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ZBTBI16 eases lipopolysaccharide-elicited inflammation, apoptosis
and degradation of extracellular matrix in chondrocytes
during osteoarthritis by suppressing GRK2 transcription
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Abstract. Osteoarthritis (OA) is a chronic degenerative disease
of the bone that is a major contributor of disability in the
elderly population. Zinc finger and BTB domain-containing
16 (ZBTBI6) is a transcription factor that has been previously
revealed to be impaired in human OA tissues. The present study
was designed to elaborate the potential impact of ZBTB16 on
OA and to possibly assess any latent regulatory mechanism.
ZBTBI16 expression in human OA tissues was examined using
the Gene Expression Series (GSE) database (https:/www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE169077) whereas
ZBTBI16 expression in chondrocytes was examined using
reverse transcription-quantitative PCR (RT-qPCR) and western
blotting. Cell viability was examined using a Cell Counting
Kit-8 assay. A TUNEL assay and western blotting were used to
assess cell apoptosis and apoptosis-related markers, including
Bcl-2, Bax and cleaved caspase-3. The levels and expression
of inflammatory factors, including TNF-a, IL-1p and IL-6,
were determined by ELISA and western blotting. RT-qPCR
and western blotting were also used to analyze the expression
levels of extracellular matrix (ECM)-degrading enzymes,
including MMP-13, a disintegrin-like and metalloproteinase
with thrombospondin type-1 motifs-5, aggrecan and collagen
type II al. After the potential binding of ZBTB16 with the G
protein coupled receptor kinase type 2 (GRK?2) promoter was
predicted using the Cistrome DB database, GRK?2 expression
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was confirmed by RT-qPCR and western blotting. Chromatin
immunoprecipitation and luciferase reporter assays were then
used to determine the potential interaction between ZBTB16
and the GRK2 promoter. Following GRK2 overexpression in
ZBTBI16-overexpressing chondrocytes by co-transfection of
GRK?2 and ZBTBI16 overexpression plasmids, the aforemen-
tioned functional experiments were performed again. ZBTB16
expression was found to be reduced in human OA tissues
compared with in normal cartilage tissues and lipopolysaccha-
ride (LPS)-stimulated chondrocytes. ZBTB16 overexpression
increased cell viability whilst decreasing apoptosis, inflam-
mation and ECM degradation by LPS-treated chondrocytes.
In addition, GRK?2 expression was found to be increased in
LPS-stimulated chondrocytes. ZBTB16 successfully bound
to the GRK?2 promoter, which negatively modulated GRK?2
expression. GRK2 upregulation reversed the effects of
ZBTBI16 overexpression on the viability, apoptosis, inflamma-
tion and ECM degradation by LPS-challenged chondrocytes.
In conclusion, these data suggest that ZBTB16 may inhibit the
development of OA through the transcriptional inactivation of
GRK2.

Introduction

Osteoarthritis (OA) is a prevalent chronic degenerative joint
disease. This is mainly manifested as joint stiffness, swelling,
pain and loss of mobility resulting from the destruction of
articular cartilage and synovial fluid inflammation (1,2). In
addition, histopathological changes including subchondral
bone resorption, sclerosis and osteophyte formation, can be
observed (1,2). In 2017, it was estimated that ~300 million indi-
viduals suffered from OA worldwide (3). The incidence rate of
OA in China has reached 21.5% between 2000 and 2018 as
the general age of the population increased (4). Furthermore,
OA is a predominant contributor of disability among the
elderly as the most frequent form of arthritis, which adversely
reduces the quality of life of patients, imposing an economic
burden on society (5). Despite the emergence of a variety of
pain-relief agents, such as MTX, side effects, including lung,
liver and kidney injury, remain an obstacle and the process of
OA cannot be prevented (6).
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Articular cartilage is the hyaline cartilage that covers the
surface of the joint and is smooth in healthy individuals. Its
main function is to form the articular surface, provide a surface
with almost no friction for the joint, which is pivotal for the
smooth movement of the joint (7). As the only cell type in
the articular cartilage, chondrocytes can generate extracellular
matrix (ECM) proteins to maintain the structure, function and
integrity of the articular cartilage (8,9). Under normal physi-
ological conditions, a delicate balance between anabolism
and catabolism in chondrocytes is maintained, which ensures
a dynamic balance between the generation and destruction
of ECM (10). However, this balance can be easily broken by
proinflammatory factors, aging, trauma, and other factors such
as physiological load and metabolism (10). When anabolism
by chondrocytes is reduced or when catabolism is increased,
ECM degradation occurs, which leads to the destruction of
articular cartilage (11,12). Chondrocyte apoptosis and cartilage
ECM damage have been previously documented to drive the
initiation and progression of OA up (13,14). Therefore, mainte-
nance of the normal structure and functions of chondrocytes is
the key to OA therapy.

