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a b s t r a c t

Background: Anterior cruciate ligament (ACL) injury is recognized as a risk factor for osteoarthritis (OA)
progression. Herein, the function of TAF15 in ACL injury-induced OA was investigated.
Methods: OA cell model and OA mouse model were established by interleukin-1 beta (IL-1b) stimulation
and ACL transection administration, respectively. The pathological changes were analyzed by histopa-
thology. The mRNA and protein expressions were assessed using qRT-PCR, Western blot and IHC.
Chondrocyte viability and apoptosis were examined by CCK8 assay and TUNEL staining, respectively. The
interactions between TAF15, BRD4 and GREM1 were analyzed by RIP or ChIP assay.
Results: TAF15 expression was markedly elevated in OA, and its knockdown suppressed IL-1b-induced
chondrocyte apoptosis and ECM degradation in vivo and cartilage pathological changes in vitro. TAF15
promoted BRD4 mRNA stability, and TAF15 silencing's repression on chondrocyte apoptosis and ECM
degradation induced by IL-1b was abrogated following BRD4 overexpression. BRD4 promoted GREM1
expression by directly binding with GREM1. In addition, the GREM1/NF-kB pathway functioned as the
downstream pathway of BRD4 in promoting OA progression.
Conclusion: TAF15 upregulation facilitated chondrocyte apoptosis and ECM degradation during OA
development by acting on the BRD4/GREM1/NF-kB axis, which provided a theoretical basis for the
development of novel therapies for OA.
© 2023, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction devoted to uncovering the pathological processes of ACL injury-
Osteoarthritis (OA) is a common degenerative joint disease,
affecting 70% of people worldwide [1]. The main phenotype of OA
includes the degeneration and inflammation of multiple articular
cartilages including cartilage, synovium, meniscus, and ligaments
[2], among which anterior cruciate ligament (ACL) is the most
important joint. As widely described, traumatic or degenerative
fractures-induced ACL injury is an important risk factor affecting
OA development [3]. Despite increasing efforts that have been
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ative Medicine. Production and ho
induced OA, the molecular mechanisms remain unclear. There-
fore, there is an unmet medical need to find new therapeutic tar-
gets to develop more effective therapeutic strategies for OA.

TATA-box binding protein associated factor 15 (TAF15) functions
in maintaining target mRNA stability by regulating mRNA tran-
scription, splicing and trafficking [4]. TAF15 is markedly upregu-
lated in cartilage tissues of OA patients and OA mice [5], revealing
the risking role of TAF15 in affecting OA progression. It was also
previously described that TAF15 upregulation repressed chondro-
genic differentiation during OA progression by maintaining FUT1
mRNA stability [5]. Although the risking role of TAF15 in OA has
been explained, more research is needed on the specific molecular
mechanism by which TAF15 regulates the progression of ACL
injury-induced OA.

Bromodomain-containing 4 (BRD4), a ubiquitously expressed
200 kDa nuclear protein, is a mammalian bromodomain protein
which functions in regulating various biological processes by
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binding to acetylated chromatin [6]. The expression change of BRD4
is one of the factors affecting inflammatory disease progression. As
proof, Zhu et al. revealed that BRD4 inhibition attenuated patho-
logical cardiac hypertrophy by inhibiting cardiomyocyte fibrosis
and inflammation [7]. In addition, as previously illustrated, BRD4
blockade prevented myocardial ischemia/reperfusion injury by
inhibiting inflammation and oxidative stress [8]. Recent studies
have emphasized the function of BRD4 in OA. BRD4was reported to
be upregulated in articular cartilage of OA, and its inhibition could
attenuate cartilage destruction ACL transection-induced OA mice
by inactivating nuclear transcription factor-kB (NF-kB) signaling
pathway [9]. Moreover, BRD4 repression alleviated mechanical
stress-induced temporomandibular joint OA-like pathological
changes and inhibited inflammation as well [10]. In the current
research, by using starBase, it was predicted that TAF15 had a po-
tential binding site to BRD4. Therefore, it's speculated that TAF15
achieves its biological role in OA by maintaining BRD4 mRNA sta-
bility, which deserves further research.

