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1 | INTRODUCTION

Adiponectin (APN) is a major adipokine secreted by adipocytes,
and it signals via activating adiponectin receptors 1 and 2 (AR1 and
AR2). AR1 and AR2 were majorly expressed in skeletal muscle and

Abstract

Objectives: Adiponectin signalling has been considered to be a promising target to
treat diabetes-related osteoporosis. However, contradictory results regarding bone
formation were observed due to the various isoforms of adiponectin. Therefore, it
would be necessary to investigate the effect of adiponectin receptor signals in regu-
lating bone-fat balance.

Materials and Methods: We primarily applied a newly found specific activator for
adiponectin receptor, AdipoRon, to treat bone metabolism-related cells to investigate
the role of Adiponectin receptor signals on bone-fat balance. We then established
femur defect mouse model and treated them with AdipoRon to see whether adi-
ponectin receptor activation could promote bone regeneration.

Results: We found that AdipoRon could slightly inhibit the proliferation of pre-
osteoblast and pre-osteoclast, but AdipoRon showed no effect on the viability of
mesenchymal stromal cells. AdipoRon could remarkably promote cell migration of
mesenchymal stromal cells. Additionally, AdipoRon promoted osteogenesis in both
pre-osteoblasts and mesenchymal cells. Besides, AdipoRon significantly inhibited
osteoclastogenesis via its direct impact on pre-osteoclast and its indirect inhibition
of RANKL in osteoblast. Moreover, mesenchymal stromal stems cells showed obvi-
ously decreased adipogenesis when treated with AdipoRon. Consistently, AdipoRon-
treated mice showed faster bone regeneration and repressed adipogenesis.
Conclusions: Our study demonstrated a pro-osteogenic, anti-adipogenic and anti-
osteoclastogenic effect of adiponectin receptor activation in young mice, which
suggested adiponectin receptor signalling was involved in bone regeneration and

bone-fat balance regulation.

liver, respectively.! Besides, AR1 and AR2 were also reported to be
expressed early in mesenchymal stem cells (MSC) lineage and in pre-
cursors including pre-osteoblast, pre-osteoclasts and chondrocytes,
suggesting that ARs signalling may be also involved in bone and car-
tilage metabolism.?
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Although ARs signals are considered to be a promising target to pre-

vent or treat osteoporosis and several studies investigated the role of
APN on bone regeneration and bone-fat balance, contradictory results
were reported. Most of the in vitro studies showed that the activa-
tion of ARs by APN could promote the osteogenesis of both osteo-
blast and osteoblast progenitors3'6; meanwhile, APN was reported to
inhibit osteoclastogenesis directly via AR1 on osteoclast precursors’ or
indirectly via downregulating RANKL secreted from osteoblasts.® APN
also showed therapeutic efficacy in oestrogen deficiency-induced os-
teoporosis and diabetes-induced implant destabilization.”*® However,
few studies showed the opposite results that APN may stimulate cellu-
lar plasticity of osteoblasts towards adipocytes“; APN may also induce
RANKL and repress the expression of OPG in osteoblasts via activating
AR1-p38 pathway.'? Several pre-clinical and clinical studies indicated
higher serum adiponectin levels were negatively correlated with bone

13,14

mineral density, adiponectin transgenic mice showed lower femur

bone mineral content.*®

Reasons for the discrepancy remain unclear;
several hypotheses were reported including the complex endocrine
feedback regulation of APN and indirect effects of APN via mediating
sympathetic tone, insulin sensitivity and energy homeostasis.
Therefore, the application of a specific activator of ARs would be
more promising to study the effect of ARs signalling in bone regen-
eration and bone-fat balance in a cell-autonomous manner. AdipoRon
(APR) is a newly identified adiponectin receptor agonist which could
specifically bind and activate AR1 and AR2 and exert similar antidia-
betic effects of APN through AMPK and PPAR-« pathway.'® APR was
found to improve glucose intolerance as well as insulin resistance in

high-fat diet mice model.*¢

Few studies also suggested that APR could
increase the survival, migration of bone marrow mesenchymal stem
cells (BMSCs)," promote diabetic fracture repair and alveolar bone
regeneration.ls'19 However, it is still lacking sufficient investigations
regarding the effect of APR on the regulation of bone-fat balance.

