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Abstract: Human adipose derived stem/stromal cells (hASCs) are frequently used as seed cells in bone tissue
engineering. These cells have good osteogenic properties in various in vivo and in vitro models. Tumor protein p53-
induced nuclear protein 2 (TP53INP2) regulates apoptosis, autophagy, and cell differentiation. However, whether
TP53INP2 regulates osteogenic differentiation of hASCs has not been sufficiently studied. Herein, we explored
this topic using siRNA experiments, osteogenic induction, quantitative real-time PCR (qRT-PCR) and western blot
analysis. We found that siRNA decreased mRNA levels of osteoblast-specific genes in TP53INP2 cells. Western blots
showed that RUNX2 protein expression decreased in siRNA-TP53INP2 cells at day 3, 7, and 21 after osteogenic in-
duction. The level of B-catenin, LC3 and the LC3-1I/LC3-I ratio in siRNA-TP53INP2 cells was decreased at day 3 and
7 after osteogenic induction. Further, treatment with lithium chloride (LiCl), an activator of Wnt signaling pathway,
induced partial recovery of protein expression of B-catenin and RUNX2 (osteoblast-specific factor 2) in TP53INP2
knockdown cells. Collectively, these results show that TP53INP2 promotes osteogenic differentiation of hASCs by

activating Wnt/f-catenin signaling.
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Introduction

Trauma, tumors and congenital diseases have
been found to cause bone tissue defects, and
even secondary deformities [1-3]. Currently,
substantial research has been directed at
studying the effective methods to repair bone
defects. Human adipose derived stem/stromal
cells (hASCs) can differentiate into adipocytes,
osteoblasts, chondrocytes and myoblasts [4].
These cells possess multiple advantages in-
cluding rich source for harvesting, ease of har-
vest through a non-invasive procedure, high
acquisition efficiency and a good proliferative
capacity in vitro [5]. In addition, multiple stud-
ies have reported that hASCs possess good
osteogenic properties in vivo and in vitro [6-
8]. Thus, hASCs have good prospects in bone
tissue regeneration. However, there is limited

knowledge about how their differentiation is
regulated at the molecular level, which is need-
ed to inform their future applications in the
clinic.

Human tumor protein p53-induced nuclear pro-
tein 2 (TP53INP2) was first identified to be
located on the long arm of chromosome 20 [9].
The protein encoded by the TP53INP2 bears
homology to the tumor protein p53-induced
nuclear protein 1 (TP53INP1) [10]. TP53INP2 is
also called DOR (diabetes and obesity regulat-
ed protein) because it is under expressed in the
Zucker diabetic fatty rat [11]. Its association
with obesity in this animal model led to the
hypothesis that TP53INP2 regulates adiposity.
More recently, TP53INP2 expression was found
to be downregulated in diabetes-free sWAT of
obese patients [12].
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Recent research has reported that TP53INP2
negatively modulates adipogenic differentia-
tion of preadipocytes by activating B-catenin
signaling [12]. Some studies have demonstrat-
ed that osteogenic differentiation of mesenchy-
mal stem cells (MSCs) and adipogenic differen-
tiation are opposite [13-15]. Currently, the role
of TP53INP2 in osteogenic differentiation has
not been sufficiently studied. By mediating the
effects of the thyroid hormone in osteoblasts,
TP53INP2 may regulate osteoblast differentia-
tion [16]. Evidence indicates that the Wnt sig-
naling pathway is an important regulator of
osteogenic and adipogenic differentiation of
MSCs [13, 17]. However, whether TP53INP2
regulates osteogenic differentiation of ASCs
via Wnt pathway has not been previously in-
terrogated.

In addition to its function as a modulator of cell
differentiation, TP53INP2 is also involved in
autophagy [18]. Loss of TP53INP2 in Droso-
phila melanogaster larvae fat has been shown
to significantly impair autophagy [19]. Similar-
ly, using a mouse model, TP53INP2 knockout
in skeletal muscles impaired autophagy, which
was rescued by its overexpression in the same
tissue [20]. Together, these findings suggest
that TP53INP2 is a positive modulator of au-
tophagy. However, the role TP53INP2 in auto-
phagy during osteogenic differentiation of
hASCs is unclear.

In this study, the effects of TP53INP2 knock-
down on osteogenic differentiation of hASCs
were investigated by monitoring the expres-
sion of runt-related transcription factor 2
(RUNX2). The role of autophagy and the Wnt
signaling pathway in this process were also
investigated.

