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immunohistochemistry. The damage of cartilage tissue was detected by HE staining, and Safranin O-fast
green. Alcian-Blue and Alizarin red S staining were performed to evaluate BMSCs chondrogenic differ-

g‘;}t’::)(;rr(i;:ritis entiation. The relationship between XIST and TAF15, XIST and TAF15 were analyzed by RNA immuno-
XIST precipitation assay. Luciferase reporter assays and chromatin immunoprecipitation were performed to
Chondrogenic differentiation detect the interaction relationship between XIST and YY1. In addition, osteoarthritis mice were built to
BMSCs assess the function of XIST in vivo.

YY1 Results: The levels of XIST, TAF15 and FUT1 were upregulated in cartilage tissues from osteoarthritis

patient. The level of XIST was decreased in BMSCs during chondrogenic differentiation. XIST over-
expression inhibited the chondrogenic differentiation of BMSCs. Moreover, silencing of FUT1 reversed the
effects of XIST overexpression on BMSCs chondrogenic differentiation. Mechanistically, in BMSCs, YY1
induced the expression of XIST in BMSCs, and XIST regulated FUT1 mRNA stability through targeting
TAF15. Furthermore, silencing of XIST alleviated the symptoms of cartilage injury in OA mice.
Conclusion: Taken together, these results suggested that YY1 induced XIST was closely related to the
chondrogenic differentiation of BMSCs and the progression of osteoarthritis by TAF15/FUT1 axis, and may
be a new OA therapeutic target.
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1. Introduction
Abbreviations: OA, osteoarthritis; MSCs, mesenchymal stem cells; BMSCs, bone
marrow-derived mesenchymal stem cells; TFs, transcription factors; YY1, ying yang Osteoarthritis (OA) is a type of degenerative arthropathy with
1; XIST, X inactive specific transcript; IncRNAs, long noncoding RNAs; TAF15, TATA- characteristics including cartilage erosion, osteophytes and sub-

box-binding protein-associated factor 15; FUT1, fucosyltransferase 1; H&E, hema-
toxylin and eosin; RT, room temperature; qRT-PCR, quantitative real-time poly-
merase chain reaction; SOX9, sex-determining region Y (SRY)-box 9; ACAN,

chondral sclerosis [1,2]. It is predicted that approximately 0.25
billion people suffer from OA in the world [3]. OA causes significant

aggrecan; RIP, RNA immunoprecipitation; ChIP, chromatin immunoprecipitation. pain and stiffness in the joints and substantial societal burden [4].
* Corresponding author. Department of Rheumatology, JiangXi Provinvcial Peo- The cause and development of OA is complex, including obesity,
ple’s Hospital, The First Affiliated Hospital of Nanchang Medical College, No. 92, biomechanical, environmental, genetic, and aging [5]. The con-
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Peer review under responsibility of the Japanese Society for Regenerative control [6]. However, the drugs using to relieve pain are often
Medicine. insufficient, and there are no effective therapies to prevent OA.
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Recently, cell therapy, specifically with mesenchymal stem
cells (MSCs), which could differentiate into chondrocytes and has
unique immunoregulatory competence, gained increasing
attention [7]. MSC-based therapy has been demonstrated to
reduce cartilage degeneration, encourage pain reduction and
inhibit OA progression [8,9]. Especially bone marrow-derived
MSCs (BMSCs), one of the most common sources of MSCs, has
been considered as an optimal approach for cartilage repair.
Many studies have reported that BMSCs could repair osteo-
chondral defects with regenerated cartilage both in animal and
clinical studies [10—12]. For example, transplantation of BMSC in
rabbit with defective articular cartilage could regenerate osteo-
chondral tissue successfully [13]. Moreover, Orozco et al.
confirmed that injection of autologous BMSCs relieved the clin-
ical symptoms of chondral defects, and improve the knee func-
tion and cartilage quality of OA patients [14]. The differentiation
and proliferation capacity of BMSCs were regulated by numerous
factors, such as bioactive factors, culture conditions and gene
editing. Therefore, understanding the mechanisms of regulation
of BMSCs chondrogenic differentiation are essential for their
therapeutic applications.