Zinc finger proteins belong to a superfamily of multifunc-
tional transcription factors that are engaged in gene regulation,
cell differentiation and embryonic development (15,16). Zinc
finger and BTB domain-containing 16 (ZBTB16), which is
also referred to as promyelocytic leukemia zinc finger and
zinc finger protein 145, is a highly conserved member of
the Kruppel-like zinc finger protein family (17). The role of
ZBTBI16 in human diseases has been previously highlighted.
ZBTBI16 has been reported to decrease neuron apoptosis
following cerebral ischemic reperfusion injury (18). In addi-
tion, ZBTB16 expression has been shown to be increased
during the osteoblastogenesis of human multipotent
mesenchymal stromal cells and participates in osteoblastic
differentiation (19). ZBTBI6 has also been reported to display
decreased expression in human OA tissues (20). ZBTB16 has
been observed to promote hypertrophic chondrocyte differ-
entiation and accelerate dexamethasone-stimulated cell cycle
arrest (21). However, the definite role of ZBTB16 during the
process of OA remains unclear.

G protein-coupled receptor kinases (GRKSs) are pivotal
protein kinases that function by the phosphorylation of G
protein-coupled receptors (22). Among all subtypes of GRKs,
G protein-coupled receptor kinase type 2 (GRK2), which is
widely expressed in human tissues, has been extensively
studied (23-25). Aberrant expression of GRK?2 has been
observed in multiple diseases, including cancer, and brain,
cardiovascular and metabolic diseases (24). GRK2 has
been proposed to facilitate chondrocyte hypertrophy whilst
suppressing cartilage regeneration in OA (25).

Therefore, the present study aimed to determine the
significance of ZBTB16 and the possible relationship between
ZBTBI16 and GRK2 in OA.

Materials and methods

Online database analysis. The GSE169077 dataset in the GEO
database (26) (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE169077), which was selected to analyze the differ-
entially expressed genes in OA, was used to analyze ZBTB16

expression in OA tissues. The possible binding of ZBTB16
to the GRK2 promoter was predicted using the Cistrome DB
database (version 1.0; http://cistrome.org/db/#/).

Cell culture and treatment. The culture medium for human
C-28/12 chondrocytes (Shanghai Yubo Biotechnology Co.,
Ltd.) was DMEM/Ham's F12 medium (HyClone; Cytiva)
with 10% FBS (BioWhittaker™; Lonza Group, Ltd.) and 1%
penicillin/streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.). Cells were routinely maintained in a humidified incu-
bator with 5% CO, at 37°C. To establish the OA model in vitro,
C-28/12 cells were exposed to various concentrations of lipo-
polysaccharide (LPS; 0, 1, 3 and 5 ug/ml; Beijing Solarbio
Science & Technology Co., Ltd.) for 12 h at 37°C (27).

Reverse transcription-quantitative PCR (RT-qPCR). Using
a RevertAid First Strand cDNA Synthesis Kit (Fermentas;
Thermo Fisher Scientific, Inc.), cDNA was produced from
total RNA prepared from C-28/12 cells using an E.Z.N.A.®
Total RNA kit (Omega Bio-Tek, Inc.) according to the manu-
facturer's protocol. PCR amplification was performed using
SYBR Green PCR Master Mix (Thermo Fisher Scientific,
Inc.) using a Mx3000P PCR system (Agilent Technologies,
Inc.). The following thermocycling conditions were used for
gPCR: 95°C for 10 min; followed by 40 cycles of denatur-
ation at 95°C for 10 sec and annealing/extension at 60°C for
60 sec. The primer pairs used in the present study were as
follows: ZBTB16 forward, 5'-CCCTCCTCGGCTCTCGG-3'
and reverse, 5'-CTCAACCTTGTCCCCCATCC-3"; MMP-13
forward, 5'-GCACTTCCCACAGTGCCTAT-3' and reverse,
5'-AGTTCTTCCCTTGATGGCCG-3'; a disintegrin-like
and metalloproteinase with thrombospondin type-1 motifs-5
(ADAMTS-5) forward, 5'-ACAAGAGCCTGGAAGTGA
GC-3' and reverse, 5S-TTGGACCAGGGCTTAGATGC-3';
aggrecan (ACAN) forward, 5-~AAGGGCGAGTGGAATGAT
GT-3' and reverse, 5'-CGTTTGTAGGTGGTGGCTGTG-3';
collagen type II al (COL2A1) forward, 5'-CTTCCCCCT
CCTGCTCCAAG-3' and reverse, 5'-CTGGGCAGCAAA
GTTTCCAC-3'; GRK2 forward, 5'-GATGGCCATGGAGAA
GAGCAAG-3' and reverse, 5-CACTGGCAAAACCGTGTG
AA-3"; and GAPDH forward, 5-GGAGCGAGATCCCTC
CAAAAT-3" and reverse, 5'-GGCTGTTGTCATACTTCT
CATGG-3'. Relative gene expression was calculated using
the 2-24%4 method (28). GAPDH expression was used for
normalization.

