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Abstract

Osteoarthritis (OA) is a common joint disease that ultimately causes physical dis-
ability and imposes an economic burden on society. Cartilage destruction plays a key
role in the development of OA. Vorinostat is an oral histone deacetylase (HDAC)
inhibitor and has been used for the treatment of T-cell lymphoma. Previous studies
have reported the anti-inflammatory effect of HDAC inhibitors in both in vivo and in
vitro models. However, it is unknown whether vorinostat exerts a protective effect
in OA. In this study, our results demonstrate that treatment with vorinostat prevents
interleukin 1a (IL-1a)-induced reduction of type Il collagen at both gene and protein
levels. Treatment with vorinostat reduced the IL-l1a-induced production of mi-
tochondrial reactive oxygen species (ROS) in T/C-28a2 cells. Additionally, vorinostat
rescued the IL-1a-induced decrease in the expression of the collagen type Il al
(Col2a1) gene and the expression of Sry-related HMG box 9 (SOX-9). Importantly,
we found that vorinostat inhibited the expression of matrix metalloproteinase-13
(MMP-13), which is responsible for the degradation of type Il collagen. Furthermore,
vorinostat suppressed the expression of E74-like factor 3 (ELF3), which is a key
transcription factor that plays a pivotal role in the IL-1a-induced reduction of type Il
collagen. Also, the overexpression of ELF3 abolished the protective effects of vor-
inostat against IL-1a-induced loss of type 2 collagen by inhibiting the expression of
SOX-9 whilst increasing the expression of MMP-13. In conclusion, our findings
suggest that vorinostat might prevent cartilage destruction by rescuing the reduction

of type Il collagen, mediated by the suppression of ELF3.
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1 | INTRODUCTION

Osteoarthritis (OA) is a common degenerative joint disease, af-
fecting millions of people worldwide, especially the population
over the age of 65 years,[” The clinical symptoms of OA include
pain, swelling, tenderness, and deformity of the joints. The oc-
currence of OA is associated with multiple risk factors, such as
injury, obesity, genetics, and age.l> ! The pathogenesis of OA is
complex. Studies have demonstrated that chondrocyte dysfunc-
tion and chronic inflammation are closely related to OA, leading
to cartilage destruction.l’! The articular extracellular matrix
(ECM) is mainly comprised of type Il collagen and aggrecan.
Chondrocytes are the main components of cartilage tissue. In
normal conditions, chondrocytes contribute to the regulation of
the metabolism of articular ECM by secreting substances such as
enzymes and signaling molecules.”) However, in the condition of
OA, chondrocytes lose the function of maintaining cartilage
homeostasis and instead release various inflammatory factors,
including proinflammatory cytokines, chemokines, and matrix-
degrading enzymes, such as IL-1a, interleukin 1B (IL-1B), IL-6, and
matrix metalloproteinases (MMPs), resulting in inflammation and
cartilage destruction. IL-1a is one of the most important proin-
flammatory cytokines belonging to the IL-1 family and plays a key
role in the development of inflammatory diseases.[®! Also, studies
have demonstrated that IL-1a could induce the state of oxidative
stress and inflammatory response in chondrocytes. Meanwhile,
SOX-9, an important transcriptional factor that is responsible for
the transcription of the type Il collagen (Col2al) gene, is down-
regulated significantly in the activated chondrocytes.m E74-like
factor 3 (ELF3) is a member of the E26 transformation-specific
sequence (ETS) family of transcription factors.'® Although ELF3
is defined as an epithelium-specific transcription factor, increas-
ing evidence has indicated that ELF3 plays a critical role in the
development of OA, including upregulating the expression of
MMP-13, which is a key enzyme responsible for the degeneration
of type Il collagen, leading to the degeneration of articular
ECM.[*"Y Inhibition of ELF3 has been an important strategy for
the treatment of OA.