Gremlin-1 (GREM1), as a member of the bone morphogenetic
protein (BMP) antagonist family, functions in regulating organo-
genesis and tissue differentiation [11]. GREM1 was reported to be
upregulated in OA, and it acted as the downstream target of miR-
183-5p in facilitating IL-1b-induced apoptosis and extracellular
matrix (ECM) degradation in chondrocytes [12]. Chang et al. also
identified GREM1 as a key pathogenic factor accelerating excessive
mechanical loading-induced accelerates cartilage degeneration;
mechanistically, GREM1 contributed to cartilage degeneration by
activating NF-kB signaling [13]. Notably, it was illustrated by Lucia
et al. that BRD4 promoted GREM1 expression by binding with
GREM1 promoter region in glomerulonephritis [14]. Nevertheless,
this regulatory relationship has not been verified in OA.

We hypothesized that TAF15 promoted GREM1 expression by
maintaining BRD4 mRNA stability, thereby activating the gremlin-
1-NF-kB pathway and promoting OA progression, providing a po-
tential therapeutic strategy for OA.

2. Materials and methods

2.1. Clinical sample collection

The cartilage tissues were collected from patients with femoral
neck fractures without OA history undergoing total hip replace-
ment surgery (normal, n ¼ 10), patients with ACL injury (ACL-NC,
n ¼ 10) undergoing knee arthroscopy and patients with ACL injury
and OA (ACL-OA, n ¼ 20) undergoing knee arthroplasty surgery at
Hainan General Hospital (Hainan Affiliated Hospital of Hainan
Medical University). This study was passed the review of Ethics
Committee of Hainan General Hospital (Hainan Affiliated Hospital
of Hainan Medical University) before enrollment of patients and all
participants signed informed consent.

2.2. Animal experiments

20 male C57BL/6 mice (8-week-old) were obtained from SJA
Laboratory Animal Co, Ltd (Hunan, China). After acclimation for 1
week, mice in the ACLT group, the ACLT þ sh-NC group and the
ACLT þ sh-TAF15 group received ACL transection (ACLT) via medial
parapatellar approach. The mice were anesthetized with 2% iso-
flurane and temperature was maintained at 37 �C. The ACL was
severed near tibia insertion by a sharp scalpel. The sh-TAF15 len-
tiviral vector and sh-NC were constructed by GenePharma. Lenti-
virus of sh-TAF15 and sh-NC were injected into the joint cavity of
mice in the ACLT þ sh-NC group and the ACLT þ sh-TAF15 group at
0, 15, 30 and 45 post-surgery. After 6 weeks, mice were sacrificed,
and the cartilage tissues were collected. The animal studies were
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approved by Hainan General Hospital (Hainan Affiliated Hospital of
Hainan Medical University).

2.3. Cell culture and treatment

C28/I2 cells, purchased from ATCC (VA, USA), were cultured in
DMEM (Gibco, MD, USA) mixed with 10% FBS (Gibco) at 37 �C with
5% CO2. C28/I2 cells were incubated with 10 ng/mL IL-1b (Pepro-
Tech, NJ, USA) for 24 h to establish the OA cell model as previously
described [15].

2.4. Cell transfection

The small interfering RNA of TAF15 (si-TAF15), the over-
expression plasmid of BRD4 (oe-BRD4), si-BRD4, oe-GREM1 and
their negative controls, synthesized by GenePharma (Shanghai,
China), were transfected into cells with Lipofectamine™ 3000
(Invitrogen, Carlsbad, CA, USA).

2.5. Cell counting kit-8 (CCK-8) assay

Cells were cultured in 24-well plates (2� 104 cells/well) for 24 h
and incubated with CCK-8 (10 mL, Sangon, Shanghai, China) at 37 �C
for 3 h. Absorbance was analyzed at 450 nm.

2.6. RNA degradation assay

Cells were incubated with 5 mg/mL actinomycin D (Sigma-
eAldrich, MO, USA) for 0 h, 3 h, 6 h and 9 h. Then RNAwas extracted
from cells, reverse transcribed to cDNA and analyzed by qRT-PCR.

2.7. Immunohistochemistry (IHC)

The cartilage tissue sections (4 mm in thickness) were prepared.
After deparaffinization and antigen retrieval, sections were blocked
and incubated with antibodies against MMP13 (Abcam, 1:200,
ab219620) and Collagen II (Abcam, 1:200, ab34712) overnight fol-
lowed by incubation with secondary antibody (Abcam, 1:500,
ab150077) for 1 h. The sections were stained with DAB and then
counterstained with hematoxylin, dehydrated and mounted. The
images were taken using a microscope (Nikon, Tokyo, Japan).