In this study, we conducted series of experiments to investigate
the effect of APR on bone-fat balance including osteoblast-osteoclast
and osteoblast-adipocyte differentiation balance to clarify the poten-
tial role of ARs activation during bone regeneration, and subsequently
try to provide more clues and have a comprehensive understanding
for the biological effect of adiponectin and ARs signalling.

2 | MATERIALS AND METHODS
2.1 | Reagents
AdipoRon was purchased from Selleck Chemicals, China. MC3T3-E1

and RAW264.7 cell lines were provided by State Key Laboratory of
Oral Disease, West China Hospital of Stomatology, Sichuan University.

2.2 | Cell culture and AR1, AR2 detection

4-week-old Sprague Dawley (SD) Rat was used for the isolation of

BMSCs, tibiae and femurs were collected and cut in the ends, then

spun by centrifuge, complete a-MEM (low glucose a-MEM that con-
sisted of 1% Penicillin-Streptomycin and 10% foetal bovine serum
(FBS)) was used to resuspend the cells. Adipocyte-derived stem cells
(ADSCs) were isolated from 4-week-old Sprague Dawley (SD) Rat,
inguinal adipose tissues were collected and cut into small pieces, and
then digested with type | collagenase for 1 hour at 37°C water bath.
The digested cells were spun by centrifuge at 500 g for 5 min and
then re-suspended in complete a-MEM. The third passage of BMSCs
and ADSCs was used for our future experiment. ADSCs identifica-
tion was performed by flow cytometry via detecting surface marker
including CD, 31, CD29, CD45 and CD44. BMSCs identification
was performed via detecting surface marker including CD29, CD24,
CD45 and CD90. MC3T3-E1 cell line was cultured with complete a-
MEM, and RAW264.7 was cultured with complete DMEM (high glu-
cose DMEM that consisted of 1% Penicillin-Streptomycin and 10%
FBS). Cells were passaged when they reached 80%-90% confluence.
For the detection of AR1 and AR2, cells were seeded on 12-well
plates for immunofluorescence staining. 4% paraformaldehyde was
used for cell fixation, and 0.5% Triton X-100 was used for permea-
bilization. Goat serum was used for non-specific antigens blocking.
Samples were then incubated with related primary antibodies over-
night at 4°C. FITC- and Cy3-conjuncted secondary antibody were
used to react with AR1 and AR2 primary antibody, respectively.

2.3 | Osteogenesis, osteoclastogenesis and
adipogenesis induction

For osteogenic differentiation, MC3T3-E1, BMSCs and ADSCs were
routinely cultured with as we described before.? Briefly, induction
medial that consisted of complete «MEM, 50ug/mL ascorbic acid,
100 nM dexamethasone and 10 mM beta-glycerophosphate was used
for osteogenic differentiation. Medium was changed every two days.
Cells were treated with or without APR combined with osteogenic me-
dium for 3-7 days to perform alkaline phosphatase (ALP) staining and
ALP quantitative (Alkaline Phosphatase Assay Kit, Beyotime, China),
or for 14 days to conduct Alizarin red staining. AR-stained cells were
destained with 10% cetylpyridinium chloride at room temperature for
1 hour, and the absorbance was measured at 570 nm for quantitative.

For osteoclastogenesis, RAW264.7 and subsequent osteoclas-
togenesis differentiation was culture as we previously described.?°
Complete high glucose DMEM contained 50 ng/mL murine recom-
binant sSRANK Ligand (Proteintech, US) was used for the induction
of osteoclastogenesis. Tartrate-resistant acid phosphatase (TRAP)
staining and TRAP quantitative was performed on day 6 with or
without APR treatment using TRAP/ALP stain kit (Wako, Japan) and
Tartrate-Resistant Acid Phosphatase Assay Kit (Beyotime, China) ac-
cording to the manufactures’ instructions. The size and number of
TRAP + cells were measured by Image J; five random fields were
used for cell counting.

For adipogenic differentiation, BMSCs and ADSCs were cul-
tured as we described before.? Adipogenic differentiation included

two stages: induction stage and maintain stage. In induction stage,
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complete high glucose DMEM containing 1 uM Rosiglitazone, 500 nM
IBMX, 1 uM Dexamethasone and 10 ug/mL insulin was used for
3 days. Base medium that consisted of complete high glucose DMEM,
10 pg/mL insulin and 1 uM Rosiglitazone was used for maintaining
stage for 6 days. Oil Red O (ORO) staining and related quantitative
was conducted as we described before? after 9 days’ adipogenic dif-
ferentiation with or without APR treatment. Related gene and protein
expression level were also detected at the same time-points.