Western blotting. Briefly, total proteins were isolated from
C-28/12 cells using the RIPA buffer (Beijing Solarbio Science &
Technology Co.,Ltd.) and levels were determined using a BCA
protein assay kit (Thermo Fisher Scientific, Inc.). The proteins
were resolved by 10% SDS-PAGE (30 pg/lane) and trans-
ferred onto PVDF membranes. The membranes were blocked
with 5% non-fat milk for 2 h at room temperature to prevent
non-specific interactions. Afterwards, the membranes were
immunoblotted with primary antibodies overnight at 4°C and
the goat anti-rabbit HRP antibody (1:5,000; cat. no. ab205718;
Abcam) for 1 h at room temperature. The bands were made
visible using the ECL Western Blotting Detection Reagent
(Amersham; Cytiva) and analyzed using Image Quant LAS
500 (Cytiva). Signal intensity was determined using Image
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J software version 1.46 (National Institutes of Health).
ZBTBI16 (1:1,000; cat. no. ab189849; Abcam), Bcl-2 (1:1,000;
cat. no. ab32124; Abcam), Bax (1:1,000; cat. no. ab32503;
Abcam), cleaved caspase-3 (1:1,000; cat. no. ab32042; Abcam),
TNF-a (1:1,000; cat. no. ab183218; Abcam), IL-1f (1:1,000;
cat. no. ab254360; Abcam), IL-6 (1:1,000; cat. no. ab233706;
Abcam), MMP-13 (1:3,000; cat. no. ab39012; Abcam),
ADAMTS-5 (1:250; cat. no. ab41037; Abcam), ACAN
(1:1,000; cat. no. NB100-74350; Novus Biologicals, LLC),
COL2A1 (1:1,000; cat. no. abl88570; Abcam), GRK?2
(1:1,000; cat. no. ab227825; Abcam) and GAPDH (1:2,500;
cat. no. ab9485; Abcam) were the primary antibodies utilized
for the present study.

Plasmid transfection. The pcDNA3.1 vector containing
full-length ZBTB16 (Ov-ZBTBI16) and GRK2 (Ov-GRK?2) and
the empty overexpression vector (Ov-NC) were procured from
Sino Biological, Inc. C-28/12 cells were subjected to plasmid
transfection (20 nM) using Lipofectamine™ 3000 (Thermo
Fisher Scientific, Inc.) at 37°C for 48 h. Cells were harvested
48 h post-transfection for subsequent experiments.

Cell Counting Kit-8 (CCK-8) assay. In brief, 10 ul CCK-8
solution (APeXBIO Technology LLC) was added to the
LPS-challenged cells (5,000 cells/well) plated into a 96-well
plate. After cultivation for an additional 1 h at 37°C, the optical
density (OD) value at 450 nm was recorded by using a micro-
plate reader (SPECTROstar Nano; BMG Labtech GmbH).

TUNEL. Cell apoptosis was examined using a Click-iT Plus
TUNEL Assay kit (cat. no. C10617; Invitrogen; Thermo
Fisher Scientific, Inc.) in compliance with the manufacturer's
instructions. Briefly, 4% paraformaldehyde-immobilized
C-28/12 cells (room temperature for 15 min) were immersed
in 50 ul TUNEL solution for 1 h at 37°C and incubated with
1 mg/ml DAPI (Beijing Solarbio Science & Technology Co.,
Ltd.) for 10 min at 37°C and mounted in an anti-fade reagent
(Beijing Solarbio Science & Technology Co., Ltd.). Finally,
after rinsing with PBS, the apoptotic rate was quantified
in five fields of view selected at random under a fluores-
cence microscope (Olympus Corporation) and analyzed by
ImagelJ software (version 6.0; National Institutes of Health).
The apoptotic rate was calculated as follows: Apoptosis
rate=(average number of apoptotic cells/average number of
total cells) x100%.