2.8. RNA immunoprecipitation (RIP) assay

Cells were lysed with a complete RIP lysis buffer and incubated
with IgG (Abcam, Cambridge, UK, 1:50, ab172730) and TAF15
(Abcam, 1:50, ab134916) antibodies at 4 �C overnight. cDNA was
synthesized and used for qRT-PCR assay.

2.9. Chromatin immunoprecipitation (ChIP) assay

Cells were fixed and quenched. DNA was fragmented by soni-
cation. Then cell lysate was incubated with anti-BRD4 (Abcam,
1:100, ab128874) or anti-IgG (Abcam, 1:100, ab172730) at 4 �C
overnight. DNA was enriched and subjected to qRT-PCR.

2.10. TdT-mediated dUTP nick-end labeling (TUNEL) staining

Cells were fixed permeabilized. TUNEL staining was performed
with the kit obtained from Elabscience (Wuhan, China). The nu-
cleus was stained with DAPI (Sangon). Cartilage tissue sections
(4 mm in thickness) were prepared. The sections were subjected to
protein kinase K and stained with TUNEL solution for 1 h. Sections
were incubated with specific antibodies labeled with horseradish
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peroxidase for 1 h. Following counterstaining with DAB, sections
were stained with hematoxylin and observed under a microscope.

2.11. Hematoxylin-eosin (HE) staining

The cartilage tissue sections (5 mm in thickness) were prepared
and dehydrated. The sections were subsequently stained with HE
(SigmaeAldrich). The images were collected by a microscope
(Nikon).

2.12. Safranin O staining

Cartilage tissue sections (4 mm in thickness) were prepared. The
sections were subsequently deparaffinized by xylene and hydrated
by ethanol, stained with 0.1% Safranin-O (Sangon) for 10 min and
observed under a microscope (Nikon).

2.13. Osteoarthritis research society international (OARSI) scores

The histological characteristics of the regenerated cartilage tis-
sue were scored using the OARSI scoring system [16]. HE and
Safranin O-stained sections were analyzed by three independent
doctors blinded to the grouping, and the average scores were
calculated.

2.14. Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was extracted with TRIzol (ThermoFisher Scientific.
MA. USA). The cDNA was synthesized using the Reverse Tran-
scription Kit (Toyobo, Tokyo, Japan) and subjected to qRT-PCR by
using SYBR (ThermoFisher Scientific). GAPDH was used as the
reference gene. The data were analyzed with 2�DDCT method. The
primers were listed as follows (50-30):

TAF15 (F): GATTCTGGAAGTTACGGTCAGTC.
TAF15 (R): AGCTTTGTGATGCTTGTCCATAG.
BRD4 (F): ACCTCCAACCCTAACAAGCC.
BRD4 (R): TTTCCATAGTGTCTTGAGCACC.
GREM1 (F): CGGAGCGCAAATACCTGAAG.
GREM1 (R): GGTTGATGATGGTGCGACTGT.
GAPDH (F): GGAGCGAGATCCCTCCAAAAT.
GAPDH (R): GGCTGTTGTCATACTTCTCATGG.

2.15. Western blot

The proteins were isolated with RIPA, separated and transferred
to a PVDFmembrane (Millipore). Then, membranes were incubated
overnight with antibodies against TAF15 (Abcam, 1:1000,
ab134916), Bax (Abcam, 1:1000, ab32503), Bcl-2 (Abcam, 1:1000,
ab182858), MMP13 (Abcam, 1:1000, ab39012), ADAMTS5 (Abcam,
1:1000, ab41037), Collagen II (Abcam, 1:1000, ab34712), Aggrecan
(Abcam, 1:1000, ab3778), BRD4 (Abcam, 1:1000, ab128874),
GREM1 (R&D systems, MN, USA, 1:1000, AF956), p-p65 (Cell
Signaling Technology, 1:1000, #3031) and GAPDH (Abcam,
1:10000, ab8245). After washed with PBS-T, membranes were then
incubated with secondary antibody (Abcam, 1:10000, ab7090) for
60 min. The membranes were visualized and imaged by GEL im-
aging system (Bio-Rad, CA, USA).

2.16. Statistical analysis

All our data were obtained from three independent experi-
ments. Statistical data were analyzed by SPSS 19.0 (IBM, Armonk,
NY) and expressed as means ± SD. Between-group differences and
multi-group comparisons were analyzed by Student's t-test and
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one-way ANOVA, respectively. The p values less than 0.05 were
considered significant.