2.4 | Cell proliferation assay

Cell counting (CCK-8 kit, Dojindo, Japan), cell cycle flow cytom-
etry analysis (Cell Cycle Detection Kit, KeyGen Biotech, China) and
EdU cell proliferation assay (iClick EdU Andy Fluor 488 Imaging Kit,
GeneCopoeia, US) were performed to analyse the effect of APR on
cell viability after 24 and 48 hours treatment for all investigated of
cells. EdU-positive cells were observed by fluorescent microscopy
(Olympus, Tokyo, Japan) and related quantification was conducted
by Image J software.

2.5 | Cell migration assay

Transwell and wound-healing assay were used for investigating the
cell migration ability of BMSCs and ADSCs. For Transwell assay,
cells were plated on top chamber overnight, then the medium of top
chamber was changed to serum-free medium and the bottom was
changed to 10% foetal bovine serum (FBS) medium with or without
APR. 18 hours later, inserts were removed and fixed 4% formalde-
hyde. The upper layer cells were removed by sterile cotton, and the
bottom layer cells were stained with 0.5% crystal violet and counted
with five fields under microscope. For wound-healing assay, 200 pL
pipette tip was used to make a scratch when the cells reached 100%
confluence. Before and after 18 hours’ serum-free treatment with
or without APR, particular points of the scratch were photographed,
and the scratch area was measured by Image J software.

2.6 | Mice bone defect model and APR treatment

All the animal investigations were conducted according to the
approved protocol by Animal Research Committee of Sichuan
University (Chengdu, China) and in consistent with related guide-
lines and regulations. In total, 24 6-week-old male mice were used in
this study, 8 mice per group. After anaesthesia, a monolayer-cortical
bone defect (1 mm in diameter) was generated around 1 mm below
the growth plate in the distal side of femur using a dental engine
(Wallingford, USA). APR diluted in corn oil was orally gavaged (5 mg/
kg and 50 mg/kg body weight) every day after surgery; control group
was fed with equal volume of corn oil.

8 mice from each group were sacrificed at 1 week after APR

treatment, inguinal adipose tissue was isolated and preserved in -80

Proliferation
after snap frozen by liquid nitrogen. Femur defect samples and other
organs including heart, kidney and liver were fixed in 4% parafor-

maldehyde solution for 6 hours and then changed to 70% ethanol.

2.7 | Micro-CT scanning and histology staining

8 femur samples/group from post-treatment mice were scanned and
analysed by micro-CT (u-CT80, SCANCO, Switzerland) as described
before.2 1 mm thickness femur bone defect (diameter: 1 mm) from
bone surface was chosen as the region of interest. Several bone-
related measurement including bone volume to total volume ratio
(BV/TV), trabecular separation (Tb.Sp), trabecular number (Tbh.N)
and trabecular thickness (Tbh.Th) was evaluated.

After micro-CT analysis, the femur samples were used for fur-
ther histological staining as we previously reported.? Bone tissue
sections were stained with Masson and H&E staining. Adipose tis-
sue frozen sections were stained with H&E, ORO staining and anti-
lipoprotein lipase immunofluorescence staining. Adipocyte size and
adipocyte number in inguinal fat tissues were measured by Image J
software. Heart, kidney and liver samples were stained with H&E

staining to evaluate potential drug toxicity.

2.8 | RNA extraction, RT-PCR analysis and
immunoblotting

TRIzol (Takara, Japan) was used for total RNA extraction from the
treated cells or in vivo adipose tissues; RT-PCR was performed ac-
cording to the instructions as we described before.? Primers used
for RT-PCR are listed in Table S1. Immunoblots were performed as
we previously described.? Treated cell samples were lysed with RIPA
lysis buffer for around 30 min on ice. Antibodies used for immunob-
lot were listed in Table S2. Related quantitative of immunoblots was

conducted via Image J software.

2.9 | Statistical analysis

All quantitative data are shown as mean + standard deviation.
Statistical significance was assessed with one-way analysis of vari-
ance (ANOVA) following Dunnett's test among 3 or more groups
using SPSS software (version: 17.0) and Prism GraphPad (version:
7.0). Values of P < .05 were considered statistically different.

