SABP

BIOCHIMICA
POLONICA

Vol. 70, No 1/2023
51-57
https://doi.org/10.18388/abp.2020_6035

Regular paper

Circ-Sirt1 promotes osteoblast differentiation by activating Sirt1
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Osteoporosis, a bone disease common in the elderly, re-
sults in bone loss and damage to bone microstructure.
Sirtuin 1 (Sirt1), belongs to Sirtuin family, is involved
in regulating bone quality. Circ-Sirt1 is one of the tran-
scripts of Sirt1 host gene. Here, the involvement of circ-
Sirt1 was determined in bone disease for the first time,
proposing that circ-Sirt1 can activate the Wnt/B-catenin
pathway to promote osteogenesis differentiation. This
study was aimed to elucidate the potential function of
Circ-Sirt1 and Sirt1 regulatory loop in the differentiation
of bone marrow mesenchymal stem cells (BMSCs). The
differentiation of bone marrow mesenchymal stem cells
was detected by ALP, alizarin red staining and qPCR. The
dual luciferase reporter assay was applied to reveal the
interaction between RNAs. The result showed that Sirt1
promoted osteogenic differentiation of BMSCs. Circ-
Sirt1, derived from Sirt1, acted as miR-132 and miR-212
sponge, and up-regulated the expression of Sirt1. Fur-
thermore, Sirt1-mediated circ-Sirt1 promoted osteogenic
differentiation. Finally, we unveiled that Circ-Sirt1 facili-
tates osteogenic differentiation by activating the Wnt/(-
catenin pathway. In conclusion, our data suggested that
Circ-Sirt1 elevates osteogenic differentiation via miR-
132/212/Sirt1 and Wnt/B-catenin pathway.
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INTRODUCTION

Osteoporosis is a systemic bone disease which has
serious complications in elderly people especially elderly
females. It is caused by functional disproportion between
osteoblasts and osteoclasts (Liu ef al, 2020; Zhang et al.,
2020). Osteoblasts, responsible for bone formation, are
not terminally differentiated. However, these osteoblasts
can eventually differentiate into osteocytes through phys-
iological activities such as proliferation, secretion of pro-
tein, and calcification (Chen e# af., 2019; Chu ez al., 2020).
Inhibition of the growth and physiological activities of
osteoblasts can cause numerous bone diseases, includ-
ing osteoporosis, osteoarthritis, theumatoid arthritis and
osteogenesis imperfecta (Dadras ef al, 2020; Edwards ef
al., 2013). Therefore, clarifying the regulatory mechanism
of osteoblast differentiation and proliferation may pos-

sibly provide novel and effective treatment strategies for
OSteoporosis.

Sirtl is a nicotinamide adenine dinucleotide (NAD+)
dependent class 3 histone deacetylases which has been
demonstrated as regulating lifespan in several model or-
ganisms (Koga e al.,, 2015). Sirtl plays an important role
in the physiological activities of bone tissue. It has been
revealed that Sirt]l regulates SOX2 to maintain the self-
renewal and pluripotency of BMSCs (Yoon ez al., 2014).
Whereas, another study reported that Sirtl knockout
mice shows a low bone mass phenotype, but the specific
signaling pathway has not been elucidated (Feng e# al,
2016). Wnt is a type of secreted protein that is rich in
cysteine. It is well known that Wnt/B-catenin signaling
pathway affects the differentiation balance of BMSCs in
bone tissue. Meanwhile, it is also established that Sirtl
is involved in TNF-a-stimulated osteogenic differentia-
tion of human Dental pulp stem cells (DPSCs) through
Wnt/B-catenin signal (Zainabadi ¢ a/, 2017). As cote
target of cellular aging, energy metabolism and bone me-
tabolism, Sirtl is known to play significant role in the
pathogenesis of osteoporosis. In this study, we sought to
investigate the function and mechanism of Sirtl in regu-
lating BMSCs differentiation.