Materials and methods
Subjects

Human adipose tissues were obtained from
five healthy women donors (18-35 years of age)
scheduled to undergo liposuction for aesthetic
purposes in the Plastic and Cosmetic Center in
Hospital of Stomatology, Chongqing Medical
University. None of the women had systemic
diseases or infections. Informed consent was
obtained from each woman. All experiments in
this study were conducted in accordance with
the Declaration of Helsinki following protocols
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reviewed and approved by Ethics Committee of
College of Stomatology, Chongging Medical
University.

Cells isolation and culture

Fresh adipose tissues and excess tissues after
liposuction were immediately transported to a
laboratory. The tissues were washed with phos-
phate-buffered saline (PBS) (Solarbio, Beijing,
China) to remove blood and grease, and then
digested with 0.1% type | collagenase (Sigma-
Aldrich, St. Louis, MO, USA) for one hour as pre-
viously described [21]. After digestion, tissues
were shaken and centrifuged at 300 x g twice.
After the last centrifugation, the upper layer of
collagenase solution containing oil and fat was
removed, and the cells in the bottom layer were
harvested. Cells were resuspended in a given
volume of PBS solution, washed, and centri-
fuged for 5 minutes at 300 x g repeatedly.
Next, the upper PBS solution was discarded,
and cells at the bottom of the tubes were cul-
tured in a complete medium consisting of
o-MEM (Hyclone, Logan, UT, USA), 10% fetal
bovine serum (FBS, Gemini Bio-Products,
Woodland, CA, USA) and 1% penicillin/strepto-
mycin (HyClone, Logan, UT, USA) in an incuba-
tor. The medium was refreshed every 2 days.
For LiCl treatment, cells were cultured in osteo-
genic inducing medium containing 5 mM LiCl
(Sangon Biotech, Shanghai, China) for 7 days.

Flow cytometry analysis

The third generation of hASCs grown in 10 cm
cell culture dish were trypsinized when they
reached confluence, and 4 x 10° cells were
resuspended in PBS containing 2% FBS in nine
light-proof tube. After washing the cells three
times with 2% FBS, cells were incubated with
specific conjugated primary antibody and cor-
responding control for 30 minutes. Thereafter,
cells were washed three times with 2% FBS,
and analyzed with a BD Influx flow cytometer
(BD Biosciences, San Jose, CA). The following
human antibodies bought from BD Pharmin-
gen™ (San Diego, CA, USA) were used: CD19-
fluorescein isothiocyanate (FITC) (BD Bio-
sciences, San Jose, CA, #560994), CD34-FITC
(BD Biosciences, San Jose, CA, #555822),
CD45-FITC (BD Biosciences, San Jose, CA,
#560976), CD73-phycoerythrin (PE) (BD Bio-
sciences, San Jose, CA, #550257), CD9O-FITC
(BD Biosciences, San Jose, CA, #555595),
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CD105-FITC (BD Biosciences, San Jose, CA,
#61443), CD146-PE (BD Biosciences, San
Jose, CA, #550315), and STRO-1-FITC (Bio-
Legend, San Diego, CA, USA, #340105).

Multilineage differentiation

hASCs were initially cultured in complete cul-
ture media until they reached 80% confluence.
The medium was replaced with a fresh osteo-
genic induction medium (x-MEM supplemented
with 10% FBS, 1% penicillin-streptomycin, 10
mM B-glycerophosphate (Sigma Aldrich, St.
Louis, MO, USA), 50 mg/ml ascorbate (Sigma
Aldrich, St. Louis, MO, USA), and 10 nM dexa-
methasone (DEX, Sigma Aldrich, St. Louis, MO,
USA)); or adipogenic induction medium (a-MEM
supplemented with 10% FBS, 1 mM DEX, 10
mM insulin, 200 mM indomethacin (Sigma
Aldrich, St. Louis, MO, USA), and 0.5 mM 3-iso-
butyl-1-methylxantine (Sigma Aldrich, St. Louis,
MO, USA)); or chondrogenic induction medium
(Cyagen Biosciences Inc., Suzhou, China). The
medium was refreshed every 2 days. Alizarin
Red staining and Oil Red O staining were car-
ried out after osteogenic induction for 21 days
and adipogenic induction for 8 days, respec-
tively. The staining of calcified nodules was
eluted using 10% CPC in 10 mM sodium phos-
phate. The concentration of calcium was deter-
mined by measuring the absorbance at 540 nm
with a multimode plate reader (PerkinElmer,
USA). After chondrogenic induction for 30 days,
the samples were prepared into paraffinized
sections, and stained with Alcian Blue 8GX
(Sigma-Aldrich, St. Louis, MO, USA).