3 | RESULTS

3.1 | The expression of AdipoR1 and AdipoR2, and
characterization of BMSCs and ADSCs

The expression of AR1 and AR2 was detected via immuno-
fluorescence in MC3T3-E1, RAW264.7, BMSCs and ADSCs
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(Figure S1A). The results showed that both AR1 and AR2 were
uniformly distributed in the cytoplasm and cytomembrane in all
cell types.

Third passage ADSCs and BMSCs were used for flow cytometry.
Flow cytometry results indicated that rat ADSCs were positive for
CD44 (97.4%) and CD29 (98.9%) but negative for CD45 (5.87%) and
CD31 (5.08%) (Figure S1B). Flow cytometry results for rat BMSCs
also showed two positive including CD29 (99.6%), CD90 (99.6%) and
two negative markers including CD34 (0.71%) and CD45 (1.00%)
(Figure S1C).

3.2 | APRinhibited the proliferation of
MC3T3-E1 and RAW264.7

Initially, we investigated the effect of APR on cell survival and cell
cycle distribution of pre-osteoblast MC3T3-E1 and pre-osteoclast
RAW264.7. We found the proliferation of the both osteoblast and os-
teoclast progenitors, MC3T3-E1 and RAW264.7, was inhibited by APR
treatment (Figure 1). The results of CCK-8 assay showed that 15 uM and
25 uM APR could significantly inhibit cell proliferation of MC3T3-E1
and RAW264.7 cells after 24- and 48-hour treatment (Figure 1D, H).
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FIGURE 1 APR inhibited the proliferation of MC3T3-E1 and RAW264.7. A, Cell cycle/apoptosis flow cytometry analysis and related
quantitative analysis of MC3T3-E1 after 24-h and 48-hour APR treatment, n = 3. B, Representative pictures for EdU staining of MC3T3-E1
after 24-h APR treatment and 2-h EdU incubation, white scale bar: 250 um. C, Quantification analysis of EdU assay for MC3T3-E1 cells
after 24-h APR treatment and 2-h EdU incubation, n = 3. D, CCK-8 assay of MC3T3-E1 after 24-h and 48-hour APR treatment,n=5. E,
Cell cycle/apoptosis flow cytometry analysis and related quantitative analysis of RAW264.7 after 24-h and 48-hour APR treatment, n = 3.
F, Representative pictures for EdU staining of RAW264.7 after 24-h APR treatment and 2-h EdU incubation, white scale bar: 200 um.

G, Quantification analysis of EAU assay for RAW264.7 cells after 24-h APR treatment and 2-h EdU incubation, n = 3. H, CCK-8 assay of
RAW264.7 after 24-h and 48-hour APR treatment, n = 5. Data shown as mean + SD. *P<.05 vs Vehicle; **P<.01 vs Vehicle
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Further cell cycle/apoptosis (Figure 1A, E) and EdU analysis (Figure 1B,
F) indicated that there is no significant cell apoptosis, but the S phase
cells were remarkably decreased with APR treatment and increasing

cells were arrested in G1/GO phase (Figure 1C, G).

3.3 | APR has no effect on the proliferation of
BMSCs and ADSCs, but promote cell migration

As indicated by our pre-test, APR treatment that is higher than
5 uM significantly inhibited both cell proliferation and osteogenic/

Cell ‘ 50f12
o emion M

adipogenic differentiation of rat BSMCs and ADSC (data not shown),
0-2.5uM APR was used in our experiments for BSMCs and ADSCs. For
one of the adipocyte and osteoblast lineages descendent progenitors-
BMSCs, according to CCK-8, cell cycle/apoptosis and EdU analysis, no
significant difference was found regarding both cell cycle distribution
(Figure 2A-C) and cell viability (Figure 2D) under 24- or 48-hour APR
treatment. However, Transwell and wound-healing assay suggested
that 18-hour APR treatment could obviously increase cell migration of
BMSCs with dose-depend manner (0-2.5 uM) (Figure 2E, F).