ELISA. C-28/12 cells were cultured in 6-well plates
(2x10° cells/ml). After LPS challenge and transfection, the
cells were centrifuged at 1,000 x g for 5 min at 4°C. The
supernatant was collected and used for ELISA. TNF-a
(human TNF-a ELISA Kkit; cat. no. ab181421; Abcam), IL-1B
(human IL-1p ELISA kit; cat. no. ab214025; Abcam) and IL-6
(human IL-6 ELISA kit; cat. no. ab178013; Abcam) levels
were examined using the corresponding ELISA kits according
to the manufacturer's protocols. The OD450 nm value was
estimated using a microplate reader (SPECTROstar Nano;
BMG Labtech GmbH).

Chromatin immunoprecipitation (ChIP). A ChIP assay
was performed using the Imprint ChIP kit (cat. no. CHPI,;

Sigma-Aldrich; Merck KGaA) according to the manufac-
turer's guidelines. Firstly, C-28/12 cells were treated with 1%
formaldehyde at 37°C for 10 min followed by centrifugation
at 300 x g for 3 min at 25°C, and washed in pre-cooled PBS
for 10 min at 25°C. A total of 300 pl SDS lysis buffer (1%
SDS, 10 mM EDTA and 50 mM Tris-HCI pH 8.0) was then
used to lyse the 2x10° cells at room temperature for 10 min.
The chromatin fragments were acquired after the sonication
of cell lysates (20 kHz; 4 pulses of 12 sec each, followed
by being sheared with 30-sec pulses on ice). Following
sonication, the samples were centrifuged at 13,000 x g for
10 min at 4°C. Subsequently, the supernatant (100 pug) was
pre-absorbed by 100 ul protein A/G beads and was incubated
with magnetic beads conjugated to 5 ug ZBTB16 antibody
(cat. no. sc-28319; Santa Cruz Biotechnology, Inc.) or IgG
antibody (cat. no. B900620; ProteinTech Group, Inc.) at 4°C
overnight. The magnetic beads were then rinsed four times
with lysis buffer, twice with LiCl buffer and three times
with Tris-EDTA buffer. The bound immunocomplex was
eluted by adding 300 ul of fresh elution buffer [10 mM Tris;
1 mM EDTA, (pH 8.0)]. Subsequently, 20 x1 5 M NaCl was
mixed with the eluted product, which was incubated at 65°C
overnight to reverse the crosslinking and the purification
of immunoprecipitated DNA was conducted using a CH-IP
DNA purification kit (cat. no. D0O033; Beyotime Institute
of Biotechnology). The purified DNA fragments were then
subjected to PCR analysis as described above. The GRK?2
primer sequences were as follows: Forward, 5'-CAGTTG
TCAGGTCCCAGGTT-3" and reverse, 5S-TCCTGGTTACTG
ACCCCAAC-3".

Luciferase reporter assay. Using Lipofectamine® 3000
(Thermo Fisher Scientific, Inc), pGL3 vectors (100 ng;
Promega Corporation) containing the wild-type (WT) GRK2
promoter sequence or the corresponding mutant GRK?2
promoter sequence (GRK2-MUT) were co-transfected with
2.5 ug Ov-ZBTB16 or Ov-NC into C-28/12 cells. After 48 h, the
luciferase activity was evaluated using Dual-Glo® Luciferase
Reagent (Promega Corporation) and normalized to Renilla
luciferase activity.

Statistical analysis. All statistical analyses were performed
using GraphPad Prism 8 software (GraphPad Software, Inc.)
and continuous variables are presented as the mean + SD
from three independent experiments. Differences between
two groups was evaluated using an unpaired Student's t-test.
One-way ANOVA followed by Tukey's test was applied for
comparisons among multiple means. P<0.05 was considered
to indicate a statistically significant difference.

