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The reduced IncRNA NKILA inhibited
proliferation and promoted apoptosis
of chondrocytes via miR-145/SP1/NF-xB
signaling in human osteoarthritis
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Abstract. - OBJECTIVE: Growing evidence
has shown that long non-coding RNAs (IncRNAs)
play some roles in the progression of osteoarthri-
tis. In this study, we investigated the functions
and mechanisms of IncRNA NKILA (NKILA) of
chondrocytes in human osteoarthritis (OA).

PATIENTS AND METHODS: RT-PCR was used
to detect the expressions of NKILA and miR-145
in OA tissues. After transfection of NKILA overex-
pression lentivirus (LV-NKILA) and NKILA down-
regulation lentivirus (LV-shNKILA) into prima-
ry chondrocytes, MTT assay was carried out to
measure the cell proliferation of chondrocytes.
The expressions of SP1, Bcl-2, Bax, cleaved
caspase-3 and NF-kB signaling factors were de-
tected by Western blot. Moreover, luciferase as-
say was performed to explore the binding site
of NKILA and miR-145, miR-145 and SP1. Finally,
JSH, a NF-kB signaling inhibitor, was added in-
to chondrocytes transfected with LV-shNKILA or
miR-145 mimic to detect that NKILA functions via
miR-145/SP1/NF-kB signaling pathway.

RESULTS: We found that NKILA and SP1 were
significantly reduced, miR-145 was increased in
cartilage tissues of OA patients. After LV-NKILA
transfection, the proliferation ability of chondro-
cytes was improved and cell apoptosis was inhib-
ited; however, the proliferation ability of chon-
drocytes was repressed, and cell apoptosis was
increased in LV-sh NKILA group. MiR-145 was pre-
dicted to be a potential target of NKILA and lucif-
erase gene reporter assay confirmed that NKILA
could directly bind with miR-145. Furthermore,
SP1 was predicted to be a target gene of miR-145
and luciferase gene reporter assay proved that
miR-145 could directly bind with SP1. Finally, we
added JSH, a NF-kB signaling inhibitor, into chon-
drocytes with LV-shNKILA or miR-145 mimic. Re-
sults showed that the repressed SP1 was reversed
after the addition of JSH in both LV-shNKILA and
miR-145 mimic group. Further, the repressed pro-
liferation capacities and promoted cell apoptosis
were also reversed after the addition of JSH.

CONCLUSIONS: According to the results, this
study uncovers NKILA is reduced in human os-
teoarthritic cartilage tissues. Furthermore, we
firstly uncover that the reduced NKILA could
function as a ceRNA to improve miR-145, which
inhibited SP1 expression and regulated NF-«kB
signaling pathway, thereby promoting tissue in-
flammation, and inhibiting proliferation and pro-
moting apoptosis of chondrocytes. Thus, it may
be used as a promising prognostic marker and a
potential target for osteoarthritis.

Key Words:
LNcRNA NKILA, Osteoarthritis, MiR-145, SP1, NF-«B
signaling.

Introduction

Osteoarthritis (OA) is a common chronic joint
disease that may cause local inflammatory re-
sponses, cartilage damage, and changes in car-
tilage structures'”. At present, about 15% of the
population in the world suffers from OA, especial-
ly middle-aged and elderly patients®. OA is char-
acterized by articular cartilage degeneration, loss
of extracellular matrix (ECM), extensive fibrosis
and fissures, resulting in complete loss of carti-
lage surface’. Non-steroidal anti-inflammatory
drugs (NSAIDs) or cyclooxygenase (COX)-2 in-
hibitors are commonly used to relieve symptoms
in patients with OA®’. While the advanced patients
need surgical intervention, including arthroscopic
surgery and artificial joint replacement'® . Some
researchers reported that autologous chondrocyte
transplantation may become a new treatment strat-
egy for arthritis and bone defects'>!*. However, due
to the unclear pathogenesis of OA, there is no ef-
fective treatment and symptomatic solution.
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More and more evidence showed that OA may
be associated with abnormal IncRNAs expres-
sions in chondrocytes'*"”. Long non-coding RNAs
(IncRNAs) are a class of RNAs, which are more
than 200 nucleotides in length, but do not have
protein-coding functions. It has been revealed that
IncRNAs could function as a competing endoge-
nous RNA (ceRNA) to interact with microRNAs
(miRNAs), which will regulate different functions
of various diseases, including OA™*!. For example,
Li et al” reported that Inc-CIR promotes the deg-
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radation of extracellular matrix of osteoarthritic
chondrocytes through miR-27b. It has also been
reported that Inc-ZFASI plays an important role
in proliferation, apoptosis and migration of chon-
drocyte in osteoarthritis®®; moreover, the Inc-XIST/
miR-211 axis regulates proliferation and apoptosis
of osteoarthritic chondrocytes via chemokine re-
ceptor CXCR4 and MAPK signaling®. Although
many IncRNAs are associated with OA, evidence
for NKILA and OA has not been found in current
literature. A series of studies have confirmed that
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Figure 1. NKILA was reduced in cartilage tissue of human osteoarthritis. (A) The mRNA level of NKILA in osteoarthritis
patients and control patients was detected by RT-PCR. (B-D) The mRNA level of Inc-HNF1A-ASI, Inc-JPX and Inc-TCF7 was
also detected by RT-PCR. Data are shown as mean + SD based on at least three independent experiments, **p<0.01.
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Figure 2. Upregulation of NKILA promotes proliferation of chondrocytes. (A) The NKILA expression was detected after
LV- NKILA infection by RT-PCR. (B) The proliferation rate of chondrocytes was analyzed by MTT assay. (C-E) The mRNA
and protein levels of apoptotic and anti-apoptotic genes were detected by RT-PCR and WB (magnifications x 1.2). Data are
shown as mean + SD based on at least three independent experiments, *p<0.05; **p<0.01; ***p<0.001.