Recently, the role of non-coding RNA in osteoporosis
has been gradually discovered. Circular RNA (CircRNA)
is a new type of non-coding RNA that has regulatory
abnormalities in a variety of cancers, frequently involv-
ing different carcinogenic processes (Lou et al., 2020).
CircRNA is a covalent closed loop structure formed by
back-splicing of pre-mRNA without 5' and 3' ends (Salz-
man et al., 2013).

With comparison of linear exosomes, the high stability
of them is manifested 7z vivo with main existing in the
cytoplasm and classification of exosomes (Li e# al., 2018)
Previous studies have affirmed the typical modulation of
homologous mRNAs via cirtcRNAs as nuclear transcrip-
tional regulators, platforms for RNA-binding proteins, or
cytoplasmic microRNA sponges (Li ¢ al, 2015). Using
the CircBase database, it was found that Sirt] host gene
may produce 11 circRNAs. However, the function and
mechanism of circRNA derived from the Sirtl host gene
is still unclear in the bone related diseases, and the role
of Circ-Sirtl in the regulation of Wnt/B-catenin signaling
pathway has not been fully explored.

In this study, it was found that Circ-Sirtl derived
from the Sirt]l gene promotes the expression of Sirtl by
competing with miR-132/212, and activates the Wnt/§-
catenin signaling pathway to accelerate the differentia-
tion of bone marrow mesenchymal stem cells. Therefore,
Circ-Sirt]l may serve as a new biomarker and therapeutic
target in bone related diseases.
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MATERIAL AND METHODS

Cell culture and treatment

BMSCs (Riken Cell Bank, cell line RCB2154, Tsuku-
ba, Japan) were cultured in «o-MEM medium supple-
mented with 10% fetal bovine serum (FBS, Gibco, USA)
and 100 U/ml penicillin, and 100 mg/ml streptomycin
sulfate, under 5% CO, and 37°C. Ascotbic acid (50 mg/
ml), dexamethasone (0.1 mg/ml) and sodium glyc-
erophosphate (10 mM) (Sigma-Aldrich, St. Louis, MI)
were applied in the culture medium to stimulate the dif-
ferentiation of osteoblasts.

RNA extraction and qPCR detection

Total RNA was extracted from BMSCs using TRNzol
reagent (TTANGEN Biotech, Beijing, China) according
to the manufacturer’s instructions. Reverse transcription
kit (TIANGEN Biotech, Beijing, China) was applied
to generate cDNA from total RNA. RNA concentra-
tion was determined by NanoDrop spectrophotometer
(TTANGEN Biotech, Beijing, China). Real-time qPCR
was conducted by using FastFire qPCR PreMix (TTAN-
GEN Biotech, Beijing, China). Primer sequences used in
this study were listed in Table 1.

ALP activity and ALP staining

To detect the osteogenic differentiation, BMSCs were
cultured in osteogenic differentiation induction medium
for 21 days. ALP activity was determined using an Alka-
line Phosphatase Assay Kit (Beyotime, Beijing, China) by
following the manufacturer’s instructions.

Alizarin red staining

First, the osteogenic differentiation was induced in
BMSCs for 21 days, which were then fixed the cells
with 4% paraformaldehyde, and stained with 1% Alizarin
Red S (Beyotime, Beijing, China) for 30 minutes. After

Table 1. The sequences of Primer were provided.

Primer sequence

) Forward  5-TAGCCTTGTCAGATAAGGAAGGA-3’
it Reverse  5-ACAGCTTCACAGTCAACTTTGT-3'
R Forward  5-TGGTTACTGTCATGGCGGGTA-3’

U Reverse  5-TCTCAGATCGTTGAACCTTGCTA-3
ocn Forward  5-CACTCCTCGCCCTATTGGCS

Reverse  5-CCCTCCTGCTTGGACACAAAG-3'
Forward  5-CTCCATTGACTCGAACGACTC-3'
OPN Reverse 5-CAGGTCTGCGAAACTTCTTAGAT-3'
o Forward g /:\IECCAC%'IECAGCTGGGTAACAGTCTA- 7777777
Reverse 5-TGGTGTCGTGGAGTCG-3’
— Forward g /:\/éﬁ_ég}l:CCAGCTGGGTAACAGTCTC- 7777777
Reverse 5-TGGTGTCGTGGAGTCG-3’
Forward  5-CTCGCTTCGGCAGCACA3
ve Reverse  5-AACGCTTCACGAATTTGCGT-3'
Forward 5-TATGACACTGTGGCAGATTG-3'
Circ-Sirt1 7
Reverse  5-TTTCATCACCGAACAGAAGG-3'

washing with PBS for 3 times, the cells were visualized,
and images were captured under an inverted microscope
(Olympus Corporation, Japan). The alizarin red staining
was quantified using Image ]J.