Transcription factors (TFs), which regulate genes transcription
through binding DNA, have decisive roles in biological processes
such as cell proliferation, differentiation and apoptosis [15]. More
recently, the functional roles of TFs for cartilage development
and regeneration are researched both in vitro and in vivo [16,17].
For example, transcription factor Sox9 is indispensable for
chondrogenesis and the survival of chondrocyte [18]. Ying Yang 1
(YY1), one DNA-binding zinc finger TF, which could function as
an activator or a repressor of many genes associated with cell
survival, cell proliferation, DNA repair and autophagy [19].
Interestingly, study had demonstrated that YY1 is also an
important regulator for MSC multipotency and differentiation
[20]. For example, YY1 regulated p38-induced MSCs differentia-
tion into osteoblasts [21]. Moreover, it was reported that YY1
regulated the expression of cartilage-specific gene (Chon-
dromodulin-I) in MSCs [22]. However, the effects and mecha-
nisms of YY1 on BMSCs chondrogenic differentiation remain
unclear and need further investigation.

Long noncoding RNAs (IncRNAs) are non-coding transcripts
>200 nt in length [23]. Many evidences have revealed the physical
features, biological functions, and potential roles of IncRNAs in OA
[24,25]. Moreover, IncRNAs are also participated in the chondro-
genic differentiation by MSCs [26]. Notably, IncRNA X inactive
specific transcript (XIST), which regulated progression of various
types of cancer, was upregulated in cartilage from OA patients [27].
Furthermore, it was demonstrated that XIST promoted the prolif-
eration and apoptosis of OA chondrocytes through the miR-211/
CXCR4 signal pathway, or promote the degradation of extracel-
lular matrix in OA by targeting miR-1277-5p [28,29]. However, the
specific mechanism underlying how XIST regulated BMSCs chon-
drogenic differentiation has yet to be fully elucidated.

In this study, XIST was found to be upregulated in OA cartilage
and BMSCs during chondrogenic differentiation. XIST over-
expression suppressed the chondrogenic differentiation of BMSCs.
Mechanistic studies revealed that YY1-induced XIST regulates the
chondrogenic differentiation of BMSCs by binding with TATA-box-
binding protein-associated factor 15 (TAF15) to stabilizing fuco-
syltransferase 1 (FUT1) expression. Therefore, our study identified
a new YY1/XIST/TAF15/FUT1 axis in the differentiation of BMSCs
into chondrocytes, thereby providing a novel avenue for OA
treatment.
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2. Materials and methods
2.1. Clinical samples

All procedures were approved by the Medical Ethics Committee
of Jiangxi Provincial People's Hospital Affiliated to Nanchang Uni-
versity. Informed consent was obtained from all patients. Cartilage
tissues were obtained from 22 OA patients (11 females and 11
males, 43—72 years) who underwent knee replacement and 22
patients without OA (10 females and 12 males, 36—58 years) who
underwent the amputation at the Jiangxi Provincial People's Hos-
pital Affiliated to Nanchang University and were preserved in
-80 °C. OA was diagnosed using the World Health Organization
parameters.

2.2. Cell culture and differentiation

Human BMSCs were obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA) and cultured using DMEM
medium supplemented with 10% FBS (Invitrogen, Carlsbad, CA,
USA), and 1% penicillin-streptomycin (Invitrogen) at 37 °C in 5%
CO,. Medium was changed every three days.

For chondrogenic differentiation, 1 x 10® BMSCs were seeded in
12-well plate and induced using StemPro® Chondrogenesis Dif-
ferentiation kit (Thermo Scientific, Waltham, MA USA) for 0, 7 and
14 days. Medium was changed every 4 days.

2.3. Cell transfection

SiRNA-XIST, siRNA-TAF15, siRNA-FUT1, siRNA-YY1, XIST over-
expression plasmid pcDNA3.1-XIST, YY1 overexpression lentivirus
and their respective controls were designed and synthesized
through GenePharma (Shanghai, China). Cells were transfected
with Invitrogen Lipofectamine™3000 reagent (Thermo Fisher Sci-
entific, Inc.), following the manufacturer's recommendations. 24 h
after transfection, the cells were collected for subsequent
experimentation.