NKILA is a regulator of cancer cell proliferation,
migration and invasion in many cancers, such as
osteosarcoma, hepatocellular carcinoma, small cell
lung cancer, etc.?*?, but its potential function in the
development of OA remains unclear.

NF-kB signaling is involved in a variety of in-
tracellular and extracellular stimulatory responses
and plays an important role in regulating immune
response, cellular stress response and cancer devel-
opment**?. SP1 is a member of SP family in tran-
scription factors, which is ubiquitously expressed in
mammalian cells and can bind to and act through
GC boxes to regulate gene expressions, such as NF-
kB signaling pathway**®. The NF-kB pathway is
the main inflammatory signal, which is regulated by
RelA (p65), RelB, NF-«Bl1, and NF-«B2. The acti-

vation of this pathway is mainly regulated via phos-
phorylation and nuclear localization of p65, thereby
regulating downstream target gene expressions®2,
Some studies have shown that NF-xB signaling
plays an important role in regulating chondrocyte
proliferation, and the inhibition of NF-kB signaling
can alleviate osteoarthritis*”3°; however, the detailed
molecular mechanism remains unclear.

Our previous study screened the differentially
expressed IncRNAs in osteoarthritis and verified
in human cartilage tissue samples, which prelim-
inarily confirmed that NKILA was downregulat-
ed in human osteoarthritis tissue. Studies showed
that NKILA could regulate NF-xB signals in os-
teosarcoma and other tumors*>?*, However, the
functions of NKILA and the relationship with
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NF-xB signals in osteoarthritis remained un-
known. In this study, we intended to investigate
the role of NKILA among chondrocytes in human
osteoarthritis. And we want to explore the rela-
tionship between NKILA and NF-kB signaling in
the development of osteoarthritis.

Patients and Methods

Sample Collection

12 cartilage tissue samples were collected from
patients with osteoarthritis by surgical resection
in our hospital from August 2013 to August 2017.
And 12 healthy control tissue samples were col-
lected from patients with traumatic emergen-
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cy amputation at the same period. Patients with
rheumatoid arthritis and infectious arthritis were
excluded from our study. All patients underwent
excision of the full thickness of the femoral con-
dyle and a small amount of subchondral bone
before the tissue examination. All tissue samples
were frozen in a liquid nitrogen at -80°C. In-
formed consent was obtained from each patient.
This study was approved by the Faculty of Medi-
cine’s Ethics Committee of our hospital.

Primary Chondrocytes Isolation
and Cell Culture

The isolation and culture methods of prima-
ry chondrocytes from tissue samples were used
according to the method reported by Wu et al®’.
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Figure 3. Downregulation of NKILA inhibited proliferation of chondrocytes. (A) The NKILA expression was detected
after LV- shNKILA infection by RT-PCR. (B) The proliferation rate of chondrocytes was analyzed by MTT assay. (C-E) The
mRNA and protein levels of apoptotic and anti-apoptotic genes were detected by RT-PCR and WB (magnifications x 1.2). Data

are shown as mean = SD based on at least three independent experiments,
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Cells were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM)/FI12 medium (Gibco,
Rockville, MD, USA) containing 10% fetal bo-
vine serum (FBS; Gibco), penicillin (100 U/ml),
and streptomycin (100 pg/ml), then cells were cul-
tured at 37°C and 5% CO, in an incubator.

Construction of Lentivirus
and Cell Transfection

The full length of human NKILA ¢cDNA was
synthesized and cloned into a lentivirus (Shang-
hai GenePharma Co, Ltd, Shanghai, China),
which named LV-NKILA, resulting in NKILA
overexpression. And the short hairpin NKILA
(shNKILA) cDNA was synthesized and cloned
into a lentivirus (Shanghai GenePharma Co, Ltd,
Shanghai, China), which named LV-shNKILA,
resulting in NKILA downregulation. LV-NKILA
and LV-shNKILA and their negative control (NC)
were respectively added into chondrocytes for 24
hours according to the manufacturer’s protocol.
Then the transfection efficiency was observed
under an inverted fluorescent microscope. The
stable cell lines of chondrocytes with NKILA
overexpression or NKILA downregulation were
constructed after 1 to 2 weeks. Cells were pre-
pared and harvested for further study.

MTT Assay

Chondrocytes were respectively transfected
with LV-NC, LV-NKILA or LV-shNKILA for

Table I. Sequences of primers for RT-PCR.

48 h, then cells were digested and seeded on 96-
well plates (5x10°%/well) and cultured in DMEM/
F12 medium at a suitable condition for 0, 3, 7 and
14 d. Afterward, 10 pl 5g/1 of MTT (Amresco,
Solon, OH, USA) was added to each well and cul-
tured for 4 h, and 150 pl of dimethyl sulfoxide
(DMSO) (Sigma-Aldrich, St. Louis, MO, USA)
was added to each well for 30 mins. Then the pro-
liferation rate of chondrocytes was measured by
MTT assay. The absorbance (OD) value of each
well was measured at 570 nm with microplate
reader (Thermo Fisher, Waltham, MA, USA).
Cell viability (P%)=0D (experimental group)/OD
(control group)x100%. And every experiment was
repeated for three times.