For another adipocyte and osteoblast lineages progenitors-
ADSCs, APR showed similar effects to that on BMSCs, no difference
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FIGURE 2 APR showed no effect on the proliferation of BMSCs but promote cell migration in a dose-depend manner. A, Cell
cycle/apoptosis flow cytometry analysis and related quantitative analysis of BMSCs after 24-h and 48-hour APR treatment, n = 3. B,
Representative pictures for EdU staining of BMSCs after 24-h APR treatment and 24-h EdU incubation (with APR), white scale bar: 200 um.
C, Quantification analysis of EdU assay for rat BMSCs after 24-h APR treatment and 24-h EdU incubation, n = 3. D, CCK-8 assay of BMSCs
after 24-h and 48-hour APR treatment, n = 5. E, Representative images of Transwell assay for BMSCs after 18-h APR treatment and related
quantitative analysis with 5 random fields’ cell counting. F, Representative images of wound-healing assay for BMSCs after 18-h APR
treatment under serum-free condition and related quantitative analysis, n = 3. Data shown as mean + SD. *P<.05 vs Vehicle; **P<.01 vs
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was found for cell cycle distribution (Figure 3A-C) and cell growth
ability (Figure 3D). However, Transwell and wound-healing assay
suggested that 18-hour APR treatment could obviously increase cell
migration of both BMSCs and ADSCs (Figure 3E, F).

3.4 | APRincreased osteogenesis of MC3T3-E1 and
decreased osteoclastogenesis of RAW264.7

Subsequently, we further investigated the effect of APR on bone-fat

balance including osteoblast-osteoclast and osteoblast-adipocyte

differentiation balance. With continuous APR treatment along
OB differentiation, Alkaline Phosphatase (ALP) staining results of
MC3T3-E1 showed that 5 and 15 uM group had significantly higher
ALP activity after 3-7 days’ OB differentiation while 25 uM showed
no difference compared to vehicle group (Figure 4A, B; Figure S2A,
B). Similarly, Alizarin Red staining showed the same trend after
14 days of OB differentiation (Figure 4C). Besides, qPCR results also
showed that the gene expression of Alp, Runx-2, Osx and Col-1 was
significantly upregulated by 5 uM and 15 uM APR treatment with
3-7 days’ OB differentiation, and the gene expression level of Ocn,
Opn, Opg was also increased with 14 days’ 5 uM and 15 uM APR
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FIGURE 3 APR showed no effect on the proliferation of ADSCs but promote cell migration. A, Cell cycle/apoptosis flow cytometry
analysis and related quantitative analysis of ADSCs after 24-h and 48-hour APR treatment, n = 3. B, Representative Pictures for EdU staining
of ADSCs after 24-h APR treatment and 24-h EdU incubation (With APR), white scale bar: 200 um. C, Quantification analysis of EdU assay
for rat ADSCs after 24-h APR treatment and 24-h EdU incubation, n = 3. D, CCK-8 assay of ADSCs after 24-h and 48-hour APR treatment,

n = 5. E, Representative images of Transwell assay for ADSCs after 18-h APR treatment and related quantitative analysis with 5 random
fields’ cell counting. F, Representative images of wound-healing assay for ADSCs after 18-h APR treatment under serum-free condition and
related quantitative analysis, n = 3. Data shown as mean + SD. *P<.05 vs Vehicle; **P<.01 vs Vehicle
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after 6 days’ OC differentiation and APR treatment. G, Quantification analysis for the size and number of TRAP + osteoclasts after 6 days’
OC differentiation and APR treatment, n = 5 fields. H, TRAP quantitative analysis of RAW264.7 after 6 days’ OC differentiation and
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RAW264.7 after 6 days’ OC differentiation and APR treatment, n = 3. Data shown as mean + SD. *P < .05 vs Vehicle; **P < .01 vs Vehicle

treatment (Figure 4D; Figure S2C). Not surprisingly, the upregulation
of these OB-related genes declined at 25 uM. And it is noteworthy
that the expression of Rankl is decreased with APR treatment in a
dose-dependent manner (Figure 4D). Western blot results further
confirmed these findings (Figure 4E).

Additionally, TRAP staining results suggested a dose-dependent
inhibition of osteoclast formation by treating RAW264.7 with APR
(Figure 4F-H). Although significant decreased size of osteoclasts
was found in AdipoRon-treated groups, there is no difference for
the number of osteoclasts among groups except 15 uM AdipoRon
group. gPCR and Western blot results further suggested that the
gene and protein expression level of OC related transcript factors
and functional proteins including CTSK, TRAP and NFATc1 were sig-
nificantly decreased in APR treatment groups (Figure 41, J).