3. Results

3.1. TAF15 was significantly upregulated in OA cartilage tissue and
OA cell model, and its knockdown inhibited IL-1b-induced
chondrocyte apoptosis and ECM degradation

The cartilage tissues from patients without OA history (normal),
patients with ACL injury (ACL-NC) and patients with ACL injury and
OA (ACL-OA) were collected, and it was observed that the levels of
TAF15, BRD4 and GREM1were markedly upregulated in the ACL-OA
group compared to that in the ACL-NC and normal groups (Fig. 1A).
The OA cell model was established by IL-1b stimulation. It was
observed that TAF15 expression in human chondrocytes was
markedly increased by IL-1b stimulation (Fig. 1BeC). To further
investigate the biological role of TAF15 in OA, TAF15 knockdown
was induced in IL-1b-treated chondrocytes by transfecting si-TAF15
into cells. si-TAF15 reversed IL-1b-induced high expression of
TAF15 (Fig. 1DeE). IL-1b treatment resulted in decreased chon-
drocyte viability, which was abrogated by TAF15 downregulation
(Fig. 1F). In addition, chondrocyte apoptosis was markedly
increased by IL-1b stimulation, while this change was reversed by
si-TAF15 transfection (Fig. 1G). Consistently, IL-1b treatment led to
the increased Bax level and reduced Bcl-2 level, while these
changes were abrogated by TAF15 knockdown (Fig. 1H). Moreover,
IL-1b stimulation resulted in increased MMP13 and ADAMTS5
levels (key metalloproteinases that degrade cartilage matrix) and
reduced Collagen II and Aggrecan levels, whereas these effects were
eliminated by TAF15 silencing (Fig. 1I). All these results suggested
that TAF15 was highly expressed in OA, and its knockdown
repressed chondrocyte apoptosis and ECM degradation during OA
progression.

3.2. TAF15 maintained BRD4 mRNA stability in IL-1b-treated
chondrocytes

It has been widely illustrated that TAF15 achieves its biological
effects by maintaining target mRNA stability [4]. We subsequently
aimed to probe the downstream target of TAF15 in regulating OA
development. IL-1b increased BRD4 expression level in human
chondrocytes (Fig. 2AeB). Encouragingly, high BRD4 expression in
OA cell model was reduced by si-TAF15 transfection (Fig. 2CeD). RIP
assay subsequently revealed that TAF15 is directly bound with
BRD4 (Fig. 2E). Moreover, as displayed in Fig. 2F, TAF15 knockdown
accelerated BRD4 mRNA degradation. Collectively, TAF15 promoted
BRD4 expression by maintaining BRD4 mRNA stability in IL-1b-
treated chondrocytes.

3.3. BRD4 overexpression reversed the inhibitory effect of TAF15
knockdown on IL-1b-induced chondrocyte apoptosis and ECM
degradation

To study the role of BRD4 in TAF15-mediated inhibitory effects
on IL-1b-induced chondrocyte apoptosis and ECM degradation,
both TAF15 knockdown and BRD4 overexpressionwere induced. IL-
1b induced a higher level of BRD4 in chondrocytes, and oe-BRD4
transfection further promoted BRD4 expression level in IL-1b-
treated human chondrocytes (Fig. 3AeB), suggesting the trans-
fection was successful. Functional experiments subsequently
demonstrated IL-1b stimulation resulted in reduced chondrocyte
viability and increased apoptosis, while these changes caused by IL-
1b were reversed by TAF15 knockdown, and oe-BRD4 co-



