ics group. Jones et al*® have revealed that miR-9
regulates the secretion of MMP-13 and inhibits
tumorigenesis by repressing the activity of IL-6%.
Moreover, NF-kB1 and IL-6, acting as matrix-de-
grading enzymes, as well as MMP-13, serving as
a catabolic marker, are overexpressed in patients
with knee OA?"?®. The NF-«xB signaling pathway
can participate in the occurrence and progression
of inflammations and tumors in the body through
the transcription factor NF-xB. Multiple inves-
tigations have testified that NF-xB can activate
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the genes maintaining cell proliferation. For in-
stance, the inhibition of NF-xB impairs HeLa cell
proliferation, while the up-regulated NF-xB may
indirectly cause the proliferation of H-ras onco-
gene-induced cells®*°. NF-kB is indeed capable
of controlling various genes with different func-
tions (anti-apoptotic and anti-proliferative effects)
at the same time®'. Compared with anti-prolifera-
tive genes, NF-kB may be more prone to promote
the expression of anti-apoptotic genes in the car-
tilage cells but exert the opposite effect on other
cells. Researchers have discovered that miR-181
can repress the proliferation and promote the
apoptosis of OA cartilage cells, and the expres-
sions of Caspase-3 and poly ADP-ribose poly-
merase (PARP), apoptosis-related proteins, are
increased after miR-181 is up-regulated, illustrat-
ing that miR-181 is likely to act on OA cartilage
cells by regulating Caspase-3 and PARP. In the
present study, the in-depth exploration of the NF-
kB signaling pathway combined with ingenuity
pathway analysis makes the roles of miR-181 and
NF-kB in OA progression more credible, which
may serve as the potential indicators, along with
the CTX-III and microRNA-98, for the diagnosis
of osteoarthritis®.

Conclusions

We demonstrated that the expression of miR-
181 in OA tissues was increased prominently
compared with that in normal tissues, and the ex-
pressions of TNF-a, IL-6, NF-kB and MMP-13
in miR-181 mimics group were relatively higher.
The decrease of miR-181 can reduce the expres-
sions of inflammatory factors TNF-a and IL-6 by
targeting NF-xB and thus repress the occurrence
of OA. Therefore, miR-181 and NF-kB may be-
come diagnostic biomarkers and therapeutic tar-
gets for OA patients.
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