Histone deacetylases (HDACs) are a family of proteases that
play an important role in the regulation of gene expression.!'?]
Previous studies have demonstrated that HDACs mediate the
deacetylation of histone, resulting in repression of gene
expression.l'>*! Abnormal activity of HDACs is closely asso-
ciated with cancer, and a recent study demonstrated that the
knockdown of HDACs can induce a series of antineoplastic ef-
fects, such as inhibiting the proliferation of tumor cells, inducing

differentiation, 5.t

apoptosis, and disrupting angiogenesi
Therefore, HDAC inhibition has been considered a therapeutic
target for the treatment of cancers and related diseases. Fur-
thermore, an HDAC inhibitor was found to have an inhibitory
effect on the expression of proinflammatory cytokines, chemo-

kines, and other inflammatory factors that are responsible for
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FIGURE 1 Effects of vorinostat on cytotoxicity in human
T/C-28a2 cells. (A). Molecular structure of vorinostat. (B). Cells were
stimulated with vorinostat at the concentrations of O, 10, 20, 100,
200, 1000, and 2000 nM for 24 h. Cell viability was measured using
the MTT assay (C). Cells were stimulated with vorinostat at the
concentrations of 0, 10, 50, 100, 200, 1000, and 2000 nM for 24 h.
LDH release was measured using a commercial kit with the 0.1%
Triton X-100 treatment group as a positive control (N = 5-6,

*p < 0.05, **p < 0.01 vs. the vehicle group). LDH, lactate
dehydrogenase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

various inflammatory diseases.!'>~*”! Vorinostat is an oral HDAC
inhibitor that was approved by the FDA for the treatment of
cutaneous T-cell lymphoma in 2006.1"%! The molecular structure
of vorinostat is shown in Figure 1A. It is unknown whether vor-
inostat exerts a protective effect in OA; however, based on the
potential protective effects of the HDAC inhibitor mentioned
above, in this study, we attempted to investigate the
beneficial effect of vorinostat against IL-la-induced in-
flammatory insults and impairment of type Il collagen in
human T/C-28a2 chondrocytes and elucidate the underlying

mechanisms.
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2 | MATERIALS AND METHODS

2.1 | Cell culture and treatment

This study was carried out in accordance with the Principle of World
Medical Association Declaration of Helsinki Ethical Principles for
Medical Research Involving human subjects, and the use of human cell
line T/C-28a2 is only for research purposes. The T/C-28a2 chon-
drocyte line was cultured with modified Eagle's medium (DMEM)/
Ham's F-12 (1:1; Gibco) supplemented with 10% fetal calf serum, 1%
glutamine, 50 pg/ml ascorbate, 100 units/ml penicillin, and 50 pg/ml
streptomycin. The cells were cultured either in a T-75 cell culture flask
or a six-well plate unless specially indicated, and the medium was
changed every 3-4 days. For cell treatment, vorinostat was purchased
from Sigma-Aldrich (cat #SML0061), and IL-1a was purchased from
R&D Systems (cat # 200-LA). A total of 5ng/ml IL-1a was used to
activate chondrocytes based on a previous report.”) The concentra-
tion of vorinostat was referred to the previous studies in human
peripheral blood mononuclear cells and lung fibroblasts.?%?*! For the
experiential purpose, the cells were treated with 5 ng/ml IL-1a in the

presence or absence of vorinostat (100, 200 nM) for 24 h.

2.2 | 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay

T/C-28a2 cells were plated into a 96-well plate at the density of
5x 10*/well; 100 ul of DPBS was added as a blank control. The cells
were then treated with vorinostat at different concentrations (0, 10,
50, 100, 500, 1000, and 2000 nM) for 24 h. Then, 20 ul of MTT
(5 mg/ml) (Sigma-Aldrich) was added and incubated for 4 h. A total of
100 ul of MTT solvent dimethyl sulfoxide solution was then directly
added to the culture. The plate was read at 590 nm with a reference
filter of 620 nm. The data were normalized to the reference value and
presented as fold change.

2.3 | Lactate dehydrogenase (LDH) release
determination

The cytotoxicity was measured using an LDH assay kit (Thermo
Fisher Scientific) following the manufacturer's manual. The T/C-28a2
cells were cultured in a 96-well plate and treated as mentioned above
and then the supernatant of each well was collected and centrifuged
at 2000g for 20 min. The absorbance value of the samples was read
at a wavelength of 490 nm, and all the values of % LDH released

were normalized to the control.

2.4 | Mitochondrial ROS

Mitochondrial ROS in T/C-28a2 cells was determined using Mi-
toSOX Red staining (Cat#M36008; Thermo Fisher Scientific).

WILEY—L 2%

Briefly, the cells were cultured in the chamber slides. After the
specified treatment, cells were incubated with 5 uM MitoSOX for
10 min at 37°C in the dark. The mitochondrial ROS images were
visualized using a fluorescent microscope. The level of mi-
tochondrial ROS was analyzed using Image J software (NIH). Ten
regions of interest were randomly selected for each group, and an
average level of mitochondrial ROS was determined based on the
integrated density value of the regions normalized by the number

of cells in the regions.