Luciferase reporter assay

The 3’UTR of circ-Sirtl or Sirt] containing miR-132 or
miR-212 binding sites was amplified by PCR, cloned into
the pgl3 promoter vector of Xba I (circ-Sirt] WT or Sirtl
WT), The mutant sequence was cloned into pgl3 pro-
moter vector to construct circ-Sirtl MUT or Sirtl MUT.
Twenty-four hours before transfection, cells were trypsi-
nized (2X10% cells/mL) and then plated on 24-well plates.
The above plasmids together with Renilla (pRLTK) plas-
mid, miR-132 mimics, miR-212 mimics, negative control
(NC) mimics plasmids were transfected into cells using
Lipofectamine 2000 (Invitrogen). After 6 h, the medium
was replaced with serum-containing medium, and 48 h
after transfection, cells were collected to detect dual-lucif-
erase activity using dual-luciferase assay system (Promega,
USA). The relative luciferase activity was calculated from
the ratio of firefly to Renilla luciferase signals.

RNA pull down assay

The MagCapture™ RNA Pull Down Kit (what-
man, England) was applied for RNA pull-down assay.
In brief, BMSCs were washed with precooled PBS, and
then incubated with beads and biotinylated miR-132/212
probes for 1 hour. Western blot analysis was used to de-
tect proteins.

Western Blot

Total protein was extracted from BMSCs using RIPA
buffer containing 1mM Phenylmethylsulfonyl fluoride
(PMSF). BCA kit (Beyotime, Beijing, China) was applied
to determine protein concentration. The protein was
separated using SDS-PAGE (10% or 12%), and then
transferred to PVDF membrane (Millipore, Danvers,
MA, USA), and then incubated with primary antibod-
ies Sirtl (1:1000; ab110304; Abcam), B-catenin (1:1000;
ab32572; Abcam), Lamib B1 (1:1000; ab16048; Abcam),
B-Tubulin (1:1000; ab6046; Abcam) at 4°C overnight.
Later, membranes were washed, and incubated with re-
spective secondary antibodies HRP (anti-rabbit IgG,
1:5000, Cell Signaling Technology, Inc., MA, USA). Fi-
nally, the membranes were exposed using ECL system
(Beyotime, Beijing, China), and protein bands were ana-
lyzed using Quantity One software.

Statistical analyses

Data were analyzed with Graphpad Prism 8 software
and expressed as mean = S.D. One-way ANOVA fol-
lowed up with a post hoc test was performed for multi-
ple group comparisons. T test was used for comparison
between the two groups. P<0.05 was considered as sta-
tistically significant.

RESULT

Sirt1 promotes BMSCs differentiation

Firstly, it was observed that the mRNA expression of
Sirtl was gradually increased during the differentiation of
BMSCs (Fig. 1A), indicating that Sirtl might play vital role
in the differentiation of BMSCs. To evaluate the function
of Sirtl in BMSCs, pcDNA3.1-Sirtl was used to over-ex-
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Figure 1. Sirt1 promotes BMSCs differentiation.