RNA Extraction and Quantitative
Real-Time PCR

Total RNA of chondrocytes was extracted by
using TRIzol (Invitrogen, Carlsbad, CA, USA)
according to its protocol. Reverse transcription
was performed by using PrimeScript™ RT reagent
Kit (TaKaRa, Otsu, Shiga, Japan) according to
the protocol. PCR primers were synthesized by
Gene Pharma (ShangHai Gene Pharma, Shang-
Hai, China). mRNA expressions were detected by
SYBR Premix Ex Taq II (TaKaRa, Otsu, Shiga,
Japan). GAPDH was used as a reference gene and
24AC¢T method was used to calculate the relative
gene expressions. The gene specific primers were
listed in Table 1.

Genes Primer sequences
Lnc-NKILA Forward: 5'-AACCAAACCTACCCACAACG -3'
Reverse: 5'- ACCACTAAGTCAATCCCAGGTG-3'
Lnc-MALATI1 Forward:5'- AGCGGAAGAACGAATGTAAC-3'
Reverse: 5'- GAACAGAAGGAAGAGCCAAG-3'
Lnc-MEG3 Forward:5'- CTCAGGCAGGATCTGGCATA-3'
Reverse: 5'- CCTGGAGTGCTGTTGGAGAA-3'
Lne-p21 Forward:5'- CCTGTCCCACTCGCTTTC-3'
Reverse: 5'- GGAACTGGAGACGGAATGTC-3'
miR-145 Forward:5'- GGCGTCCAGTTTTCCCAG-3'
Reverse: 5'- CAGTGCTGGGTCCGAGTGA-3'
Bax Forward:5'- GCGACTGATGTCCCTGTCTC-3'
Reverse: 5'- AAAGATGGTCACGGTCTGCC-3'
Bcl-2 Forward:5'- CTCCCACAGACTCTGTAAG-3'
Reverse: 5'- GCATTACCTGGGGCTGTAATT-3'
Caspase3 Forward:5-ATTTGGAACCAAAGATCATACA-3'

Reverse: 5'- CTGAGGTTTGCTGCATCGAC-3'
18[9) Forward:5'- CGCTTCGGCAGCACATATACT -3'
Forward:5'- CGCTTCACGAATTTGCGTGTC-3'
Forward:5'- CCAAGGCCAACCGCGAGAAGAT -3'
Forward:5'- -AGGGTACATGGTGGTGCCGCCA -3'

B-actin
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Figure 4. NKILA could directly bind with miR-145 in chondrocytes. (A) The levels of miR-145 were detected by RT-PCR
in osteoarthritis patients and control patients. (B) The relationship between NKILA and miR-145 was analyzed by correlation
analysis. (C-D) The levels of miR-145 were detected in chondrocytes infected with LV-NKILA and LV-sh NKILA. (E) Po-
tential binding sites between NKILA and miR-145 were predicted by starBase v2.0 database and NKILA-wt and NKILA-mut
sequences were constructed. (F) The luciferase reporter assay was performed to determine the binding site. Data are shown as
mean + SD based on at least three independent experiments, **p<0.01.
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Figure 5. NKILA promoted proliferation of chondrocyte by regulating with miR-145. (A) The levels of NKILA and miR-145
were detected in LV-shNKILA or co-transfected with miR-145 inhibitor by RT-PCR. (B) The proliferation capacities were
detected by MTT assay. (C-D) The protein levels of apoptotic genes were also detected by WB (magnifications x 1.2). Data are
shown as mean + SD based on at least three independent experiments. “A” means it was significantly different when compared

with the LV-shNKILA group; *p<0.05; **p<0.01.

Protein Extraction and Western Blot
After the treatment of chondrocytes in each
group for 48 h, the total protein was extracted
from cells by using a RIPA lysis buffer (Biyuntian,
Shanghai, China). The concentration was measured
with BCA kit (Sigma-Aldrich). 50 ug proteins were
added to 10% sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and the
separated proteins were transferred onto polyvi-
nylidene difluoride (PVDF) membranes. After that,
the membranes were blocked with 3%BSA (Amres-
co) at room temperature for 1 h. Then membranes
were incubated with primary antibodies overnight
at 4°C, all primary antibodies were bought from
Cell Signaling Technology (CST), Bax (1:1000),
Bcel-2 (1:1000), cleaved caspase-3 (1:1000), IkBa
(1:1000), p-IkBa (1:1000), p65 (1:1000), B-actin
(1:1000). Then they were subsequently incubated

with matched secondary antibodies (1:5000) for 1 h.
Protein bands were detected by Pierce ECL. West-
ern blot substrate (Thermo Fisher Scientific) with
ECL detection system (Thermo Fisher Scientific).