25 |
analysis

Real-time polymerase chain reaction (PCR)

Total RNA from T/C-28a2 cells were isolated with the Qiazol (Qiagen)
and quantified using nanodrop2000 (Thermo Fisher Scientific). Two mi-
crogram of isolated RNA was used to synthesize complementary DNA
(cDNA) using a QuantiTect Reverse Transcription Kit (205311; Qiagen).
Real-time PCR was performed using SYBR Green | master mix with
specific gene primers and synthesized cDNA on a LightCycler 480 PCR
machine (Roche). The expression levels of target genes were calculated
using the 2°2A¢ method and normalized to GAPDH. The following pri-
mers were used:

Col2al: F: 5'-AATTCCTGGAGCCAAAGGAT-3', R: 5'-AGGACCA
GTTGCACCTTGAG-3'; Sox-9: 5'-AGGAAGCTCGCGGACCAGTAC-3', R:
5'-GGTGGTCCTTCTTGTGCTGCAC-3'; MMP-13: F: 5'-CTTGATGC
CATTACCAGTC-3', R: 5'-GGTTGGGAAGTTCTGGCCA-3'; ELF3: F: 5'-C
AACTATGGGGCCAAAAGAA-3', R: 5'-TTCCGACTCTGGAGAACCTC-3';
GAPDH: 5'-CATCAAGAAGGTGGTGAAGCAG-3', R: 5'-CGTCAAAGG
TGGAGG AGTGG-3'.

2.6 | Western blot analysis

TC-28a2 cells were lysed using RIPA buffer with protease in-
hibitor cocktails (Roche). A total of 30-50 pg of protein was then
separated by a gradient 8%-12% sodium dodecyl sulphate poly-
acrylamide gel electrophoresis gel and transferred onto poly-
vinylidene fluoride membranes. After blocking with 5% slim milk
for an hour, the membranes were loaded with specific primary
antibodies overnight at 4°C. The following antibodies were used
to detect the corresponding proteins: SOX-9 (1:1000; Abcam),
type Il collagen (1:2000; Abcam), ELF3 (1:1000; Abcam), and B-
actin (1:10,000; Abcam), followed by incubation with appropriate
secondary antibodies. The membrane was then exposed to the
SuperSignal West Pico Chemiluminescent Substrate (Thermo

Fisher Scientific) and visualized by autoradiography.

2.7 | Enzyme-linked immunosorbent assay (ELISA)

T/C-28a2 cells were plated into a 96-well flat-bottom plate. Cells were
stimulated with 5 ng/ml IL-1a in the presence or absence of vorinostat
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(100, 200 nM) for 24 h. The supernatant from the cell growth media
was collected and centrifuged to obtain protein samples. The levels of
tumour necrosis factor a (TNF-a), IL-6, and MMP-13 were determined
using the commercial ELISA kits (R&D Systems). The reaction was
performed according to the manufacturer's protocol.

2.8 | Statistical analyses

The data was displayed as mean+SD. The data were analyzed using
analysis of variance with Bonferroni's posthoc test. All testing was per-
formed using GraphPad Prism 6 software. The p values <0.05 were

considered significant.

3 | RESULTS

3.1 | Effects of vorinostat on cytotoxicity in human
T/C-28a2 cells

Cells were treated with vorinostat at concentrations of 0, 10, 20, 100,
200, 1000, and 2000 nM for 24 h. As shown in Figure 1B, when the
concentration of vorinostat increased from O to 200 nM, no significant
difference was observed. However, cell viability reduced markedly when
the concentration of vorinostat was higher than 200 nM. Similarly, the
results in Figure 1C show that when the concentration of vorinostat was
higher than 200 nM, LDH release increased markedly. Therefore, 100 and
200 nM of vorinostat were used for this study.

3.2 | Vorinostat reduced IL-1a- induced
production of mitochondrial ROS, IL-6, and TNF-a in
human T/C-28a2 cells

To evaluate the effect of vorinostat on IL-1a- induced oxidative
stress, we measured the generation of mitochondrial ROS. As shown
in Figure 2A, IL-1a- induced a 3.2-fold increase in ROS, which was
reduced to 2.3- and 1.7-fold by 100 and 200 nM vorinostat, re-
spectively. We then examined the effects of vorinostat on IL-1a-
induced production of IL-6 and TNF-a in T/C-28a2 chondrocytes. IL-
la increased the secretion of IL-6 from 93.2 to 263.8 pg/ml, which
was rescued to 182.3 and 155.7 pg/ml by 100 and 200 nM vorino-
stat, respectively. Consistently, IL-1a increased the secretion of TNF-
a from 51.7 to 116.1 pg/ml, which was reduced to 87.9 and 72.7 pg/
ml by 100 and 200 nM vorinostat, respectively.