(A) The relative expression of Sirt1 in the differentiation of BMSCs was detected by qRT-PCR on the 3rd, 6th and 12th day. (B) The gRT-
PCR was used to detect the overexpression efficiency 24 hours after Sirt1 transfection. (C) After overexpression of Sirt1 for 24 hours,
the relative activities of alkaline phosphatase in BMSCs were measured with the ALP kit. (D) Sirt1 was overexpressed in BMSCs for 24
hours and stained with ALP. (E) After overexpression of Sirt1 in BMSCs, qRT-PCR was used to detect the mRNA levels of Runx2, OCN and
OPN. (F) Sirt1 overexpressed in BMSCs for 24 hours was stained with alizarin red. All results are expressed as mean + S.D., n=3. *P<0.05,

**P<0.01

press Sirtl (Fig. 1B). Interestingly, over-expression of Sirtl
apparently increased ALP activity and ALP staining inten-
sity in BMSCs as shown in Fig.1C-D. Moreover, osteogenic
markers Runx2, OCN and OPN were obviously elevated
via upregulation of Sirtl (Fig. 1E). Alizarin red staining
showed that BMSCs overexpressing Sirtl was more likely
to develop calcified nodules (Fig. 1F). These data indicated
that Sirtl facilitated osteoblastic differentiation in BMSCs.
To study the effect of Sirtl on Wnt/B-catenin signaling
pathway, Western Blot experiment found that B-catenin in
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cytoplasm and nucleus was also detected after knockdown
of Sirtl, affirming that 3-catenin in cytoplasm was elevated,
while in nucleus was reduced. To further confirm that Sirtl
promoted the nuclear translocation of -catenin, immuno-
fluorescence experiments was conducted, finding that the
immunocytochemical strength of B-catenin in the nucleus
of si-Sirtl group was declined. In short, Sirt]l activates the
Wnt/Bcatenin pathway to facilitate the nuclear translocation
of B-catenin during the osteogenic differentiation of BM-
SCs (Attached Fig. 1B, C), suggesting that Sirtl accelerates
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Figure 2. Sirt1 is the direct target of miR-132/212.

(A, B) Relative level of miR-132/212 during BMSCs differentiation on the 0, 3rd, 6th and 12th day was detected through qRT-PCR. (C)
miR-132/212 was overexpressed in BMSCs for 24 hours, and the overexpression efficiency was detected by qRT-PCR. (D, E) Effects of Sirt1
luciferase activity were detected by transfection of miR-132/212 mimic in BMSCs for 24 hours. (F) RNA pull down detected Sirt1 level by
incubating with bio-miR-132/212 (WT or Mut) for 24 hours. (G) The effect of overexpression of miR-132/212 for 24 hours on Sirt1 expres-
sion in BMSCs was detected by gRT-PCR. All results are expressed as mean = S.D., n=3. *P<0.05, **P<0.01
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(A) Relative expression of circ-Sirt1 in BMSC differentiation on the 0, 3rd, 6th and 12th day was detected through qRT-PCR. (B, C) The lu-
ciferase activities of WT and Mut circ-Sirt1 were detected 24 hours after overexpression of miR-132/212. (D) RNA pull down detected circ-
Sirt1 level by incubating with bio-miR-132/212 (WT or Mut) for 24 hours. All results are expressed as mean + S.D., n=3. *P<0.05, **P<0.01

osteogenic differentiation of BMSCs through the Wnt/j
catenin pathway.

MiR-132/212 binds to Sirt1 in BMSCs

Next, the binding of upstream miRNAs to Sirtl was
explored. The relative expression of miR-132/212 was
decreased during osteogenic differentiation of BMSCs
in a time-dependent manner (Fig. 2A-B). Then, miR-
132/212 mimics was used to increase the expression of
miR-132/212 in BMSCs (Fig. 2C). In otder to further in-
vestigate the interaction of miR-132/212 and Sirtl, miR-
132/212 mimics or mimics-NC was co-transfected with
wt-Luc-Sirtl or mut-Luc-Sirt]l in BMSCs. Our results
showed that overexpression of miR-132/212 can cleatly
inhibit the luciferase activity of Sirt-WT, while overex-
pression of miR-132/212 had no effect on the relative
luciferase activity of Sirt1-MUT in BMSCs (Fig. 2D-E).
In addition, RNA pull down assay showed that bioti-
nylated miR-132/212-WT cleatly pull down the Sirtl
mRNA, while miR-132/212-MUT did not (Fig. 2F). Fi-
nally, it was tevealed that miR-123/212 up-regulation ap-
parently reduced the expression of Sirtl (Fig. 2G). Thus,
it was concluded that miR-132/212 reduced the expres-
sion of Sirtl by directly targeting the Sirtl 3’UTR.