Luciferase Assay

The potential binding sequence NKILA-wt with
miR-145 and mutant sequence NKILA-mut were
synthesized into pmiR-GLO (Promega, Madison,
WI, USA). Chondrocytes were seeded into a 48-
well plate and cultured for 12 h; after that, they were
co-transfected with the NKILA-wt or NKILA-mut
reporter gene plasmid and miR-145 mimic for 24 h.
200 ng plasmids were mixed with Lipofectamine
2000, Renilla luciferase plasmids and DMEM medi-
um for 30 mins at room temperature, then the mix-
ture was added into the co-transfected cells for 24 h.
Finally, cells were lysed and the activities of Renilla
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Figure 6. MiR-145 could directly bind with SP1 in chondrocytes. (A) The protein levels of SP1 were detected by WB in OA
patients and control. (B-C) The relationships between SP1 and miR-145, SP1 and NKILA were analyzed by correlation analy-
sis. (D-E) The protein levels of SP1 were detected in chondrocytes infected with LV-NKILA and LV-sh NKILA. (F) Potential
binding sites between SP1 and miR-145 were predicted and WT-SP1 and MUT-SP1 sequences were constructed. (G) The
luciferase reporter assay was performed to determine the binding site. Data are shown as mean = SD based on at least three

independent experiments, **p<0.01, ***p<0.001.

luciferase and Firefly luciferase were measured by
using Promega Luciferase Assay (Promega, Madi-
son, WI, USA). Data were normalized against the
activity of the Renilla luciferase and the ratio of
them revealed the relative activity of luciferase.

Statistical Analysis

All data were analyzed by SPSS 19.0 (IBM
Corp. Released 2010; IBM SPSS Statistics for
Windows, Version 19.0. Armonk, NY, USA) and
GraphPad Prism 6.0 (GraphPad Software, La
Jolla, CA, USA). The data were expressed as the
mean+SD. Every assay was applied at least three
independent experiments or replicates. The sig-
nificance between two groups was analyzed by
Student’s 7-test and multiple comparison between
the groups was performed by SNK method after
ANOVA analysis. If p-value <0.05, it was consid-
ered statistically significant.

Results
NKILA was Reduced in Cartilage Tissue
of Human Osteoarthritis

The total RNA of cartilage specimens with os-
teoarthritis and normal cartilage specimens were
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extracted and four IncRNAs were detected by RT-
PCR. Reports showed that Inc-HNF1A-ASI, Inc-
JPX and Inc-TCF7 participated in the proliferation
or the apoptosis of some cancers*?*, and we also
detected those gene expressions in our samples.
Results showed that NKILA was significantly re-
duced in cartilage tissue of human osteoarthritis
(Figure 1A) (p<0.05), while no differences had
been found in other three IncRNAs (Figure 1B-D)
(p>0.05), which indicated that NKILA might play
some important roles in osteoarthritis.

Upregulation of NKILA Promoted
Proliferation of Chondrocytes

To explore the functions of NKILA in chondro-
cytes of osteoarthritis, the LV-NKILA was con-
structed, which resulted in NKILA overexpres-
sion. After LV-NKILA infection to human primary
chondrocytes, the NKILA level was significantly
increased (Figure 2A) (p<0.001). The MTT assay
was performed to evaluate whether it could regu-
late the proliferation of chondrocytes. The results
showed that the overexpression of NKILA signifi-
cantly promoted chondrocytes proliferation at 3
d, 7 d and 14 d, compared with the control group
(Figure 2B) (p<0.05). In addition, we also detected
the apoptotic gene expressions to evaluate wheth-
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Figure 7. NKILA promoted proliferation and inhibited apoptosis via miR-145/SP1/NF-kB signaling pathway in chondro-
cytes. (A-D) The protein levels of SP1, p-IkBa, IkBa and p65 were detected in chondrocytes transfected with LV-NKILA and
LV-shNKILA by WB (magnifications x 1.2). (E) The cell capacities were measured in chondrocytes with LV-shNKILA or
added with JSH by MTT assay. (F-G) The protein levels of SP1, apoptotic and anti-apoptotic genes were also detected by WB
(magnifications x 1.2). (H) The miR-145 levels were detected after miR-145 mimic transfection into chondrocytes by RT-PCR.
(I-J) The protein levels of SP1, IkBa and p65 were detected by WB (magnifications x 1.2). (K) The proliferation capacities
were detected by MTT assay. (L-M) The protein levels of SP1 and apoptotic genes were also detected by WB (magnifications
x 1.2). Data are shown as mean = SD based on at least three independent experiments. “A” means it was significantly different
when compared with the miR-145 mimic group; *p<0.05; **p<0.01, ***p<0.001.
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er it could regulate the apoptosis of chondrocytes.
Results showed that the apoptotic genes, Bax and
cleaved caspase-3, were significantly decreased,
while the anti-apoptotic gene Bcl-2 was signifi-
cantly increased in LV-NKILA group (Figure 2C-
E) (p<0.05), compared to the control. These results
indicated that the upregulation of NKILA promot-
ed proliferation of chondrocytes.

Downregulation of NKILA Inhibited
Proliferation of Chondrocytes

To further prove the functions of NKILA in
chondrocytes of osteoarthritis, the LV-shNKI-
LA was constructed, which resulted in NKILA
downregulation. After LV-shNKILA infection to
human primary chondrocytes, the NKILA level
was significantly repressed (Figure 3A) (p<0.01).
The MTT assay showed that the downregulation of
NKILA significantly repressed chondrocytes pro-
liferation at 3 d, 7 d and 14 d, compared with the
control group (Figure 3B) (p<0.05). Furthermore,
the apoptotic genes, Bax and cleaved caspase-3,
were significantly increased, while the anti-apop-
totic gene Bcl-2 was significantly repressed in
LV-NKILA group (Figure 3C-E) (p<0.05), com-
pared to the control, which further indicated that
the downregulation of NKILA repressed the pro-
liferation of chondrocytes. Above all, these results
indicated that NKILA could promote proliferation
and inhibit apoptosis of chondrocytes.