Small interfering RNA (siRNA) knockdown

Three different siRNA sequences (siRNA-
TP53IN-P2-homo-1901, siRNA-TP53INP2-ho-
mo-2668, siRNA-TP53INP2-homo-3762) and
scrambled siRNA were designed and synthe-
sized by Sangon Biotech (Shanghai, China). The
sequences are as follows: TP53INP2-homo-
1901-s: CCUGAAAUCUGAAGGGCUUTT, TP53-
INP2-homo-1901-a: AAGCCCUUCAGAUUUCAG-
GTT, TP53INP2-homo-2668-s: GCAUUCCCAU-
GAGGGCAAATT, TP53INP2-homo-2668-a: UU-
UGCCCUCAUGGGAAUGCTT, TP53INP2-homo-
3762-s: GCAACUUGCUCUGACCUAUTT, TP53-
INP2-homo-3762-a: AUAGGUCAGAGCAAGUUG-
CTT, scrambled siRNA-s: UUCUCC GAACGUGU-
CACGUTT, scrambled siRNA-a: ACGUGACACGU-
UCGGAGAATT. The scrambled siRNA was used
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as a negative control (NC). When cells grew to
70% confluence in the 6-well plates, they were
transfected with siRNA-TP53INP2 or scrambled
siRNA, using Lipofectamine 3000 (Thermo
Fisher Scientific, Waltham, MA, USA) transfec-
tion reagents following the manufacturer’s pro-
tocol. After 48 h, the media were replaced with
complete culture media. Lastly, knockdown of
TP53INP2 was verified by quantitative real-time
PCR, western blot and immunofluorescence
staining.

RNA isolation, cDNA synthesis, quantitative
real-time PCR (qRT-PCR)

RNAiso Plus reagent (Takara Biomedical Tech-
nology, Beijing, China) was used to extract to-
tal RNA from cells according to the manufac-
turer's instructions. cDNA was synthesized
using a PrimeScript™ RT Master Mix (Perfect
Real Time) (Takara Biomedical Technology,
Beijing, China). According to the manufacturer’s
instructions, qRT-PCR was performed by using
the QuantiNova SYBR Green PCR Kit (QIAGEN,
Hilden, Germany). The primer sequences we-
re as follows: GAPDH Fwd: CCCCACTTGATTT-
TGGAGGGA, Rev: AGGGCTGCTTTTAACTCTGGT,
TP53INP2 Fwd: CCTCCCCTTCTCCTCCAGTAAA,
Rev: AGCCCAAAATTCAGTCTCACCA, ALP Fwd:
GGCCTGTACCATACAAGCCC, Rev: CCACGTAGA-
CGAGGTAGTTGTG, RUNX2 Fwd: TGGTTACTGT-
CATGGCGGGTA, Rev: TCTCAGATCGTTGAACC-
TTGCTA, OCN Fwd: CACTCCTCGCCCTATTGGC,
Rev: CCCTCCTGCTTGGACACAAAG, COL1A1 Fwd:
GAGGGCCAAGACGAAGACATC, Rev: CAGATCA-
CGTCATCGCACAAC.

Western blot

After washing three times with PBS, cells were
treated with RIPA Lysis buffer containing
Phenylmethanesulfonyl fluoride (PMSF) (Beyo-
time, Shanghai, China) to obtain total cellular
protein. In order to quantify the concentration
of protein, the Enhanced BCA Protein Assay Kit
(Beyotime, Shanghai, China) was used. Next,
protein sample was heated for 5 minutes with
loading buffer (Beyotime, Shanghai, China).
Then, 20 uL protein volume was separated on
SDS-PAGE (Beyotime, Shanghai, China), and
they were transferred onto PVDF membranes.
Next, membranes were blocked in milk with 5%
fat-free milk (Beyotime, Shanghai, China) for 2
hours. And they were incubated with anti-GAP-
DH (7E4) Mouse mAb (Zenbio, Chengdu, China,
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#200306-7E4), anti-TP53INP2 Rabbit pAb
(Zenbio, Chengdu, China, #251729), anti-RU-
NX2 (D1L7F) Rabbit mAb (CST, USA, #12556),
anti-LC3A/B Rabbit pAb (Zenbio, Chengdu,
China, #306019), anti-GSK3 beta (2E6) Mouse
mAb (Zenbio, Chengdu, China, #200494-2E6),
anti-Phospho-GSK3 beta (Ser9) Rabbit pAb
(Zenbio, Chengdu, China, #310010), anti-beta
Catenin (5D6) Mouse mAb (Zenbio, Chengdu,
China, #201328-5D6), anti-SQSTM1/p62 Rab-
bit pAb (Zenbio, Chengdu, China, #380612),
anti-Beclin-1 Rabbit pAb (Zenbio, Chengdu,
China, #350130) at 4°C overnight. This was
followed by incubation of membranes with the
corresponding Goat anti-Rabbit IgG (H&L) (HRP
conjugate) (Zenbio, Chengdu, China, #5112-
03) or Goat anti-Mouse IgG (H&L) (HRP conju-
gate) (Zenbio, Chengdu, China, #511103) for 2
hours, respectively. Finally, the immunoblots
were detected by chemiluminescence (Beyo-
time, Shanghai, China).