3.5 | APR showed pro-osteogenic and anti-
adipogenic effect on the rat BMSCs and ADSCs

In this part, 4-week-old male SD rats were used for BMSCs and

ADSCs isolation and further experiments. For BMSCs, ALP and

Alizarin Red staining results showed that continuously APR treat-
ment along with OB differentiation leads to significantly increased
ALP activity (3-7 days) and mineralization formation (14 days)
(Figure 5A-C; Figure S3A, B). qPCR results showed that 1.5 uM and
2.5 uM APR could remarkably upregulate the gene expression of Alp,
Runx2, Osx and Col-1 with 3-7 days’ OB differentiation and increase
the gene expression of Ocn, Opn and Opg with 14 days’ OB differ-
entiation (Figure 5D; Figure S3C). Western blot results further con-
firmed gPCR results (Figure 5E). Moreover, ORO staining and related
quantitative results indicated that the adipogenesis of BMSCs was in-
hibited by APR treatment with 9 days’ AD differentiation (Figure 5F,
g). Consistently, the expression level of AD differentiation-related
genes and proteins including PPARy2, CEBP/a and LPL was found
significantly down-regulated in 1.5 uM and 2.5 uM APR group com-
pared to vehicle group (Figure 5H, I).

Furthermore, we also found that APR has similar but limited pro-
osteogenic effect on rat ADSCs. APR could also increase ALP activ-
ity and promote mineralization formation at 1.5 uM and 2.5 uM in
ADSCs with OB differentiation (Figure 6A-C; Figure S4A, B); mean-
while, the expression level of OB-related genes and proteins was
upregulated in 1.5 uM and especially 2.5 uM APR group (Figure 6D,
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E; Figure S1C). Not surprisingly, 9 days’ APR treatment with AD dif-
ferentiation strongly inhibited adipocyte formation (Figure 6F, G)
and the expression of PPARy2, CEBP/a and LPL (Figure 6 H, I) in
ADSCs.

3.6 | APR promoted femur defect repairing and
inhibited inguinal fat accumulation

Based on the in vitro effect of APR mentioned above, we conducted
animal studies to verify these findings in vivo using 6-week-old
male mice. After bone defect surgery, mice were gavage fed with or
without APR every day for 1 week. In the femur defect mice model,
micro-CT data showed significantly increased trabecular volume,
thickness and number and decreased trabecular separation was ob-
served in 50 mg/kg APR treatment group but not 5 mg/kg group
compared to vehicle group at 1 week after surgery (Figure 7A, D).
H&E and Masson staining analysis showed the same findings as
micro-CT: more newly formed trabecular bone was found in APR
groups after 1-week treatment (Figure 7B, C).

Additionally, the inguinal fat pad was also isolated for investi-
gating the effect of APR on adipogenesis after 1-week treatment.
H&E and ORO staining results indicated that the adipocytes were

smaller in 5 mg/kg and 50 mg/kg group compared to vehicle
group, but 50 mg/kg group seemed has slightly higher adipocyte
number (Figure 8A, B). Immunofluorescence also showed LPL-
positive cells were remarkably decreased in APR groups after 1-
week ARP treatment (Figure 8C); qPCR results further confirmed
that the expression level of adipogenesis-related genes including
Lpl, Ppar-y and Cebp-a was significantly inhibited in APR groups
(Figure 8D).

No significant drug toxicity-related injury was found in heart,
kidney and liver samples (Figure S5).

4 | DISCUSSION

Growing evidence indicated that APN could be a promising thera-
peutic target in osteoporosis due to that it might be a determinant
of lineage allocation in bone and bone marrow niche. However, re-
garding the diverse effect of APN on bone metabolism resulting
from complicated endocrine/paracrine system and various APN
isoforms, it would be hard to predict the efficacy of APN in clini-
cal application. Besides, the third receptor of APN, T-cadherin, was
considered to be the receptor of native serum APN and play an

important role in myogenesis and angiogenesis?>?%; these studies
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suggested that molecular weight (HWM) APN could directly bind
to T-cadherin, while AR1 and AR2 were activated by low molecu-
lar weight (LMW) forms APN. This might give some clues for the
diverse effect of APN on bone metabolism that T-cadherin might
also serves as a receptor in bone niches. Hence, it would necessary
to investigate the specific role for each adiponectin receptor dur-
ing bone regeneration to comprehensively understand the effect
of APN in bone metabolism. In our study, we focused on AR1 and
AR2 signalling, and we used a specific activator for AR1 and AR2,
AdipoRon, to treat pre-osteoblast, pre-osteoclast and mesenchy-
mal stem cells in order to study how does ARs signalling regulate
cell proliferation, stem cell migration, osteoblastgenesis, adipogen-
esis and osteoclastogenesis.