NKILA Could Directly Bind with miR-145
in Chondrocytes

To explore the detailed mechanism of how
NKILA promoted cell proliferation and inhib-
ited apoptosis of chondrocytes in osteoarthritis,
we used starBase v2.0 database and miR-145
was identified as a potential targeting miRNA
that contained potential binding sites with NKI-
LA. Then we detected miR-145 expressions
in osteoarthritis patients by RT-PCR. Results
showed that miR-145 was significantly increased
in osteoarthritis patients (Figure 4A) (p<0.001).
Moreover, the expression of miR-145 was nega-
tively correlated with NKILA in osteoarthritis
patients (Figure 4B) (p<0.01). In addition, the
level of miR-145 was significantly decreased in
chondrocytes infected with LV-NKILA (Fig-
ure 4C) (p<0.01), while it was increased in LV-
sh NKILA chondrocytes (Figure 4D) (p<0.01).
These results suggested that NKILA negatively
interacted with miR-145, which was predicted
to be a target of NKILA (Figure 4E). To further
confirm that NKILA could function as a ceRNA
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to competitively bind with miR-145, NKILA-wt
and NKILA-mut sequences were constructed and
the luciferase gene reporter assay was performed.
Results showed that the relative luciferase activity
in chondrocytes co-transfected with NKILA-wt
and miR-145 mimic was significantly repressed
compared with that in the cells transfected with
miR-145 NC. However, the relative luciferase ac-
tivity in chondrocytes co-transfected with NKI-
LA-mut and miR-145 mimic was reversed (Figure
4F) (p<0.01). These results indicated that NKILA
could function as a ceRNA to competitively bind
with miR-145 in chondrocytes.

NKILA Promoted Proliferation
of Chondrocyte by Regulating
with miR-145

To further investigate the function of miR-145
in the regulation of chondrocyte proliferation by
NKILA, the miR-145 inhibitor was transfected
into chondrocytes with LV-sh NKILA. Then we
detected the mRNA levels of NKILA and miR-
145. The results showed that NKILA level was
decreased in LV-sh NKILA, while it was reversed
after transfecting with miR-145 inhibitor (Figure
5A) (p<0.01). The miR-145 level was increased
in LV-sh NKILA, while it was reversed after
transfecting with miR-145 inhibitor (Figure 5A)
(p<0.05). These results suggested that miR-145
inhibitor was successfully transfected into chon-
drocytes and it could competitively bind with miR-
145, thereby upregulating NKILA levels. Further-
more, we detected the proliferation capacity by
MTT assay and western blot. Results showed that
the cell proliferation was reduced in LV-shNKI-
LA group, while it was significantly increased
after transfecting with miR-145 inhibitor (Fig-
ure 5B) (p<0.05). Western blot results revealed
that Bcl-2 was reduced while Bax and cleaved
Caspase3 were increased in LV-shNKILA group;
however, they were reversed after transfecting
with miR-145 inhibitor (Figure 5C,D) (p<0.05).
These above results indicated that NKILA pro-
moted cell proliferation and inhibited apoptosis
by binding with miR-145 in chondrocytes.

MiR-145 Could Directly Bind with SP1
in Chondrocytes

To further explore the role of miR-145 in chon-
drocytes, TargetScan database was performed to
evaluate target genes of miR-145 and SP1 was pre-
dicted as a target gene of miR-145, which was as-
sociated with cell proliferation via NF-kB signal-
ing pathway?*?*, We found that the protein level of
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SP1 was also repressed in OA patients (Figure 6A)
(p<0.01), which was negatively correlated with
miR-145 and positively correlated with NKILA
(Figure 6B,C) (p<0.01). Furthermore, we detect-
ed the protein levels of SP1 in chondrocytes with
LV-NKILA and LV-sh NKILA. Results showed
that SP1 was increased following with NKILA
overexpression (Figure 6D) (p<0.01), while it was
repressed following with NKILA downregula-
tion (Figure 6E) (p<0.01). These results suggest-
ed that SP1 negatively interacted with miR-145,
which was positively correlated with NKILA. To
further confirm that miR-145 could target bind
with SP1, WT-SP1 and MUT-SPI1 sequences were
constructed and the luciferase gene reporter assay
was performed. Results showed that the relative
luciferase activity in chondrocytes co-transfected
with WT-SP1 and miR-145 mimic was significant-
ly repressed compared with that in the cells trans-
fected with miR-145 NC. However, the relative
luciferase activity in chondrocytes co-transfected
with MUT-SP1 and miR-145 mimic was reversed
(Figure 6F) (p<0.01). These results indicated that
miR-145 might directly bind with SP1 in chondro-
cytes and regulated the development of OA.

NKILA Promoted Proliferation and
Inhibited Apoptosis via miR-145/5P1/
NFxB Signaling Pathway in Chondrocytes
The detailed mechanism of how NKILA pro-
moted proliferation and inhibited apoptosis in
chondrocytes remained unknown, and we found
that NKILA and NF-xB signaling are mutually
regulated in some cancers***. Our previous re-
sults indicated that miR-145 could directly bind
with SP1, which could regulate NF-xB signaling
pathway>*?*. As a result, we assumed that NKI-
LA could bind to miR-145, which targeted at SP1
and regulated NF-xB signaling pathway, there-
by regulating cell proliferation and apoptosis in
chondrocytes. To verify that assumption, firstly,
we detected some NF-xB signaling factor after
transfecting with LV-NKILA and LV-shNKILA.
Results showed that the protein levels of p-IkBa
and p65 were repressed, SP1 and [kBo were in-
creased in the LV-NKILA group (Figure 7A,B)
(p<0.05); however, these proteins were reversed
in LV-shNKILA group (Figure 7C,D) (p<0.05).
To further verify that NKILA promoted prolifer-
ation and inhibited apoptosis via SP1/NF-«xB sig-
naling pathway, JSH, a NF-«kB signaling inhibitor,
was added into chondrocytes infected with LV-sh
NKILA. Results showed that the protein level of
SP1 and the proliferation capacity was repressed,

cell apoptosis was increased in LV-shNKILA
group, while they were reversed after the addition
of JSH. (Figure 7E-G) (p<0.05). These results in-
dicated that NKILA inhibited SP1/NF-kB signal-
ing pathway in chondrocytes.