Statistical analysis

Using GraphPad Prism 6.0 software to analyze
the data from the experimental results. One-
way analysis of variance (ANOVA) was applied
to compare means of multiple groups, and
Dunnett’s multiple comparison tests was used
to post host test. Two-way ANOVA was used to
analyze the experimental data of two factors,
which was followed by Sidak’s multiple com-
parison tests. Quantitative analyses of prote-
ins levels were performed using Image J soft-
ware. Data are shown as mean * standard devi-
ation (SD). Values of **** P < (0.0001, ***, P
< 0.001, **, P < 0.04, *, P < 0.05 sh-
owed statistical significance.

Results
Identification and characterization of hASCs

At the initial stage, the cells were small, poly-
gonal, or spindle-shaped, with different sizes
(Figure 1A). After culture for 8-9 days, the pri-
mary cells grew faster after passaging, acquir-
ing a long spindle shape and uniform size
(Figure 1A). The cells were then identified
by flow cytometry. They tested positive for
the following MSCs markers, CD73 (95.26%),
CD90 (94.46%), CD105 (54.75%), and CD146
(43.35%). However, they poorly expressed
CD19 (0.14%), CD34 (0.14%), CD45 (0.17%),
and STRO-1 (0.30%) (Figure 1B).
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Multilineage differentiation was performed for
cells at third passage. Next, Alizarin Red S
staining was done after culturing the cells in
osteogenic induction medium for 21 days, Ali-
zarin red positive calcium nodules were ob-
served in the cells (Figure 1C). Lipid droplets
were detected by Oil Red O staining after adi-
pogenic induction (Figure 1C). Following 30
days of chondrogenic culture, the present of
sulfated proteoglycans was analyzed by stain-
ing paraffin embedded sections with Alcian
Blue (Figure 1C). In summary, these results
reflect that hASCs can undergo multiple line-
ages of differentiation.

Transfection of small interfering RNA (siRNA)

Total RNA was extracted after 24 hours trans-
fection and proteins was extracted after 48
hours transfection. Results showed that TP-
53INP2 expression levels were lower upon
transfection with TP53INP2 siRNA compared to
NC cells (Figure 2A-D).

Knockdown TP53INP2 inhibits osteogenic dif-
ferentiation of hASCs

To determine whether TP53INP2 is required
for osteogenic differentiation of hASCs, we car-
ried out osteogenic induction for 21 days on
TP53INP2 knockdown cells, NC cells and con-
trol cells. TP53INP2 knockdown cells exhibit-
ed less Alizarin Red S staining when compar-
ed to the NC cells (Figure 3A, 3B). The same
outcome was demonstrated by analysis of
mineralized nodules following staining with
10% CPC (cetylpyridinium chloride) (Figure 3C).
Next, we carried out osteogenic induction on
the cells for 3 and 7 days. The expression le-
vels of the osteoblast-specific genes alkaline
phosphatase (ALP), type | collagen a1l (COL1-
A1) and osteocalcin (OCN) was determined. On
day 3 of osteogenic induction, there was no
significant change in expression of the afore-
mentioned genes. RUNX2, a specific osteo-
blast marker was markedly reduced upon TP-
53INP2 knockdown (Figure 3D). On 7 days of
osteogenic induction, mRNA levels of RUNX2,
ALP, COL1A1, and OCN were significantly de-
creased in TP53INP2 knockdown cells (Figure
3E). Similar results were obtained at protein
levels (Figure 3F-K).