Results

ZBTBI16 expression is decreased in OA tissues and
LPS-challenged C-28/12 cells. Based on data from the
GSE169077 dataset in the GEO database, ZBTB16 expres-
sion was significantly lower in OA tissues compared with
that in normal cartilage tissues of heakthy controls (Fig. 1A).
Experimental results of the CCK-8 assay revealed that upon
exposure to increasing concentrations of LPS (0, 1, 3 and
5 ug/ml), the viability of C-28/12 cells was dose-dependently
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Figure 1. ZBTBI16 expression is reduced in OA tissues and LPS-challenged C-28/12 cells. (A) The GSE169077 dataset in the Gene Expression Omnibus
database was used to examine ZBTB16 expression in OA tissues. "P<0.05. (B) Cell Counting Kit-8 assay of the viability of LPS-challenged C-28/12 cells.
(C) Reverse transcription-quantitative PCR and (D) western blotting were used to examine ZBTB16 expression in LPS-challenged C-28/12 cells. "P<0.05,
“P<0.01 and “"P<0.001 vs. LPS 0 pgg/ml. ZBTBI6, zinc finger and BTB domain containing 16; OA, osteoarthritis; LPS, lipopolysaccharide.

decreased (Fig. 1B). Furthermore, increasing concentrations
of LPS (0, 1, 3 and 5 ug/ml) resulted in significantly decreased
mRNA and protein expression levels of ZBTB16 in C-28/12
cells (Fig. 1C and D). These observations suggest that ZBTB16
expression is downregulated in OA tissues and LPS-exposed
C-28/12 cells.

ZBTBI6 overexpression reverses LPS-elicited reductions in
cell viability and apoptosis in C-28/I2 cells. To assess the
impact of ZBTB16 on the phenotype of LPS-challenged
C-28/12 cells, ZBTB16 overexpression plasmids were trans-
fected into C-28/12 cells before the transfection efficacy was
verified by RT-qPCR and western blotting (Fig. 2A and B).
CCK-8 assay revealed that LPS exposure significantly
inhibited C-28/12 cell viability, which was then significantly
reversed following ZBTB16 overexpression (Fig. 2C).
Furthermore, TUNEL assay demonstrated that the apoptosis
of C-28/12 cells was significantly increased following LPS
treatment. Under this condition, ZBTB16 overexpression
significantly impeded the apoptosis of LPS-treated C-28/12
cells (Fig. 2D). Subsequent western blot analysis revealed that
ZBTBI6 overexpression significantly reversed the decreased
Bcl-2 expression, whilst also significantly reversing the
increased Bax expression and cleaved caspase-3/caspase-3
ratio, originally induced by LPS treatment in C-28/12 cells
(Fig. 2E). Collectively, these data indicate that ZBTB16

overexpression increased the viability but decreased the
apoptosis of C-28/12 cells that were exposed to LPS.

ZBTBI16 overexpression alleviates the LPS-stimulated inflam-
matory response and ECM degradation by C-28/12 cells. The
levels and expression of inflammatory factors TNF-a, IL-13
and IL-6 were measured by ELISA and western blotting,
respectively. The expression levels of TNF-a, IL-1f and IL-6
were found to be significantly increased in LPS-challenged
C-28/12 cells. These were then significantly reduced following
ZBTBI16 overexpression (Fig. 3A and B). Subsequently,
RT-qPCR and western blotting were used to examine the
expression levels of ECM degradation-associated proteins
MMP-13, ADAMTS-5, ACAN and COL2A1. As depicted
in Fig. 3C, LPS treatment significantly increased MMP-13
and ADAMTS-5 expression whilst it significantly reduced
ACAN and COL2A1 expression. By contrast, overexpression
of ZBTBI6 significantly decreased MMP-13 and ADAMTS-5
expression whilst significantly increasing ACAN and COL2A1
expression in LPS-treated C-28/12 cells (Fig. 3C and D).
Overall, these findings suggest that ZBTB16 overexpression
can suppress the LPS-stimulated inflammatory response and
ECM degradation by C-28/12 cells.

ZBTBI6 transcriptionally suppresses GRK2 expression.
According to the Cistrome DB database, it was predicted that
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ZBTBI16 can potentially bind to the GRK?2 promoter (Fig. 4A).
RT-qPCR and western blotting then revealed that GRK2
expression was significantly increased in C-28/12 cells exposed
to increasing concentrations of LPS (0, 1, 3 and 5 ug/ml,;
Fig.4B and C). Additionally, the significantly augmented GRK?2
expression levels in LPS-treated C-28/12 cells were then signif-
icantly reversed by ZBTB16 overexpression (Fig. 4D and E).
Subsequently, ChIP assay demonstrated significant accumu-
lation of the GRK2 promoter sequence in protein complexes
pulled down by the ZBTB16 antibody (Fig. 4F). Furthermore,
the luciferase reporter assay revealed that the luciferase
activity of the GRK2-WT promoter was significantly dimin-
ished following the overexpression of ZBTB16 compared with

the Ov-NC group, but no apparent changes were observed in
the luciferase activity of the GRK2-MUT promoter (Fig. 4G).
The potential binding site for ZBTB16 on the GRK2 promoter
is shown in Fig. 4H. Overall, these findings are indicative that
GRK2 can be transcriptionally inactivated by ZBTBI16.