Finally, we transfected miR-145 mimic into
chondrocytes. Results showed that the levels of
miR-145 were significantly increased after miR-
145 mimic transfection (Figure 7H) (p<0.01). The
protein levels of SP1 and IkBa were repressed,
while p65 was increased in miR-145 mimic group
(Figure 71,J) (p<0.01). Then we added JSH into
cells with miR-145 mimic to verify that miR-145
regulated cell proliferation via SP1/NF-kB sig-
naling pathway. Results showed that the protein
level of SP1 and the proliferation capacity was re-
pressed, cell apoptosis was increased in miR-145
mimic group, while they were reversed after the
addition of JSH. (Figure 7K-M) (p<0.05). Above
all, these results indicated that NKILA might pro-
mote proliferation and inhibit apoptosis of chon-
drocytes through binding with miR-145, which
targeted at binding with SP1 and then regulated
NF-«xB signaling pathway.

Discussion

Recent studies have found that IncRNAs are
closely related to the development of OA. The
abnormal expressions of many IncRNAs are in-
volved in the extracellular matrix degradation,
proliferation and apoptosis of chondrocytes'®'.
Increasing evidence indicates that IncRNAs are
biological regulators of OA and can be used as a
biomarker for early prevention, clinical diagnosis
and treatment of OA, But the specific func-
tions and detailed mechanisms of IncRNAs in the
development of OA remain unclear. Our group
found that NKILA was downregulated in osteo-
arthritic cartilage tissues, which might play some
roles in the progression of OA.

To further investigate the roles of NKILA in
OA, we constructed the LV- NKILA and LV-
shNKILA, resulted in NKILA overexpression
and downregulation, which were infected to
chondrocytes. After that, the cell viability, apop-
totic and antiapoptotic genes were detected. Re-
sults showed that the overexpression of NKILA
promoted the proliferation of chondrocytes and
inhibited apoptosis; on the contrary, the downreg-
ulation of NKILA resulted with opposite results,
indicating that NKILA promoted proliferation
and inhibited apoptosis of chondrocytes.
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However, the detailed mechanism remained
unknown. We used starBase v2.0 database and
miR-145 was identified as a potential target miR-
NA that contained potential binding sites with
NKILA. Next, we detected miR-145 expressions
in OA patients. Results showed that miR-145 was
increased in OA patients, which was negatively
correlated with NKILA in OA patients. Luciferase
gene reporter assay indicated that NKILA could
function as a ceRNA to competitively bind with
miR-145 in chondrocytes. Researchers®-* showed
that miR-145 regulated a variety of processes in
some cancers, including cell proliferation, dif-
ferentiation and EMT. In our study, NKILA in-
hibited miR-145 and then promoted chondrocyte
proliferation, which was consistent with the pre-
vious reports. To further investigate the function
of miR-145 in the regulation of chondrocyte pro-
liferation by NKILA, the miR-145 inhibitor was
transfected into chondrocytes with LV-sh NKI-
LA. We found that the cell proliferation capacity
and anti-apoptotic genes were reduced, while the
apoptotic genes were increased in LV-shNKILA
group; however, they were reversed after trans-
fecting with miR-145 inhibitor. These data indi-
cated that NKILA promoted cell proliferation and
inhibited apoptosis by binding with miR-145 in
chondrocytes.

SP1 is a member of SP family in transcription
factors, which is ubiquitously expressed in mam-
malian cells and can bind to and act through GC
boxes to regulate gene expressions and cell pro-
liferation, such as NF-kB signaling pathway**2.
And TargetScan database was used to predict tar-
get genes and SP1 was predicted as a potential tar-
get gene of miR-145. Then, we detected SP1 pro-
tein expressions in OA patients. Results showed
that SP1 was repressed in OA patients, which was
negatively correlated with miR-145 and positively
correlated with NKILA. Furthermore, luciferase
assay confirmed that miR-145 could directly bind
with SP1. These findings indicated that miR-145
might directly bind with SP1 in chondrocytes and
regulate the development of OA.

Collectively, we assumed that NKILA could
bind to miR-145, which targeted at SP1 and reg-
ulated NF-xB signaling pathway, thereby reg-
ulating cell proliferation and apoptosis in chon-
drocytes. To prove our assumption, we found
that the protein levels of p-IkBa and p65 were
repressed, and SP1 and [kBa were increased in
the LV-NKILA group. However, these proteins
were reversed in LV-shNKILA group. To further
verify that NKILA promoted proliferation and in-
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hibited apoptosis via SPI/NF-kB signaling path-
way, JSH, a NF-xB signaling inhibitor, was added
into chondrocytes infected with LV-sh NKILA or
miR-145 mimic. Data showed that the repressed
SP1 were both reversed after the addition of JSH,
and the repressed proliferation capacities and pro-
moted cell apoptosis were also reversed after the
addition of JSH. Above all, these results indicat-
ed that the reduced NKILA might inhibit prolif-
eration and promote apoptosis of chondrocytes
through binding with miR-145, which targeted at
binding with SP1 and then regulated NF-kB sig-
naling pathway.