2.4. Hematoxylin and eosin (H&E) and Alcian blue staining

Cartilage tissues from OA patients or OA mice were fixed by 4%
formaldehyde, decalcified with 0.2 M EDTA for two weeks. Dehy-
dration and paraffin embedding were conducted conventionally.
Paraffin sections (5 pum) were then dewaxed and rehydrated. The
sections were stained with an H&E staining kit (Beyotime,
Shanghai, China) or 1% Alcian Blue 8GX (Abcam; cat# ab145250) at
room temperature (RT). After washing, stained sections were
observed under light microscope (Nikon Corporation).

2.5. Alizarin red S staining

BMSCs were fixed by 70% ethanol, stained with 2% Alizarin red
staining reagent (Sigma) at RT for 20 min. After washing, the signals
were visualized using a light microscope (Zeiss, Germany).

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

Total RNA was isolated from cartilage tissues and cultured
BMSCs through TRIzol Reagent (Invitrogen; cat#10296028). The
concentration of RNA was measured with a NanoDrop 2000 in-
strument (Thermo Scientific). Then, the first-strand cDNA was
synthesized by a TagMan Reverse Transcription Kit (Takara, Dalian,
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China). The quantitative real-time PCR (qRT-PCR) was performed
with SYBR®-Green PCR kit (Thermo Scientific) on an ABI 7500HT
real-time PCR system as follows: 95 °C for 5 min, 40 cycles of 30 s of
94 °C and 30's of 60 °C, 72 °C for 10 min. 2244 method was used to
analyze the data. Primer sequences were used as follows:

XIST R: 5'-CGATCTGTAAGTCCACCA-3’,

XIST F: 5-CAGACGTGTGCTCTTC-3'.

TAF15 R: 5'-GCCAAGTTAACTGCTTCGTGG-3/,

TAF15 F: 5'-AGGTGACTTCTTCAGCGAGC-3/,

FUT1 R: 5'-GGACACAGGATCGACAGG-3/,

FUT1 F: 5'-AAAGCGGACTGTGGATCT-3/,

YY1 R: 5-AAAGGGCTTCTCTCCAGT-3/,

YY1 F: 5'-TCTCAGATCCCAAACAACT-3/,

B-actin R: 5'-GTCCACCGCAAATGCTTCTA-3/,

B-actin F: 5'-TGCTGTCACCTTCACCGTTC-3'.

2.7. Western blot assay

Total protein was isolated from cartilage tissue or cultured
BMSCs using RIPA lysis buffer (Beyotime, Shanghai, China). The
concentration was detected with NanoDrop 2000c spectropho-
tometer. The samples (30 pg/lane) were electrophoresed with 10%
SDS-PAGE and transferred to PVDF membrane (Millipore). Mem-
brane was blocked by 5% non-fat milk for 2 h at RT and incubated
with respective primary antibodies against FUT1 (1:500; Abcam;
cat#ab121411), SOX9 (1;500; Santa Cruz; cat#20095), aggrecan
(ACAN) (1:200; Abcam; cat#ab3778) and COL2A1 (1:200; Abcam;
cat# ab188570) overnight at 4 °C. Finally, samples were incubated
with secondary HRP antibodies for 2 h at RT and were detected with
chemiluminescence kit (Thermo Fisher Scientific) and band in-
tensity was analyzed by Image] software v1.8.0.

2.8. RNA immunoprecipitation (RIP) assay

RIP assay was performed with a Magna RIP™ RNA-Binding
Protein Immunoprecipitation Kit (Millipore) and primary anti-
bodies against TAF15 (Abcam; cat#ab134916) or IgG (Abcam;
cat#ab205718). BMSCs were lysed in RIP buffer and incubated with
magnetic beads conjugated with anti TAF15 or IgG antibody over-
night at 4 °C following incubation with Proteinase K (Abcam,;
cat#ab281339) at 60 °C for 1 h. Finally, the immunoprecipitated
RNAs were isolated and measured through qRT-PCR.

2.9. Luciferase reporter assay

Wild type (WT) XIST, Site-1 mutant type (MUT) XIST, Site-2 MUT
XIST, and Site-3 MUT XIST were purchased from Hanbio Biotech-
nology Co., Ltd., and cloned into the luciferase reporter plasmid (psi
CHECK2; Promega Corporation). BMSCs were co-transfected with
WT XIST or MUT XIST combined with YY1 vector or NC vector using
Lipofectamine™3000 reagent (Thermo). After 48 h, the luciferase
activity was detected with the Dual Luciferase Assay System
(Promega Corporation).