In our study, we first demonstrated that APR could slightly
inhibit cell proliferation of both osteoblast and osteoclast
progenitors—MC3T3-E1 and RAW264.7 via arresting G1/GO
phase cells and decreasing S phase cells. In addition, APR showed
no effect on the proliferation or cell cycle distribution of rat bone
marrow mesenchymal cells and adipocyte-derived mesenchy-
mal cells, but APR significantly promoted cell migration of them.
The results were consistent with previous study that the migra-
tion ability of mesenchymal cells (MSCs) could be enhanced by
APR potentially via activating COX-2/PGE2/HIF-1 pathway.?”

Moreover, we further investigated the effect of APR on bone-fat
cross-talk including osteogenesis-osteoclastogenesis balance and
osteogenesis-adipogenesis balance. Our results suggested that
APR could promote osteogenic differentiation of both osteoblast-
precursor cells and MSCs, inhibit osteoclast differentiation from
osteoclast-precursor cells and decrease adipogenesis of MSCs.
Consistently, adipogenesis in C3H10T1/2 cells was also inhib-
ited with APR treatment by promoting the phosphorylation of
AMPK and ACC.%® Meanwhile, the gene expression of Rank ligand
was found decreased while Opg was found increased in osteo-
blast precursors. Similar results were found previously that APR
treatment could significantly inhibit osteoclastogenesis of RAW
264.7 cells and bone marrow macrophages in dependent of cell
proliferation.’’ Our data showed that APR treated group had
much smaller osteoclasts but similar osteoclast number, which in-
dicated that the cell fusion was dramatically inhibited in the late
stage. Interestingly, previous study showed that APN increased
the formation and function of osteoclasts indirectly by promot-
ing RANKL secretion and repressing OPG production from os-
teoblasts. Depending on our findings that ARs activation could
directly downregulate the ratio between Rankl and Opg, the di-
verse effect might be resulted from the activation of the third re-
ceptor of APN, T-cadherin.
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Given that ARs signalling activation could improve bone-fat diabetes-related bone fractures and oestrogen deficiency-induced
imbalance and promote osteogenesis, inhibit osteoclastogenesis osteoporosis. Similarly, Wu et al applied APR in mice diabetic peri-

and adipogenesis, APR would be a promising drug for preventing odontitis and found that APR treatment group had significantly
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lower osteoclast numbers and suppressed alveolar bone resorp-
tion.Y Therefore, based on the in vitro data and previous study,
we hypothesized that APR could promote bone regeneration and
defect healing. We then established femur defect model with
6-week-old male mice and evaluated the impact of APR in acceler-
ating bone regeneration. We found much more new bone forma-
tion, higher BV/TV, increasing Th.Th, Th.N and lower Th.Sp in APR
treated mice compared to vehicle-treated mice. Meanwhile, de-
creased adipocyte size of inguinal adipocytes and down-regulated
adipogenesis-related genes expression including Ppary, Cebpaa
and Lpl in inguinal fat pad were found in APR treatment group,
although 50 mg/kg group showed lightly higher adipocyte num-
ber. These data may indicate that the lipid accumulation was sig-
nificantly inhibited but not the adipocyte formation. The protein
expression level of LPL was also inhibited in APR treatment group.
Our previous study showed APN level that secreted from inguinal
adipose tissue was negatively related to bone regeneration in tibia
defects.? We believed that might be due to the changes of other
circulating bone-related hormones or APN feedback regulation
instead of its own effect on bone-fat cross-talk. In this study, we
further confirmed that the direct activation of ARs signalling pro-
moted bone formation and defect healing.

In conclusion, our study demonstrated a positive role of ARs ac-
tivation in regulating bone-fat balance including pro-osteogenesis,
anti-osteoclastogenesis and anti-adipogenesis in young mice-
derived MSCs and osteoclast-precursors. In addition, APR treatment
could also faster bone regeneration and defect healing. Therefore,
ARs signalling should be a promising target for the treatment and

prevention of osteoporosis.
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