Fig. 1. TAF15was significantlyupregulated inOAcartilage tissue andOAcellmodel, and its knockdown inhibited IL-1b-induced chondrocyte apoptosis andECMdegradation. (A) TAF15,
BRD4 andGREM1mRNA levels in cartilage tissueswere detected by qRT-PCR (BeC) TAF15 expression in chondrocytes following IL-1b treatmentwas assessed by qRT-PCR andWestern
blot. TAF15 knockdownwas induced in IL-1b-treated chondrocytes by transfecting si-TAF15 into cells (DeE) qRT-PCR andWestern blot were employed to examine TAF15 expression
level in chondrocytes (F) CCK8 assay was employed to analyze chondrocyte viability (G) Chondrocyte apoptosis was assessed by TUNEL staining (HeI) Bax, Bcl-2, MMP13, ADAMTS5,
Collagen II and Aggrecan protein levels in cells were detected using Western blot. Data were expressed as mean ± SD. All data were obtained from three independent experiments.
*p < 0.05, **p < 0.01, ***p < 0.001.
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Fig. 2. TAF15 maintained BRD4 mRNA stability in IL-1b-treated chondrocytes
(A) BRD4 mRNA level in cartilage tissues was detected by qRT-PCR (B) BRD4 expression level in chondrocytes following IL-1b treatment was assessed by qRT-PCR and Western blot
(CeD) BRD4 expression in IL-1b-treated chondrocytes following si-NC or si-TAF15 transfectionwas determined by qRT-PCR andWestern blot (E) RIP assay was carried out to analyze
the interaction between TAF15 and BRD4 (F) BRD4 mRNA stability in chondrocytes after TAF15 knockdown was assessed using RNA degradation assay. Data were expressed as
mean ± SD. All data were obtained from three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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transfection eliminated the effects of TAF15 knockdown
(Fig. 3CeD). Meanwhile, IL-1b induced higher Bax level and lower
Bcl-2 level in chondrocytes, while TAF15 knockdown inhibited Bax
level and promoted Bcl-2 level in IL-1b-treated chondrocytes, and
oe-BRD4 co-transfection eliminated these effects of TAF15 knock-
down (Fig. 3E). Additionally, IL-1b induced higher MMP13 and
ADAMTS5 levels and lower Collagen II and Aggrecan levels in
chondrocytes, while TAF15 knockdown inhibited MMP13 and
ADAMTS5 levels and promoted Collagen II and Aggrecan levels in
IL-1b-treated chondrocytes, and oe-BRD4 co-transfection elimi-
nated these effects of TAF15 knockdown (Fig. 3F). Taken together,
TAF15 facilitated chondrocyte apoptosis and ECM degradation in
OA by promoting BRD4 expression.

3.4. BRD4 promoted GREM1 expression in IL-1b-treated
chondrocytes

GREM1 acts as the target of BRD4 in regulating glomerulone-
phritis progression [14]. Herein, GREM1 expression in human
chondrocytes was markedly increased by IL-1b treatment
(Fig. 4AeB). We subsequently induced BRD4 knockdown in chon-
drocytes, and it was found that si-BRD4 transfection markedly
reduced BRD4 expression level in IL-1b-treated chondrocytes
(Fig. 4CeD). BRD4 knockdown resulted in reduced GREM1
expression in IL-1b-treated chondrocytes, whereas BRD4 over-
expression resulted in increased GREM1 expression in IL-1b-
treated chondrocytes (Fig. 4EeF). Meanwhile, the result from ChIP
assay revealed that BRD4 is directly bound with GREM1(Fig. 4G). In
conclusion, BRD4 promoted GREM1 expression in OA by directly
binding to BRD4.

3.5. BRD4 knockdown inhibited IL-1b-induced chondrocyte
apoptosis and ECM degradation by suppressing the GREM1/NF-kB
pathway

To study the role of BRD4/GREM1 in regulating OA progression,
both BRD4 knockdown and GREM1 overexpressionwere induced in
IL-1b-treated human chondrocytes. As demonstrated in Fig. 5AeB,
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IL-1b increased GREM1 expression in chondrocytes, and GREM1
expression level in IL-1b-treated chondrocytes was further
increased by oe-GREM1 transfection, revealing the transfectionwas
successful. It also turned out that BRD4 knockdown ameliorated IL-
1b-induced increase in chondrocyte apoptosis and prevented IL-1b-
induced decrease in chondrocyte viability, while these effects of
BRD4 knockdown were abrogated by GREM1 overexpression
(Fig. 5CeD). Additionally, si-BRD4 transfection ameliorated IL-1b-
induced increase in GREM1, p-p65 and Bax levels in chondrocytes
and prevented IL-1b-induced decrease in Bcl2 level, while these
protein changes caused by BRD4 knockdown were reversed by
GREM1 upregulation (Fig. 5E). Furthermore, BRD4 knockdown
ameliorated IL-1b-induced increase inMMP13 and ADAMTS5 levels
in chondrocytes and prevented IL-1b-induced decrease in Collagen
II and Aggrecan levels, while these effects of BRD4 knockdownwere
abrogated by GREM1 overexpression (Fig. 5F). Collectively, the
GREM1/NF-kB pathway functioned as the downstream pathway of
BRD4 in promoting chondrocyte apoptosis and ECM degradation in
OA.