2.10. Chromatin immunoprecipitation

Chromatin immunoprecipitation (ChIP) was performed using an
anti-YY1 antibody (Santa-Cruz; cat#sc-1703) as previously described
[30]. In brief, chromatin collected from BMSCs was cross-linked us-
ing 1.0% formaldehyde and fragmented to about 200—1000 bp
through sonication. Then 20 pg of chromatin was precleared with
protein G-agarose beads (Santa Cruz) for 2 h at 4 °C, followed by
immunoprecipitation with 3 pg of anti-YY1 antibody overnight at
4 °C. Precipitated samples were eluted and reverse cross-linked, and
the ChIP DNA was analyzed using q-PCR. Four PCR primers were
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used: 5'- AGGTAGCGTTTGCTTTCTCACCCA -3’ (forward) and 5'-
CAGCAATGCCAAGGGTAAACGGAA -3’ (reverse) (XIST promoter re-
gion); 5'- AGGGCTGCTCAGAAGTCTATCTCGGGGGCTC -3’ (forward)
and 5'-GAGCCCCCGAGATAGACTTCTGAGCAGCCCT -3’ (reverse) (XIST
promoter site1 region);

5'- CATTTAGGTCGTACAGGAACTCAAGTTCTTGGTGCGG -3’ (for-
ward) and 5'- CGCACCAAGAACTTGAGTTCCTGTACGACCTAAATG -3’
(reverse) (XIST promoter site2 region); 5'- A ATGCTCTTGAATGTGTC-
TAAGTCATGTGACCTGCCC -3’ (forward) and 5- GGGCAGGTCA-
CATGACTTAGACACATTCAAGAGCAT -3’ (reverse) (XIST promoter site3
region).

2.11. Osteoarthritis (OA) mice and intraarticular injection

All animal experimental protocols were approved by the Insti-
tutional Animal Use and Care Committee of Jiangxi Provincial Peo-
ple's Hospital Affiliated to Nanchang University. Ten-week-old male
C57BL/6 ] mice were purchased from Jackson Labs, housed and
maintained according to the IACUC guideline. Surgery to destabilize
the medial meniscus (DMM) was performed on the right knee to
induce OA as previously described [31]. For sham group, the right
knee was opened without intervention of the menisco-tibial liga-
ment. Ten days later, si-NC or si-XIST was injected into the knee joint
of OA mice using a 33G needle and a micro-syringe (Hamilton). Mice
were sacrificed 8-weeks post-surgery and the right Knee joints were
harvested. Articular cartilage was collected from the medial tibial
plateau under a dissecting microscope.

2.12. Safranin O-fast green and IHC

Mice were euthanized, and knee joints were dissected and
processed for Safranin O-fast green and immunohistochemical
staining as described [32]. Briefly, knee joints were fixed using 4%
PFA, decalcified in 0.2 M EDTA, paraffin embedded and 5 pum sec-
tions were cut followed by deparaffinized using xylene and hy-
drated through using a graded series of ethanol. For Safranin O-fast
green, sections were stained with 0.02% Fast Green for 5 min (fol-
lowed by 3 dips in 1% acetic acid) and then 0.1% Safranin-O for
10 min. For immunohistochemistry (IHC), after antigen unmasking,
sections were washed using PBS, treated by hydrogen peroxide and
blocked with 10% goat serum for 30 min at RT. After incubating with
primary antibodies against SOX9 (1;1000; Santa Cruz; cat#20095),
ACAN (1:2 = 1000; Abcam; cat#ab3778) and COL2A1 (1:200;
Abcam; cat# ab188570). After washing, sections were incubated
with horseradish peroxidase-conjugated secondary antibodies for
1 h at RT. Finally, sections were stained with DAB substrate kit
(Pierce, #34002). Images were captured using an Olympus VS120
Scanning microscope.

2.13. Statistical analyses

Prism software version 6.0 was used for the data analyses. All
data were expressed as mean + standard deviation (SD). Student's
t-test or one-way analysis of variance (ANOVA) analysis was carried
out to calculate the differences between groups, P < 0.05 was
considered statistically significant.