3.3 | Vorinostat prevented an IL-1a- induced
decrease in the expressions of the Col2al gene and
that of SOX-9 in human T/C-28a2 cells

As shown in Figure 3A, stimulation with IL-1a significantly reduced
the expression of Col2al to 56%, which was rescued to 75% and 93%
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FIGURE 2 Vorinostat reduced IL-1a-induced production of
mitochondrial ROS, IL-6, and TNF-a in human T/C-28a2 cells. Cells were
stimulated with 5 ng/ml IL-1a in the presence or absence of vorinostat
(100 and 200 nM) for 24 h. (A). The level of mitochondrial ROS was
assayed using MitoSOX Red. Scale bar = 100 um (B). Level of IL-6
measured by ELISA (C). Level of TNF-a measured by ELISA (N =5,
****p < 0.001 versus the vehicle group; **p < 0.01, ***p < 0.005 vs. the IL-
1a group). ELISA, enzyme-linked immunosorbent assay; IL, interleukin;
ROS, reactive oxygen species; TNF-a, tumour necrosis factor a

by 100 and 200 nM vorinostat, respectively. Additionally, we further
measured the effect of vorinostat on the expression of SOX-9. The
results in Figure 3B show that IL-1a- induced an approximate 50%
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FIGURE 3 Vorinostat prevented IL-1a-induced decrease in the
expression of Col2al gene and the expression of SOX-9 in human T/
C-28a2 cells. Cells were stimulated with 5 ng/ml IL-1a in the
presence or absence of vorinostat (100, 200 nM) for 24 h. (A) mRNA
of Col2al as measured by real-time PCR. (B) mRNA of SOX-9 as
measured by real-time PCR. (C) Protein of Sox-9 as measured by
western blot analysis (N =5, ****p < 0.001 vs. the vehicle group;

**p < 0.05, ***p <0.01 vs. the IL-1a group). Col2a1, collagen type Il
al; IL, interleukin; mRNA, messenger RNA; PCR, polymerase chain
reaction
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decrease in SOX-9 at the messenger RNA (mRNA) level. Meanwhile,
the two doses of vorinostat increased the mRNA levels of SOX-9 to
72% and 90%, respectively. As expected, the results in Figure 3C
show that the same doses of vorinostat rescued the protein levels of
SOX-9 to 81% and 95%, respectively, compared with a decrease of
63% by exposure to IL-1a only.

3.4 | Vorinostat prevented IL-1a- induced
degradation of type Il collagen and the expression of
MMP-13 in human T/C-28a2 cells

We then investigated the effects of vorinostat on the protein level of
type Il collagen and the expression of MMP-13. As shown in Figure 4A,
IL-1a decreased the protein level of type Il collagen to 57%, which was
rescued to 76% and 94% by 100 and 200 nM of vorinostat, respectively.
The results in Figure 4B,C show that IL-1a exerted a strong effect toward
increasing the expression of MMP-13 at both the mRNA and protein
levels. However, the same doses of vorinostat significantly inhibited the

expression of MMP-13 in a dose-dependent manner.

3.5 | Vorinostat prevented IL-1a-induced increase
in the expression of ELF3 in human T/C-28a2 cells

ELF3 is a transcriptional factor and plays a pivotal role in the
development of OA. Previous studies have demonstrated that
proinflammatory cytokines could increase the expression of
ELF3. In this study, the results in Figure 5A,B show that treatment
with IL-1a significantly increased the expression of ELF3 at both
the mRNA and protein levels in a dose-dependent manner. We
then investigated whether treatment with vorinostat exerted
protective effects against IL-1a-induced increase in the expres-
sion of ELF3. As shown in Figure 6A, treatment with IL-1a in-
duced a 2.7-fold increase in ELF3 at the mRNA level, which was
reduced to 2.1- and 1.6-fold by 100 and 200 nM vorinostat, re-
spectively. Similarly, the protein level of ELF3 was reduced to
1.9- and 1.5-fold by the
respectively, compared with an increase of 2.5-fold by exposure

same doses of vorinostat,

to IL-1a only.