3.6. TAF15 knockdown attenuated OA in ACLT mice

The role of TAF15 in OA was further investigated by using ACLT-
inducedmousemodel. It was first observed that TAF15 protein level
in mouse cartilage tissues was markedly increased by ACLT
administration, which was reversed by sh-TAF15 adenovirus
infection (Fig. 6A). ACLT led to an increase in the number of
MMP13-positive cells and downregulation of Collagen II expression
inmouse cartilage tissues, whereas these changes were all reversed
by TAF15 knockdown (Fig. 6BeC). The knee joint showed severe
degeneration, accompanied by severe cartilage damage and
decreased number of chondrocytes in ACLT group, while these
cartilage pathological changes caused by ACLT were partially
reversed by TAF15 silencing (Fig. 6DeE). Further analysis demon-
strated that OARSI score was significantly increased by ACLT
administration, while ACLT-induced OARSI score upregulation was
abrogated by TAF15 knockdown (Fig. 6F). In total, TAF15 down-
regulation attenuated OA progression in ACLT mice.



Fig. 3. BRD4 overexpression reversed the inhibitory effect of TAF15 knockdown on IL-1b-induced chondrocyte apoptosis and ECM degradation. (AeB) BRD4 expression level in IL-
1b-treated chondrocytes following oe-NC or oe-BRD4 transfection was assessed by qRT-PCR and Western blot. Both TAF15 knockdown and BRD4 overexpression were induced in IL-
1b-treated human chondrocytes (C) Chondrocyte viability was examined by CCK8 assay (D) TUNEL staining was conducted to analyze chondrocyte apoptosis (EeF) Western blot
was employed to assess Bax, Bcl-2, MMP13, ADAMTS5, Collagen II and Aggrecan protein levels in cells. Data were expressed as mean ± SD. All data were obtained from three
independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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4. Discussion

ACL injury is an important factor that caused post-traumatic OA
[17]. Among the factors thought to initiate ACL injury-induced OA
include elevated levels of inflammatory cytokines and proteases
and increased ECM degradation [18]. All of these processes may
trigger catabolic responses in joints that degrade the cartilage
matrix and promote apoptosis [19]. There are currently no effective
interventions other than total joint replacement surgery to slow the
progression of ACL injury-induced OA. In the current study, we
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discovered an exact molecular mechanism involved in OA patho-
genesis that TAF15 activated the GREM1-NF-kB pathway by pro-
moting BRD4 mRNA stability to accelerate OA development.

TAF15 functions in regulating cell proliferation and apoptosis
[20]. A previous study revealed that TAF15 regulated BMSC osteo-
genic differentiation by stabilizing DLX2 [21]. In addition, TAF15
was upregulated in OA [5]. Consistently, it was observed that TAF15
was markedly upregulated in cartilage tissues of ACL-OA patients
and ACLT mice as well as in IL-1b-treated human chondrocytes in
the present study. It also turned out that TAF15 knockdown



Fig. 4. BRD4 promoted BRD4 expression in IL-1b-treated chondrocytes (AeB) GREM1 mRNA level in cartilage tissues was detected by qRT-PCR and Western blot (C) GREM1
expression level in chondrocytes following IL-1b treatment was determined using qRT-PCR (D) BRD4 expression level in IL-1b-treated chondrocytes following si-NC or si-BRD4
transfection was determined using qRT-PCR and Western blot (EeF) GREM1 expression level in IL-1b-treated chondrocytes following BRD4 knockdown or BRD4 overexpression
was determined using qRT-PCR and Western blot (G) RIP assay was carried out to analyze the interaction between BRD4 and GREM1. Data were expressed as mean ± SD. All data
were obtained from three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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suppressed chondrocyte apoptosis and ECM degradation induced
by IL-1b. Moreover, TAF15 silencing attenuated OA in ACLT mice.
Collectively, all our results suggested that TAF15 contributed to
chondrocyte apoptosis and ECM degradation during OA
progression.