3. Results

3.1. The expression levels of XIST, TAF15 and FUT1 were upregulated
in OA tissues

The H&E/Alcian-Blue staining was performed and the cartilage
tissue of the knee joints of OA patients showed appearance of de-
fects, structural breakage and damage compared with the normal
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knee cartilage (Fig. 1A). Moreover, the levels of XIST, TAF15 and
FUT1 in cartilages of 22 OA and 22 normal subjects were measured
with qRT-PCR. The expression levels of XIST, TAF15 and FUT1 were
higher in OA group compared with normal group (Fig. 1B—D). As
shown in Fig. 1E, the protein level of FUT1 was increased in OA
group. Further Pearson correlation analysis demonstrated positive
correlation between XIST and TAF15, TAF15 and FUT1 (Fig. 1FG).
These data hinted that XIST, TAF15 and FUT1 might be involved in
the progression of OA.

3.2. XIST overexpression suppressed the chondrogenic
differentiation of BMSCs

First, the chondrogenic differentiation of BMSCs were identified
by alcian blue staining, Alizarin red S staining and western blot on
days 0, 7 and 14. The results indicated that the glycosaminoglycan
deposition (Fig. 2A) and mineralized nodule formation (Fig. 2B), as
well as the protein levels of Sox9, ACAN and Col2A1 (as chondro-
genic differentiation markers) (Fig. 2C) increased from day 7 in a
time-dependent manner, suggesting successful chondrogenic in-
duction. In addition, chondrogenic induction decreased XIST level
in BMSCs in a time-dependent manner (Fig. 2D). To study the ef-
fects of XIST on chondrogenic differentiation, BMSCs were trans-
fected with pc-XIST to overexpress XIST (Fig. 2E). The staining
intensity of Alcian blue and Alizarin red S were decreased in pc-
XIST group compared with pc-DNA3.1 group at 14 days
(Fig. 2F,G). Besides, the protein expression of Sox9, ACAN and
Col2A1 in BMSCs were all downregulated by XIST overexpression at
14 days (Fig. 2H). These results confirmed that XIST overexpression
inhibited the chondrogenic differentiation of BMSCs.
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3.3. XIST regulated FUT1 mRNA stability via TAF15 in BMSCs

The underlying mechanisms of the effects of XIST on BMSCs
chondrogenic differentiation was furtherly explored. Because dif-
ferential localization of IncRNAs may have various mechanisms of
function (Kopp and Mendell 2018), we measured the cellular sub-
localization of XIST in BMSCs through qRT-PCR and found that
the localization of XIST higher in cytoplasm than in nucleus (Fig.
3A). XIST-protein interactions were predicted by RPIseq (http://
pridb.gdcb.iastate.edu/RPISeq/). The result showed that XIST may
interact with TAF15 by RF (P = 0.7) and SVM (P = 0.76) (Fig. 3B).
Next, RIP assay was carried out to confirm the combination be-
tween XIST and TAF15. XIST was significantly higher in TAF15 group
compared with IgG group in BMSCs (Fig. 3C). Moreover, TAF15 was
predicted to combine with FUT1 by RF (P = 0.8) and SVM (P = 0.7)
(Fig. 3D). And the results of RIP assay showed that FUT1 was
significantly higher in TAF15 group compared with IgG group in
BMSCs (Fig. 3E). Moreover, the FUT1 mRNA levels and the half-life
of the FUT1 mRNA were significantly reduce in XIST knockdown or
TAF15 knockdown BMSCs (Fig. 3F). These results indicated that
XIST regulated FUT1 expression by increasing FUT1 mRNA stability
via bombinating with TAF15.