3.6 | Overexpression of ELF3 abolished the
protective effects of vorinostat against an IL-1a-
induced decrease in the expression of the Col2al
gene and that of SOX-9

To further investigate whether the protective effects of vorinostat
against IL-1a are mediated by inhibiting ELF3, cells were transfected
with 50 ng of plasmids encoding human ELF3. Successful over-
expression of ELF3 is shown in Figure 7A. The results in Figure 7B
show that vorinostat rescued the expression of the Col2al gene to
98%, compared with a 54% decrease by exposure to IL-1a only.
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FIGURE 4 Vorinostat prevented IL-1a-induced degradation of type
Il collagen and the expression of MMP-13 in human T/C-28a2 cells. Cells
were stimulated with 5 ng/ml IL-1a in the presence or absence of
vorinostat (100 and 200 nM) for 24 h. (A) Levels of type Il collagen were
measured by western blot analysis. (B) mRNA of MMP-13. (C) Protein of
MMP-13 as measured by ELISA (N =5, ****p < 0.001 vs. the vehicle
group; **p <0.05, ***p <0.01 vs. the IL-1a group). ELISA, enzyme-linked
immunosorbent assay; IL, interleukin; MMP-13, matrix metalloproteinase
13; mRNA, messenger RNA
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FIGURE 5 IL-1a increased the expression of ELF3 in a dose-

dependent manner in human T/C-28a2 cells. Cells were stimulated
with IL-1a at the concentrations of 2.5 and 5 ng/ml for 24 h. (A).
mRNA of ELF3 (B). Protein of ELF3 (N =5, **p < 0.01, ***p < 0.005 vs.
the vehicle group). ELF3, E74-like factor 3; IL, interleukin; mRNA,
messenger RNA

However, the expression of the Col2al gene was reduced to only
49% in the cells overexpressing ELF3. Similarly, the results in
Figure 7C,D show that the effect of vorinostat on the expression of

SOX-9 was abolished by overexpression of ELF3.

3.7 | Overexpression of ELF3 abolished the
protective effects of vorinostat against IL-1a- induced
degradation of type Il collagen and the expression of
MMP-13

As shown in Figure 8A, vorinostat rescued the protein level of type Il
collagen to 91%, compared with a decrease of 53% induced by IL-1a.
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4 | DISCUSSION

OA is a complex degenerative joint disorder that involves chon-
drocyte dysfunction and chronic inflammation leading to cartilage
degradation and ultimately deformity of the joints, and even dis-
ability. Type Il collagen is the main component of articular ECM and is
responsible for its structure and function. Excessive destruction of

type Il collagen is the main cause of cartilage degradation and is an

FIGURE 7 Overexpression of ELF3 abolished the protective
effects of vorinostat against IL-1a-induced decrease in the

expression of the Col2al gene and the expression of SOX-9. Cells
were transfected with 50 ng of expression vector encoding human
ELF3, followed by stimulation with 5 ng/ml IL-1a in the presence or
absence of vorinostat (200 nM) for 24 h. (A) Western blot analysis
revealed successful overexpression of ELF3. (B) Expression of the
Col2a1 gene. (C) mRNA of SOX-9. (D) Protein of Sox-9 (N=4 or 5,
***p < 0.005 vs. the previous column group). Col2a1, collagen type I
al; ELF3, E74-like factor 3; IL, interleukin; mRNA, messenger RNA
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FIGURE 8 Overexpression of ELF3 abolished the protective effects
of vorinostat against IL-1a-induced degradation of type 2 collagen and
the expression of MMP-13. Cells were transfected with 50 ng of an
expression vector encoding human ELF3, followed by stimulation with
5ng/ml IL-1a in the presence or absence of vorinostat (200 nM) for
24 h. (A) Protein levels of type 2 collagen. (B) mRNA of MMP-13. (C)
Protein of MMP-13 as measured by ELISA (N =5, ***p < 0.005 vs. the
previous column group). Col2a1l, collagen type Il al; ELF3, E74-like
factor 3; ELISA, enzyme-linked immunosorbent assay; IL, interleukin;
MMP-13, matrix metalloproteinase 13