MiR-132/212 is sponged by circ-Sirt1 in BMSCs

It was previously reported that miR-132 and miR-212
are sponged by circ-Sirtl in vascular smooth muscle cells
(VSMCs) (Kong ef al, 2019). The detection for circR-
NAs candidates from Sirt] host genes in the human ge-
nome was conducted. Meanwhile, the identification of
three circRNAs (hsa_circ_0093883, hsa_circ_0093887,
hsa_circ_0093890) from Sirtl host genes was exposed
in human BMSCs (attached Fig. 1A). The up-regulation
of Sirtl via circ-Sirtl was assured in BMSCs by spong-
ing miR-132/212. As shown in Fig. 3A, it was found the
elevation of circ-Sirtl during osteogenic differentiation
of BMSCs in a time-dependent manner. It was further
determined that the ectopic expression of miR-132/212
reduced the relative luciferase activity of circ-Sirt1-W'T,

while Sirt]l overexpression further enhanced it. Where-
as, similar experimental conditions had not affected the
relative luciferase activity of MUT-circ-Sirtl (Fig. 3B-C).
RNA pull down assay manifested that circ-Sirt]l was
cleatly pulled down wa biotinylated miR-132/212-WT,
while not affected 2z miR-132/212-MUT (Fig. 3D).
Taken together, these results indicated that miR-132/212
was sponged by circ-Sirt]l in BMSCs.

Sirt1 plays an essential role in circ-Sirt1-promoted
osteoblastic differentiation

To further examine the effect of Sirtl in circ-Sirtl
dependent BMSCs differentiation, sh-Sirtl was applied
to transfect BMSCs. Our results showed that silencing
of Sirtl reduced the stimulatory effects of up-regulatory
circ-Sirt] on ALP activity and staining intensity as shown
in Fig. 4A-B. Moreover, silencing of Sirtl also restored
the expression of Runx2, OCN and OPN upregulation
as induced by circ-Sirt] upregulation (Fig. 4C—E). These
data suggested that Sirtl played an essential role in the
BMSC differentiation as regulated by circ-Sirtl.

Circ-Sirt1 promotes BMSCs differentiation by activating
Wnt/B-catenin pathway

Finally, it was investigated whether the Wnt/B-catenin
pathway mediated circ-Sirtl dependent BMSCs differen-
tiation, finding that B-catenin was apparently declined via
silencing of circ-Sirtl in the nucleus, while an opposite
trend manifested in the cytoplasm (Fig. 5A). The detec-
ton results of TOP/FOP Flash showed that silencing
of circ-Sirtl obviously reduced the TOP luciferase activ-
ity in BMSCs (Fig. 5B), indicating that silencing circ-Sirtl
inhibited Wnt/B-catenin pathway. Finally, it was found
that WIF-1 (Wnt/B-catenin pathway inhibitor) treatment
obviously reduced the stimulatory effects of circ-Sirt]l up-
regulation on osteogenic differentiation of BMSCs in Fig.
5C-H. In summary, these results indicated that circ-Sirtl
up-regulates Sirtl through miR-132/212, and activates
Wnt/B-catenin pathway to promote BMSCs differentia-
ton.
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Figure 4. Sirt1 is essential in Circ-Sirt1-induced BMSC differentiation.
(A, B) The ALP activity and ALP staining of BMSCs were detected 24 hours after transfection of circ-Sirt1 and sh-Sirt1. (C-E) The mRNA
levels of osteogenic differentiation marker were detected 24 hours after transfection of circ-Sirt1 and sh-Sirt1. All results are expressed as
mean + S.D., n=3. *P<0.05, **P<0.01.