As an RNA-binding protein, TAP15 plays an important role in
mediating mRNA stability by regulating mRNA transcription, RNA
splicing and trafficking, and this regulatory mechanism has been
elucidated in numerous human malignant diseases [22]. As proof,
TAF15 facilitated lung squamous cell carcinoma cell proliferation
and migration by stabilizing HMGB3 mRNA [4]. Herein, a novel
regulatory mechanism is proposed in OA development whereby
TAF15 accelerates OA progression by maintaining BRD4 mRNA
stability. BRD4 is essential for inducible inflammatory gene
expression in inflammatory diseases. In the study of OA, the sig-
nificance of BRD4 in inflammation has been emphasized, and BRD4
inhibition alleviates pathological changes in OA [10,23]. In addition,
it was previously described that BRD4 recruitment to acetylated
chromatin promoted proinflammatory cytokine-induced ECM
degradation in chondrocytes during OA development [24]. In the
current study, BRD4 expression in human chondrocytes was
233
significantly increased following IL-1b stimulation. Encouragingly,
it was found that TAF15 promoted BRD4 expression by directly
binding with BRD4 and maintaining BRD4 mRNA stability. In
addition, BRD4 upregulation TAF15 knockdown's repression on
chondrocyte apoptosis and ECM degradation induced by IL-1b.
Collectively, TAF15 promoted chondrocyte apoptosis and ECM
degradation during OA progression by promoting BRD4 expression.

In the previous study, GREM1 was identified as a key risk factor
promoting cartilage degeneration by excessive mechanical loading,
mechanistically, GREM1 activated NF-kB pathway, resulting in sub-
sequent cartilage degeneration [13]. And excessive mechanical
loading is regarded as the essence ofOApathogenesis, leading to joint
instability, trauma, and joint inflammation [13]. What is more,
excessivemechanical loadingpromoted temporomandibular jointOA
by upregulating BRD4 [10]. However, the relationship betweenTAF15
andmechanical stress remainsunclearandneeds further exploration.
In the present research, IL-1b treatment resulted in elevated GREM1
expression in chondrocytes. As a reason, BRD4 promoted GREM1
expression in IL-1b-treated chondrocytes by directly targeting
GREM1. Loss-and gain-of function experiments subsequently
demonstrated that the GREM1-NF-kB functioned as the downstream



X. Du, R. Xin, X. Chen et al. Regenerative Therapy 24 (2023) 227e236
pathway of BRD4 in facilitating chondrocyte apoptosis and ECM
degradation induced by IL-1b. Taken together, BRD4 facilitated
chondrocyte apoptosis and ECM degradation in OA by activating the
GREM1/NF-kB pathway, and we speculated that mechanical loading
may accelerate OA pathogenesis through TAF15-BRD4-GREM1axis.
Fig. 5. BRD4 knockdown inhibited IL-1b-induced chondrocyte apoptosis and ECM degradati
treated chondrocytes following oe-NC or oe-GREM1 transfection was examined by qRT-PCR
IL-1b-treated human chondrocytes (C) CCK8 assay was employed to analyze chondrocyte via
Bax, Bcl-2, MMP13, ADAMTS5, Collagen II and Aggrecan protein levels in cells were detected
three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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Taken together, our research provided evidence that TAF15
upregulation TAF15 promoted GREM1 expression by maintaining
BRD4 mRNA stability, thereby activating the gremlin-1/NF-kB
pathway and promoting OA development. Our findings provided a
rationale for developing novel therapies for ACL injury-induced OA.
on by suppressing the GREM1-NF-kB pathway (AeB) GREM1 expression level in IL-1b-
and Western blot. Both BRD4 knockdown and GREM1 overexpression were induced in
bility (D) Chondrocyte apoptosis was assessed by TUNEL staining (EeF) GREM1, p-p65,
using Western blot. Data were expressed as mean ± SD. All our data were obtained from



Fig. 6. TAF15 knockdown attenuated OA in ACLT mice. TAF15 was knocked down by adenovirus in ACLT-induced mouse model with knee OA (A) GREM1 protein level in mouse
cartilage tissues was determined byWestern blot (BeC) The number of MMP13-positive cells and Collagen II level in mouse cartilage tissues were examined using IHC (DeE) HE and
Safranin O-stained sections were analyzed by three independent doctors blinded to the grouping, and the average scores were calculated (F) Histology analysis were employed to
analyze the cartilage pathological changes. Data were expressed as mean ± SD. n ¼ 5. *p < 0.05, **p < 0.01, ***p < 0.001.
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