irreversible progression. Therefore, in this study, we investigated the
protective effects of vorinostat on the expression of type Il collagen
at both mRNA and protein levels. Furthermore, we elucidated the
involvement of several important transcription factors such as SOX-9
and ELF3 to explore the underlying mechanism. ROS are oxygen-
containing free radicals produced in metabolic and physiological
processes. In healthy conditions, a low level of ROS has been con-
sidered as the intracellular second messenger by regulating the ex-
pression of various gene factors, such as proinflammatory cytokines,
chemokines, and MMPs, to maintain cellular homeostasis and func-
tion.?22°] However, in pathological conditions, elevated generation
of ROS changes the oxidative/antioxidative balance to oxidative
status. When the imbalance is great enough to change cell functions,
it is called “oxidative stress,” which plays essential roles in a variety of
diseases including OA.P4 Overproduction of ROS and oxidative
stress have been found in patients with OA.?>?%! It has been re-
ported that ROS could induce chondrocyte apoptosis.?”! The chon-
drocyte is the only cell type in cartilage tissue and is responsible for
the production of type Il collagen. As chondrocytes lack a self-
renewal capacity, abnormal chondrocyte apoptosis reduces the pro-
duction of type Il collagen. Furthermore, ROS can cause damage to
type Il collagen directly by attacking the amino acids and lipid chains
of collagen and changing its primary structure.l?® Importantly,
overproduction of ROS may indirectly affect the reduction of type Il
collagen, such as by upregulating the activity of NF-kB to promote
the production of proinflammatory cytokines and collagenases, which
further destroy the articular ECM.??%% In the past decades, in-
creasing evidence has shown that HDAC inhibitors exert protective
effects on OA. For example, trichostatin could inhibit the synthesis of
nitric oxide and prostaglandin E2 (PGE,) and prevent chondrocyte
apoptosis.®>? In this study, we found that vorinostat has a strong
inhibitory effect on IL-1a-induced oxidative stress by suppressing the
production of ROS.

MMP-13, also known as collagenase-3, is a member of the
MMP family, which is recognized as zinc-dependent en-
dopeptidases that degrade various components of the ECM and
basement membrane.l*®*% Compared with other collagenases,
MMP-13 is more specific and potent in breaking down type Il
collagen in cartilage, leading to resultant joint destruction.®”!
Therefore, the excessive production of MMP-13 is closely related
to the progression of OA. Recent studies have reported that
vorinostat could reduce the expression of MMPs in several in
vitro models.’¢%7! These findings demonstrate the close re-
lationship between vorinostat and MMPs, and led us to measure
the effects of vorinostat on MMP-13 in OA chondrocytes. Our
results show that treatment with vorinostat significantly sup-
presses the IL-1a-induced overexpression of MMP-13 at both
mRNA and protein levels to rescue the protein of type Il collagen.
SOX-9 is a key transcription factor in cartilage tissue; its ex-
pression is important for chondrogenesis and chondrocyte sur-
vival.’®1 A recent study showed that blockade of SOX-9 with
siRNA reduced the expression of type Il collagen (Col2a1) at both
mRNA and protein levels,®”! while IL-1B stimulation inhibits
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R

COL2A1 gene expression by suppressing SOX-9 promoter activity
in chondrocytes.l*?! In the current study, we found a significant
decrease in SOX-9 induced by IL-1a, resulting in the suppression
of type Il collagen at the gene level, which was rescued by the
two doses of vorinostat, in a dose-dependent manner. Finally, we
investigated the involvement of ELF3. ELF3 has been considered
a notable transcription factor by modulating inflammatory re-
sponses in joint diseases such as OA and rheumatoid arthritis by
regulating genes of cytokines, chemokines, and enzymes.[**#?! In
chondrocytes, the expression of ELF3 can be induced by proin-
flammatory cytokines such as IL-1a. Researchers found that ELF3
activates MMP-13 transcription by binding to a conserved ETS
site in its proximal promoter region and then upregulates MMP-
13 expression. Furthermore, they showed evidence that the
knockdown of ELF3 abolished the increase in MMP-13 expres-
sion induced by IL-1B.1°! In addition, our results demonstrate
that the overexpression of ELF3 impaired the inhibitory effect of
vorinostat on MMP-13. Importantly, a recent study demonstrated
that ELF3 not only directly interacts with the high-mobility group
(HMG) domain of SOX-9 but it also represses COL2A1 promoter
activity by inhibiting SOX-9- and CBP/p300-mediated HAT ac-
tivity. Consistently, our results indicate that overexpression of
ELF3 abolishes the protective effects of vorinostat on inhibition
of SOX-9 and COL2A1. A graphical summary of the underlying
mechanism is shown in Figure 9.

Based on these findings, we conclude that vorinostat has the
capacity to ameliorate the loss of type Il collagen against
IL-1a
achieved by

in human chondrocytes at the transcriptional level,

increasing the expression of SOX-9 and its
by of MMP-13.

Importantly, these effects are mediated by the suppressed ex-

protein level reducing the expression

pression of ELF3.
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