Conclusions

This study reveals that IncRNA NKILA is re-
duced in human osteoarthritic cartilage tissues.
Furthermore, we firstly uncover that the reduced
NKILA could function as a ceRNA to improve
miR-145, which inhibited SP1 expression and reg-
ulated NF-xB signaling pathway, thereby promot-
ing tissue inflammation, inhibiting proliferation
and promoting apoptosis of chondrocytes, which
may be used as a promising prognostic marker
and a potential target for osteoarthritis.

Conflict of Interests
The Authors declare that they have no conflict of interests.

References

1) DurG S, LoBo M, VENKATACHALAM L, RAo G, BHATE J.
A systematic review and meta-analysis of oxace-
prol in the management of osteoarthritis: an evi-
dence from randomized parallel- group controlled
trials. Pharmacol Rep 2019; 71: 374-383.

2) ParkinsoN L, WAaters DL, Franck L. Systematic re-
view of the impact of osteoarthritis on health out-
comes for comorbid disease in older people. Os-
teoarthritis Cartilage 2017; 25: 1751-1770.

3) Braney DE, van Caam AP, vaN Der Kraan PM. Osteo-
arthritis year in review 2016: biology. Osteoarthri-
tis Cartilage 2017; 25: 175-180.

4) vaN Meurs JB. Osteoarthritis year in review 2016:
genetics, genomics and epigenetics. Osteoarthri-
tis Cartilage 2017; 25: 181-189.

5) Lane NE, SHibARA K, Wise BL. Osteoarthritis year
in review 2016: clinical. Osteoarthritis Cartilage
2017; 25: 209-215.

6) PosTier A, Ramos AL, Goronzy J, GOUNTHER KP, LANGE

T, Scumitt J, Zink A, Horrmann F. Prevalence and
treatment of hip and knee osteoarthritis in people



LncRNA NKILA modulated chondrocytes in osteoarthritis

7)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

aged 60 years or older in Germany: an analysis
based on health insurance claims data. Clin In-
terv Aging 2018; 13: 2339-2349.

LuZ LuQ, LiuL, Wu H, ZHenG L, ZHAo JM. A novel
synthesized sulfonamido-based gallate-JEZTC
blocks cartilage degradation on rabbit model of
osteoarthritis: an in vitro and in vivo study. Cell
Physiol Biochem 2018; 49: 2304-2319.

Akazawa M, Mimura W, Toco K, EBATA N, HARA-
pA N, Murano H, AsraHAM L, Fuun K. Patterns of
drug treatment in patients with osteoarthritis and
chronic low back pain in Japan: a retrospective
database study. J Pain Res 2019; 12: 1631-1648.

RaBAGo D, Nourani B. Prolotherapy for osteoarthri-
tis and tendinopathy: a descriptive review. Curr
Rheumatol Rep 2017; 19: 34.

WINTER AR, Cotuins JE, Katz JN. The likelihood of
total knee arthroplasty following arthroscopic sur-
gery for osteoarthritis: a systematic review. BMC
Musculoskelet Disord 2017; 18: 408.

Moriya M, FukusHiMA K, UcHiYaMA K, TAKAHIRA N, YA-
mamoto T, MineaisHi Y, Takaso M. Clinical results of
arthroscopic surgery in patients over 50 years of
age-what viability does it have as a joint preser-
vative surgery? J Orthop Surg Res 2017; 12: 2.

YanGg W, Lee S, Jo YH, Lee KM, Nemeno JG, Nav BM,
Kim BY, Jang 1J, Kim HN, Takese T, Lee JI. Effects of
natural cartilaginous extracellular matrix on chon-
drogenic potential for cartilage cell transplanta-
tion. Transplant Proc 2014; 46: 1247-1250.

BArTz C, MEIXNER M, GIESEMANN P, RoEL G, Burwin
GC, Smink JJ. An ex vivo human cartilage repair
model to evaluate the potency of a cartilage cell
transplant. J Transl Med 2016; 14: 317.

Huana J, Liu L, YanG J, DinG J, Xu X. IncRNA DILC
is downregulated in osteoarthritis and regulates
IL-6 expression in chondrocytes. J Cell Biochem
2019; 120: 16019-16024.

TanG L, DING J, ZHou G, Liv Z. LncRNAp21 pro-
motes chondrocyte apoptosis in osteoarthritis
by acting as a sponge for miR451. Mol Med Rep
2018; 18: 5295-5301.

Cen X, HuanG XQ, Sun WT, Liu Q, Liu J. Long non-
coding RNAs: a new regulatory code in osteoar-
thritis. Am J Transl Res 2017; 9: 4747-4755.

Jiang S D, Lu J, DenG Z H, Ler GH. Long noncoding
RNAs in osteoarthritis. Joint Bone Spine 2017;
84: 553-556.

SuN H, PenGg G, NING X, WANG J, YANG H, DEeNG J.
Emerging roles of long noncoding RNA in chon-
drogenesis, osteogenesis, and osteoarthritis. Am
J Transl| Res 2019; 11: 16-30.

Li YF, Li SH, L Y, Luo YT. Long noncoding RNA
CIR promotes chondrocyte extracellular ma-
trix degradation in osteoarthritis by acting as a
sponge for mir-27b. Cell Physiol Biochem 2017;
43: 602-610.