GRK?2 overexpression reverses the inhibitory effects of
ZBTBI16 on LPS-induced C-28/12 cell viability inhibition
and apoptosis. To assess the role of ZBTBI16 overexpression
on OA and the transcriptional regulation of GRK2, GRK2
overexpression plasmids were transfected into C-28/12 cells
before the transfection efficacy was verified by RT-qPCR
and western blotting (Fig. 5SA and B). As shown in Fig. 5C,
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Figure 3. ZBTB16 overexpression alleviates the LPS-stimulated inflammatory response and ECM degradation by C-28/12 cells. (A) ELISA and (B) western
blotting were used to determine the levels and expression of inflammatory factors in the cell culture supernatant of LPS-treated C-28/12 cells overexpressing
ZBTBI6. (C) Reverse transcription-quantitative PCR and (D) western blotting were used to examine the expression levels of ECM degradation-associated
proteins in LPS-treated C-28/12 cells overexpressing ZBTB16. ““P<0.001 vs. Control. P<0.01 and *P<0.001 vs. LPS + Ov-NC. ZBTBI6, zinc finger and
BTB domain-containing 16; LPS, lipopolysaccharide; ECM, extracellular matrix; Ov-NC, empty overexpression vector; Ov-ZBTB16, ZBTB16 overexpression
vector; ADAMTS-5, a disintegrin-like and metalloproteinase with thrombospondin type-1 motifs-5; ACAN, aggrecan; COL2A1, collagen type I al.

results from the CCK-8 assay corroborated that the increased
viability of LPS-challenged C-28/12 cells induced by ZBTB16
overexpression was significantly reversed when GRK?2 was
also overexpressed. Conversely, the apoptosis of LPS-exposed
C-28/12 cells was significantly reduced due to ZBTB16 over-
expression, which was coupled with significantly augmented
Bcl2 expression and significantly diminished Bax and cleaved
caspase-3/caspase-3 expression. However, following GRK2
co-overexpression, these aforementioned effects were all
significantly reversed (Fig. 5D and E). Taken together, these
results suggest that ZBTB16 overexpression protected against
LPS-triggered C-28/12 cell viability inhibition and apoptosis
by transcriptionally suppressing GRK?2 expression.

GRK?2 overexpression reverses the inhibitory effect of ZBTB16
on the LPS-evoked inflammatory response and ECM degra-
dation by C-28/I2 cells. The levels and expression of TNF-a,
IL-1p and IL-6 in LPS-treated C-28/12 cells that were signifi-
cantly decreased by ZBTB16 overexpression were significantly
increased by GRK?2 co-overexpression (Fig. 6A and B). Western
blotting revealed that the significantly decreased MMP-13 and
ADAMTS-5 expression and significantly increased ACAN and
COL2A1 expression in LPS-challenged C-28/12 cells previ-
ously overexpressing ZBTB16 were all significantly reversed
following GRK2 co-overexpression (Fig. 6C and D). Taken
together, these data suggest that ZBTBI16 protected against the
LPS-evoked inflammatory responses and ECM degradation
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Figure 4. ZBTBI6 transcriptionally suppresses GRK2 expression. (A) Cistrome DB database predicted the binding of ZBTB16 with GRK2 promoter.
(B) RT-qPCR and (C) western blotting were used to examine GRK2 expression in LPS-challenged C-28/12 cells. ““P<0.001 vs. LPS 0 ug/ml. (D) RT-qPCR
and (E) western blotting were used to examine GRK?2 expression following ZBTB16 overexpression in LPS-challenged C-28/12 cells overexpressing ZBTBI16.
“"P<0.001 vs. Control. #P<0.01 and **P<0.001 vs. LPS + Ov-NC. (F) Chromatin immunoprecipitation assay was used to assess if ZBTB binds to the GRK2

ok

promoter using the ZBTB16 antibody. “"P<0.001 vs. IgG. (G) Luciferase reporter assay of the luciferase activity of the GRK2 promoter following transfec-
tion with Ov-ZBTBI16 and Ov-NC plasmids. ““P<0.001 vs. Ov-NC. (H) ZBTBI16 binding site on the GRK2 promoter. ZBTBI16, zinc finger and BTB domain
containing 16; GRK2, G protein coupled receptor kinase type 2; RT-qPCR, reverse transcription-quantitative PCR; LPS, lipopolysaccharide; Ov-NC, empty
overexpression vector; Ov-ZBTB16, ZBTB16 overexpression vector; GRK2-WT, GRK2-wild-type; GRK2-MUT, GRK2-mutant; TSS, transcription start site.

by C-28/12 cells through transcriptionally suppressing GRK?2
expression.