3.4. FUT1 silencing reversed the inhibitory effects of XIST
overexpression on the chondrogenic differentiation of BMSCs

The mRNA and protein level of FUT1 were downregulated in
BMSCs with a time-dependent manner during chondrogenic in-
duction (Fig. 4A,B). To verify whether XIST regulated BMSCs
chondrogenic differentiation through FUT1, pc-XIST, si-FUT1, pc-
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XIST+si-FUT1 were transfected into BMSCs. Alcian blue staining
indicated that knockdown of FUT1 increased the staining intensity,
and the inhibitory effect of pc-XIST on glycosaminoglycan deposi-
tion was rescued by si-FUT1 (Fig. 4C). Moreover, transfection with
si-FUT1 upregulated the mineralized nodule formation and abolish
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the pc-XIST-induced descending of calcium nodules in BMSCs
chondrogenic differentiation (Fig. 4D). In addition, western blot
showed that the expression of Sox9, ACAN and Col2A1 were up-
regulated in si-FUT1 transfected BMSCs, and XIST overexpression
induced downregulation of Sox9, ACAN and Col2A1 was reversed
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BMSCs was determined by qRT-PCR and western blot after 0, 7 and 14 days of chondrogenic culture. BMSCs were transfected with pc-XIST or si-FUT1 alone or co-transfected with
pc-XIST and si-FUT1 for 24 h, and undergo chondrogenic induction for 14 days. The acidic mucopolysaccharide (C), mineralized nodule formation (D) and protein levels of Sox9,
ACAN and COL2A1 (E) in BMSCs were measured by Alcian blue staining, Alizarin red S staining or western blot, respectively.
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by si-FUT1 (Fig. 4E). Taken together, XIST negatively regulated
chondrogenic differentiation of BMSCs through regulating FUT1.

3.5. YY1 induced XIST upregulation in BMSCs

To study how XIST was downregulated in BMSCs during
chondrogenic differentiation, the upstream of XIST was explored.
We found YY1 expression was decreased in BMSCs after chon-
drogenic induction (Fig. 5A). Then YY1 was knockdown or over-
expressed in BMSCs. The qRT-PCR results showed that the
expression of XIST and YY1 were reduced by YY1 silencing and
were upregulated by YY1 overexpression (Fig. 5B). Next, chIP
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assay verified that YY1 could target to the XIST promoter
(Fig. 5C,D). The luciferase activity of XIST was increased by YY1
overexpression (Fig. 5E). The binding motif of YY1 and YY1
binding sites on XIST promoter were predicted by JASPAR data-
base (http://jaspar.genereg.net/) and shown in Fig. 5F. Subse-
quently, the luciferase activity in XIST promoter-WT, Site1-Mut
and Site3-Mut group were reduced by si-YY1 and evaluated by
YY1 overexpression but were not changed in pGL3-basic and
Site2-Mut groups (Fig. 5G). Also, ChIP assay also confirmed that
only Site2 region was responsive to YY1-mediated transcription of
XIST (Fig. 5H). Taken together, YY1 induced XIST transcription and
increased its expression.

si-XIST

D = Nomamm siNc
CJ OA B siXIST

Relative expression
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ACAN  COL2A1 XIST TAF15
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Fig. 6. Silence of XIST alleviated the symptoms of cartilage injury in OA mice. Mice were randomly divided into four groups: Sham, OA, OA+si-NC and OA-+si-XIST groups. (A)
Representative images of cartilage sections after Safranin O-fast and HE staining. (B) Sox9, ACAN and COL2A1 expression in cartilage were assessed by IHC. (C) The protein levels of
Sox9, ACAN and COL2AT1 in cartilage were measured by western blot. (D) qRT-PCR analysis of XIST, TAF15 and FUT1 RNA levels in cartilage.
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3.6. XIST silencing suppressed the cartilage damage in the mice
model of osteoarthritis

To investigate XIST function in OA in vivo, si-XIST or si-NC were
injected into mice with ACLT-induced osteoarthritis through knee
joint cavity. Safranin-O staining and HE staining of knee joints
showed severe articular cartilage lesions and proteoglycan loss in
OA group than sham group, and the damage induced by ACLT were
decreased by XIST silencing (Fig. 6A). The results of immunohisto-
chemistry staining and western blot demonstrated that the levels
of Sox9, ACAN and COL2A1 were lower in the knee joints in OA
group, while this downregulation was restored by XIST knockdown
(Fig. 6B,C). Moreover, the increased expression of XIST, TAF15 and
FUT1 in knee joints induced by osteoarthritis was inhibited after
XIST silencing (Fig. 6D). These data confirmed that knockdown of
XIST suppressed the development of osteoarthritis in mice.