DISSCUSSION

In this study, it was uncovered that Circ-Sirtl pro-
moted osteoblast differentiation by activating Sirtl and
Wnt/B-catenin pathway (Fig. 6). It has been determined
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that Sirt] is widely involved in the physiological activities
of bone tissue, and the biological functions of bone cells
(Qu ¢t al., 2020). Inhibition of Sirtl accelerates the acety-
lation and ubiquitination of SOX2, and represses the os-
teogenic differentiation of BMSCs. In current study, the
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Figure 6. Schematic diagram of circ-Sirt1 activating Wnt/f
catenin signaling pathway through direct and indirect mecha-
nisms

role and molecular mechanism of Sirtl was explored in
BMSCs differentiation, affirming that Sirtl was elevated
with BMSCs differentiation. Moreover, miR-132 and
miR-212 restrain the Sirtl dependent BMSCs differentia-
tion.

Increasing evidence showed that host genes can be
regulated by circRNA which are formed by non-classi-
cal splicing. For example, citcGFRA1 regulates GFRA1
in breast cancer by sponging miR-34a (Bai e 4/, 2018).
Similatly, CircFBLIM1 promotes HCC progression by
sponging miR-346 (He ez al, 2017). It has been stud-
ied that Circ-Sirtl enhances Sirtl expression through
sequence-specific interaction with miR-132/212 binding
in Vascular smooth muscle cells. Therefore, the study
was aimed to investigate if Circ-Sirtl, spliced from Sirtl,
could sponge miR-132/212 to up-regulate Sirtl in BM-
SCs. Sirtl and miR-132/212 have been closely associated
with human aging and Alzheimer’s disease (Hernandez
et al., 2016).However, the function of miR-132/212 in
osteoporosis remains ambiguous. In this study, it was
confirmed that circ-Sirt] can sponge miR-132/212 as the
ceRNA of Sirtl. Circ-Sirt] promoted BMSCs differentia-
tion, and the silencing of Sirtl inhibited the stimulatory
effects of circ-Sirtl on the differentiation of BMSCs.

Previous studies reported that Sirtl could trigger the
Wnt/B-catenin pathway (Hwang ¢f al, 2015). B-catenin,
the core molecule of Wnt/B-catenin pathway, is widely
implicated with osteoblast differentiation and prolif-
eration (Feng es al, 2020). demonstrated that microR-
NA-378 inhibits osteogenesis and bone formation dam-
age of BMSC by inactivating the Wnt/B-catenin signaling
pathway (Wang e/ al., 2021). Whereas, miR-130a-3p regu-
lates Wnt/B-catenin pathway to induce osteogenic diffet-
entiation among adipose stem cells (Yang e al, 2020).
Additionally, a study has manifested the participation of
Sirtl in osteoblast differentiation through Wnt/B-catenin
signaling in endodontic stem cells. . The first detection
of B-catenin in cytoplasm and nucleus in this study was
conducted after Sirtl knockdown, affirming up-regula-
tion of B-catenin in cytoplasm and decline in nucleus.
Furthermore, the promotion of the nuclear translocation
of B-catenin via Sirt]l was determined. Moreover, eleva-
tion of B-catenin in the cytoplasm and reduction in the
nucleus via down-regulation of circ-Sirtl were founded.
Briefly, our experimental results demonstrated that circ-
Sirtl elevates BMSCs differentiation by activating Wnt/
B-catenin signaling pathway.

In summary, our study demonstrated that circ-Sirtl
up-regulates Sirtl as a sponge for miR-132/212, and ac-
tivates the Wnt/B-catenin pathway to promote osteoblas-
tic differentiation of BMSCs, suggesting that circ-Sirtl
may be associated with bone formation. Circ-Sirtl acti-
vates the Wnt/Bcatenin signaling pathway through direct
and indirect mechanisms, respectively. However, the di-
rect and indirect effects of circ-Sirt] are performed on
Wnt/B catenin signaling pathway, and of them which is

the main way remains to be further studied. The possi-
ble application of circ-Sirtl in clinic needs further study.
Clinical samples and in vivo experiments will be further
explored with the permission of experimental conditions
later.Overall, these findings provide novel directions and
insights into potential osteoporosis therapeutics.
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