Discussion

OA is a highly prevalent chronic degenerative joint disease,
the occurrence and development of which are closely
associated with chondrocyte loss or damage (29). Under
normal physiological conditions, chondrocytes, which are
distributed in ECM in articular cartilage all over the body,
maintain cartilage structure and functions by secreting
large quantities of ECM (30). Proteolytic enzymes released
by chondrocytes may mediate ECM degradation to induce
articular cartilage destruction (12). Furthermore, inhibition
of chondrocyte apoptosis is considered to be an essential
means for preventing OA (13). Therefore, protecting against
chondrocyte damage may be critical for OA therapy.
ZBTBI16 is an epigenetically-regulated transcription factor
that has been previously revealed to be aberrantly expressed
in OA (20). Using the GSE169077 dataset, the significantly
reduced ZBTBI16 expression in OA tissues was also high-
lighted in the present study. LPS is commonly deemed to

be a proinflammatory cell-wall component of Gram-negative
bacteria in cartilage tissues, which may drive the progression
of OA by stimulating the generation of MMPs from chondro-
cytes and other inflammatory cytokines, including TNF-a
and IL-1B (31). Therefore, the present study utilized LPS
to establish an in vitro inflammatory cell model in C-28/12
cells as OA is considered to be an inflammatory disease. The
experimental results revealed that LPS dose-dependently
suppressed cell viability and exacerbated the apoptosis of
C-28/12 cells, which are accompanied by decreased Bcl2
expression, increased Bax and cleaved caspase-3/caspase-3
expression. These findings are consistent with the previous
research conducted by Luo ef al (32). In addition, ZBTB16
expression was found to be reduced in C-28/12 cells exposed
to LPS in a concentration-dependent manner. Overexpression
of ZBTB16 improved cell viability whilst hindering the
apoptosis of LPS-challenged C-28/12 cells, as evidenced by
the augmented Bcl2 expression, decreased Bax and cleaved
caspase-3/caspase-3 expression. These findings suggest that
ZBTBI16 mediates a protective role against OA.

The inflammatory response occupies an important posi-
tion in the pathology of joint destruction during OA and is
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Figure 5. GRK2 overexpression reverses the inhibitory effects of ZBTB16 overexpression on LPS-induced C-28/12 cell viability inhibition and apoptosis. The
transfection efficiency of Ov-GRK2 plasmids was examined using (A) reverse transcription-quantitative PCR and (B) western blotting. (C) Cell Counting Kit-8
assay of the viability of LPS-challenged C-28/12 cells overexpressing both ZBTB16 and GRK?2. (D) TUNEL assay estimating the apoptosis of LPS-exposed
C-28/12 cells overexpressing both ZBTB16 and GRK2. Scale bar, 50 gm. Magnification, x200. (E) Protein expression levels of apoptosis-associated factors
were analyzed by western blotting. ““P<0.001 vs. Control. “*P<0.001 vs. LPS. #*P<0.01 and ***P<0.001 vs. LPS + Ov-ZBTBI16 + Ov-NC group. GRK2, G
protein-coupled receptor kinase type 2; ZBTBI16, zinc finger and BTB domain containing 16; LPS, lipopolysaccharide; Ov-GRK?2, GRK?2 overexpression
vector; Ov-NC, empty overexpression vector; Ov-ZBTB16, ZBTB16 overexpression vector.