4. Discussion

OA is considered as chronic joint disorders, and usually result in
gradual cartilage degeneration and disability in the world [33,34].
Risk factors, such as aging, obesity, genetic architecture, injury and
inflammation, may contribute to the incidence of OA [35]. The
pathophysiology of OA was very complicated and limited knowl-
edge, which makes the limited symptomatic and disease-
modifying treatments [36]. Cell-based strategies using chon-
drocytes or multipotent stem cells include BMSCs may be the
effective therapies for OA to improve functional repair cartilage
tissue [37]. Clarifying the underlying molecular mechanisms that
regulate BMSCs chondrogenic differentiation is important for its
application in cartilage regeneration. In this study, we demon-
strated that overexpression of XIST inhibited BMSCs chondrogenic
differentiation through TAF15/FUT1 axis, and silencing of XIST
alleviated the cartilage injury in OA mice model, which will provide
a reliable and effective target for OA.

As important post-transcriptional regulators, IncRNAs play vital
crucial roles in many biological processes [38]. Many studies
demonstrated the many IncRNAs could regulate the chondro-
genesis and cartilage homeostasis, and play essential roles in the
progression of OA [24,39]. For example, IncRNA-GAS5 ameliorated
the articular cartilage injury in arthritis mice through down-
regulating miR-103 level [40]. Recently, several researches had re-
ported that XIST was associated with OA. For example, XIST
promoted the degradation of extracellular matrix and collagen in
OA [29]. Our study found that XIST was upregulated in cartilage
tissues of OA patient. Furthermore, XIST silencing upregulated the
expression of chondrogenic differentiation markers, thereby
partially attenuated cartilage destruction of OA mice.

To develop BMSCs-based cartilage reconstruction therapy for OA
treatment, it is necessary to identify factors regulating chondro-
genic differentiation of BMSCs. Accumulating evidences demon-
strated that IncRNAs were implicated in chondrogenic
differentiation [41]. For example, IncRNA ADAMTS9-AS2 promoted
the human MSCs chondrogenic differentiation by sponging miR-
942-5p [42]. Previous study showed that XIST inhibited BMSCs
osteogenic differentiation through miR-19a-3p/Hoxa5 pathway
[43]. XIST expression was downregulated over chondrogenic dif-
ferentiation of BMSCs. Moreover, overexpression of XIST repressed
BMSCs chondrogenic differentiation. LncRNAs exert their functions
by regulating the expression of target mRNAs. Through RPISeq
software and RIP assay, we discovered that XIST combined with
TAF15, thereby regulated the stability of FUT1T mRNA in BMSCs.
FUT1 is important in chondrocyte growth and apoptosis, and is
associated with OA [44]. For example, Li et al. reported that FUT1
knockdown increased cell apoptosis and ECM degradation in
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chondrocytes [45]. Consistent with previous report, we found that
FUT1 was upregulated in OA cartilage tissue. More importantly,
knockdown of FUT1 attenuated the inhibitory effects of XIST
overexpression on BMSCs chondrogenic differentiation. These
findings revealed that XIST has a vital role in BMSCs chondrogenic
differentiation through binding with TAF15 to stabilizing FUT1
expression.

Many studies have reported the importance of YY1 in neuronal
development and differentiation [46,21]. It was reported that YY1
promoted p38-mediated osteogenic differentiation of MSCs by
upregulating p38 expression [21]. Moreover, YY1 regulated the
expression of chondromodulin-I, which is pivotal for regulation of
chondrocyte differentiation and cartilage homeostasis, suggesting
that YY1 is also important for chondrogenesis. Previous reports
showed that YY1 could bind directly the promoter to upregulate of
XIST expression [47,48]. Here we identify that YY1 could bind XIST
regulatory region and control XIST expression in BMSCs. Moreover,
YY1 was downregulated in BMSCs during chondrogenic differen-
tiation. Overall, YY1 may regulate chondrogenic differentiation of
BMSCs by binding XIST.

5. Conclusions

In the present study, we highlighted that YY1 induced XIST
inhibited the chondrogenic differentiation of BMSCs by binding
with TAF15 to stabilizing FUT1 expression. Importantly, it was
shown that knockdown of XIST alleviated the cartilage injury in OA
mice. Thus, XIST would be an effective target for BMSC-based OA
cartilage regeneration.
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