Ye D, Jian W, Fenc J, Liao X. Role of long noncod-
ing RNA ZFAS1 in proliferation, apoptosis and mi-
gration of chondrocytes in osteoarthritis. Biomed
Pharmacother 2018; 104: 825-831.

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

Li L, Lv G, WanG B, Kuang L. The role of IncRNA
XIST/miR-211 axis in modulating the prolifera-
tion and apoptosis of osteoarthritis chondrocytes
through CXCR4 and MAPK signaling. Biochem
Biophys Res Commun 2018; 503: 2555-2562.

ZHANG G D, Li'Y, Liao G J, Qiu HW. LncRNA NKILA
inhibits invasion and migration of osteosarcoma
cells via NF-kappaB/Snail signaling pathway. Eur
Rev Med Pharmacol Sci 2019; 23: 4118-4125.

Ke S, Li RC, Meng FK, FAng MH. NKILA inhibits
NF-kappaB signaling and suppresses tumor me-
tastasis. Aging (Albany NY) 2018; 10: 56-71.

YANG L, Sun K, CHu J, Qu Y, ZHAo X, YIN H, MiNG L,
WAanN J, He F. Long non-coding RNA FTH1P3 regu-
lated metastasis and invasion of esophageal squa-
mous cell carcinoma through SP1/NF-kB pathway.
Biomed Pharmacother 2018; 106: 1570-1577.

Mei LL, WanG WJ, Quu YT, Xie XF, BaiJ, St ZZ. miR-
145-5p suppresses tumor cell migration, invasion
and epithelial to mesenchymal transition by reg-
ulating the Sp1/NF-kappaB signaling pathway in
esophageal squamous cell carcinoma. Int J Mol
Sci 2017; 18. pii: E1833.

YanG T, Li'S, LiuJ, Yin D, YanG X, TanG Q. IncRNA-NKI-
LA/NF-kappaB feedback loop modulates larynge-
al cancer cell proliferation, invasion, and radiore-
sistance. Cancer Med 2018; 7: 2048-2063.

Liu T, ZHANG L, Joo D, Sun SC. NF-kappaB signal-
ing in inflammation. Signal Transduct Target Ther
2017; 2. pii: 17023.

Lin Z, Wu D, HuanG L, JianGg C, PAN T, KANG X, PaN
J. Nobiletin inhibits IL-1beta-induced inflammation
in chondrocytes via suppression of NF-kappaB
signaling and attenuates osteoarthritis in mice.
Front Pharmacol 2019; 10: 570.

Su P, Liu X, PanG Y, Liu C, Li R, ZHANG Q, LianG H,
WanG H, Li Q. The archaic roles of the lamprey
NF-kappaB (lj-NF-kappaB) in innate immune re-
sponses. Mol Immunol 2017; 92: 21-27.

LIANG Y, CHEN S, YANG Y, LAN C, ZHANG G, Ji Z, LIN H.
Vasoactive intestinal peptide alleviates osteoar-
thritis effectively via inhibiting NF-kappaB signal-
ing pathway. J Biomed Sci 2018; 25: 25.

Wu J, TAo Y, SHANG A, WANG W, ZHANG Y, Hu L,
WanG J, WanG Y, Guo N. Effect of the interaction
between MiR-200b-3p and DNMTS3A on cartilage
cells of osteoarthritis patients. J Cell Mol Med
2017; 21: 2308-2316.

ZHANG G, AN X, ZHAo H, ZHANG Q, ZHAo H. Long
non-coding RNA HNF1A-AS1 promotes cell pro-
liferation and invasion via regulating miR-17-5p in
non-small cell lung cancer. Biomed Pharmacoth-
er 2018; 98: 594-599.

Wu J, WanG D. Long noncoding RNA TCF7 pro-
motes invasiveness and self-renewal of human
non-small cell lung cancer cells. Hum Cell 2017;
30: 23-29.

Li J, Feng L, Tian C, TanG YL, TanG Y, Hu FQ. Long
noncoding RNA-JPX predicts the poor prognosis
of ovarian cancer patients and promotes tumor
cell proliferation, invasion and migration by the

547



H. Xue, P. Yu, W.-Z. Wang, Y.-Y. Niu, X. Li

35)

36)

PI3K/Akt/mTOR signaling pathway. Eur Rev Med
Pharmacol Sci 2018; 22: 8135-8144.

Wu X, HAN Y, Liu F, Ruan L. Downregulations of
miR-449a and miR-145-5p act as prognostic bio-
markers for endometrial cancer. J Comput Biol
2019 Sep 12. doi: 10.1089/cmb.2019.0215. [Epub
ahead of print]

WanG Y, Lian YM, Ge CY. MiR-145 changes sen-
sitivity of non-small cell lung cancer to gefitinib
through targeting ADAM19. Eur Rev Med Phar-
macol Sci 2019; 23: 5831-5839.

548

37)

38)

MAaNvATI S, MANGALHARA KC, KALAIARASAN P, CHOPRA
R, AGARWAL G, KumARr R, SAINI SK, KausHik M, Aro-
RA A, Kumarl U, Bamezal RNK, DHAR PK. miR-145
supports cancer cell survival and shows associ-
ation with DDR genes, methylation pattern, and
epithelial to mesenchymal transition. Cancer Cell
Int 2019; 19: 230.

ZEINALI T, MANsooRrl B, MoHAMMADI A, BARADARAN B.
Regulatory mechanisms of miR-145 expression
and the importance of its function in cancer metas-
tasis. Biomed Pharmacother 2019; 109: 195-207.