considered to be an important process mediating cartilage
degeneration in OA (33,34). During the inflammatory response,
the excessive release of inflammatory factors, including
TNF-a, IL-1p and IL-6, may disrupt chondrocyte metabo-
lism, inhibit the synthesis of ECM proteins and eventually
induce chondrocyte apoptosis and ECM degradation (35,36).
A previous study reported that ZBTB16 can reverse advanced
glycation end product-induced inflammation in vascular

endothelial cells (37). In accordance with this, the present
study demonstrated that the LPS-enhanced TNF-a, IL-1§
and IL-6 levels and expression were decreased by ZBTB16
overexpression in C-28/12 cells. The imbalance between the
synthesis and degradation of ECM is a primary pathological
change during the early stages of OA and serves a vital role
in the cartilage degeneration process in OA (38). MMP-13
and ADAMTS-5 are the main proteases that mediate ECM
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Figure 6. GRK2 overexpression reverses the inhibitory effects of ZBTB16 overexpression on the LPS-evoked inflammatory response and ECM degradation
by C-28/12 cells. (A) ELISA and (B) western blotting were used to measure inflammatory factor levels and expression in the cell culture supernatant of
LPS-treated C-28/12 cells. (C) Reverse transcription-quantitative PCR and (D) western blotting were used to examine the expression levels of ECM degrada-
tion-associated proteins in LPS-treated C-28/12 cells. "“P<0.001 vs. Control. ##P<0.001 vs. LPS. 2P<0.05, 2*P<0.01 and “24P<0.001 vs. LPS + Ov-ZBTBI16 +
Ov-NC. GRK2, G protein coupled receptor kinase type 2; ZBTBI16, zinc finger and BTB domain containing 16; LPS, lipopolysaccharide; ECM, extracel-
lular matrix; Ov-ZBTB16, ZBTB16 overexpression vector; Ov-NC, empty overexpression vector; Ov-GRK2, GRK?2 overexpression vector; ADAMTS-5, a
disintegrin-like and metalloproteinase with thrombospondin type-1 motifs-5; ACAN, aggrecan; COL2AL, collagen type II al.

degradation during OA and were previously found to be upreg-
ulated during cartilage damage (39,40). ACAN and COL2A1
form the major components of the ECM (41). In the present
study, it was found that the increased MMP-13, ADAMTS-5
expression and the decreased ACAN and COL2A1 expression
in LPS-treated C-28/12 cells were reversed after ZBTB16 was
overexpressed.

ZBTBI6 has been suggested to serve as a transcriptional
suppressor through DNA binding (42,43). According to
analysis using the Cistrome DB database, ZBTB16 could
potentially bind to the GRK2 promoter. In addition, GRK?2
expression was found to be dose-dependently augmented
in LPS-treated C-28/12 cells but was then reversed by
ZBTBI16 overexpression. The affinity of ZBTB16 to the
GRK2 promoter was next validated by mechanistic assays.
The enhanced viability and attenuated apoptosis of C-28/12
cells exposed to LPS mediated by ZBTB16 overexpression

ZBTB16

l

[sites]]

TGGGTCCAGTGTGGG
-907 -893

Inflammation
Apoptosis
ECM degradation

|

Osteoarthritis

LTSS
+99

GRK2 promoter
-2000

Figure 7. Proposed model of the present study. The main finding of the
present study was that ZBTB16 overexpression alleviated lipopolysac-
charide-induced inflammation, apoptosis and degradation of the ECM in
chondrocytes to suppress the development of OA by suppressing GRK2
transcription. ZBTB16, zinc finger and BTB domain containing 16; ECM,
extracellular matrix; GRK2, G protein coupled receptor kinase type 2; TSS,
transcription start site.
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were both reversed when GRK2 was co-overexpressed.
Additionally, ZBTB16 overexpression-induced alterations
in the expression of apoptotic factors Bcl2, Bax and cleaved
caspase-3 were all reversed by GRK2 overexpression. GRK2
has been previously revealed to be implicated in inflamma-
tion (44). In addition, GRK?2 can halt cartilage regeneration
and contribute to OA development (25). Consistent with
these previous findings, the decreased TNF-a, IL-13, IL-6,
MMP-13 and ADAMTS-5 expression and the increased
ACAN and COL2A1 expression caused by ZBTB16 overex-
pression in LPS-challenged C-28/12 cells were all reversed
by GRK?2 co-overexpression.

In conclusion, ZBTB16 overexpression reversed
LPS-mediated viability inhibition, apoptosis, inflammation
and ECM degradation in chondrocytes by possibly binding
to the GRK?2 promoter to transcriptionally inactivate GRK?2
(Fig. 7). To the best of our knowledge, the present study was
the first to demonstrate the suppressive role of ZBTB16 in OA
and present a novel negative regulatory relationship between
ZBTB16 and GRK2 in OA. Overall, the present observations
may provide a potentially novel therapeutic modality for OA.
However, future studies are required to expound the role of
ZBTBI16 in OA in vivo. Additionally, whether ZBTB16 can
regulate the transcription of other genes in the OA setting will
also need to be explored in future experiments.
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