Knockdown TP53INP2 decreases B-catenin
level of hASCs

To explore the relationship between TP53INP2
and Wnt/B-catenin, we determined the protein
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Figure 1. Identification and characterization of hASCs. A. The primary and the third passage hASCs were observed by light microscopy (scale bar 100 um). B. hASCs
Immunophenotypes analysis by flow cytometry: CD73(+) (95.26%), CD90(+) (94.46%), CD105(+) (54.75%), CD146(+) (43.35%), CD19(-) (0.14%), CD34(-) (0.14%),
CD45(-) (0.17%), and STRO-1(-) (0.30%). C. Multilineage differentiation of hASCs. Mineralized nodules were detected by Alizarin Red S staining (on the left) (scale
bar 100 um); lipid droplets were detected by Oil Red O staining after 8 days of adipogenic induction (in the middle) (scale bar 100 um); proteoglycan secretion were
detected by Alcian Blue 8GX staining of paraffin section after 30 days of chondrogenic induction (on the right) (scale bar 100 ym).
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Figure 2. Transfection of small interfering RNA (siRNA). A. After transfection, appropriate siRNA-TP53INP2 sequence
was screened by qRT-PCR, from three different sequences, including siRNA-TP53INP2-1901, siRNA-TP53INP2-2668
and siRNA-TP53INP2-3762. Data represent mean values + SD (n = 3), *P < 0.05, One-way ANOVA and Dunnett’s
multiple comparison tests. B. Appropriate siRNA-TP53INP2 sequence was screened by western blot after transfec-
tion, and GAPDH was used as an internal standard. Data represent mean values + SD (n = 3), ****P < 0.0001,
One-way ANOVA and Dunnett’s multiple comparison tests. C. Quantitative analyses of TP53INP2 protein level us-
ing Image J software. D. Immunofluorescence analysis of TP53INP2 expression after siRNA transfection 48 h.
TP53INP2 was stained as red and nucleus were stained by DAPI showing blue. Bar: 100 um.

levels of B-catenin in cells after 3 and 7 days of
osteogenic induction. Results revealed a sig-
nificant reduction in B-catenin protein levels
upon TP53INP2 knockdown after both 3 and 7
days of osteogenic induction (Figure 4A, 4B,
4D). However, the protein levels of glycogen
synthase kinase 3B (GSK-3p) were not altered
after TP53INP2 knockdown (Figure 4A, 4C,
4E). Together, these results suggest that TP-
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53INP2 might positively regulate B-catenin ex-
pression.

TP53INP2 regulates osteogenic differentiation
of hASCs through the Wnt/B-catenin pathway

To further determine whether the role of TP-

53INP2 in osteogenic differentiation of hASCs
was mediated by Wnt/B-catenin signaling, lithi-
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TP53INP2, NC and control) on day 3 and 7 osteogenic induction, and GAPDH
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B-catenin and GSK-3p protein levels of hASCs on day 7 osteogenic induction
using Image J software (mean values + SD, n = 3), ****P < 0.0001, One-

way ANOVA and Dunnett’s multiple comparison tests.

um chloride (LiCl) was used to activate this
pathway. During osteogenic differentiation of
hASCs, and monitored the pathway’s activation
status by montitoring the level phosphorylated
GSK-3B (p-GSK-3B), which is regarded as the
inactive state of GSK-3p [22]. Results indicated
that the protein level of p-GSK-3f and B-catenin
following treatment of the cells with LiCl were
elevated, indicating activation of Wnt signaling
(Figure 5A, 5B, 5D). Interestingly, the increase
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in p-GSK-3B induced by LiCl
was more pronounced in cells
with  TP53INP2 knockdown
relative to the NC cells (Figure
5A, 5D). Additionally, TP53-
INP2 silencing reduced ex-
pression of [B-catenin, which
was rescued by LiCl treatment
(Figure 5A, 5B). Notably, RU-
NX2 expression upon TP53-
INP2 knockdown rose signifi-
cantly following LiCl treatment
(Figure 5A, 5F). Interestingly,
western blot analysis revealed
increased TP53INP2 expres-
sion in TP53INP2 knockdown
cells after activating Wnt sig-
naling pathway (Figure 5A,
5E).

Inhibition of TP53INP2 influ-
enced autophagy in hASCs
during osteogenic differentia-
tion

Although the role of TP53INP2
in autophagy has been well
documented, it is not clear
whether silencing affects au-
tophagy during osteogenic in-
duction. Here, we found that
the expression levels of the
autophagy markers LC3, LC3-
Il/LC3-1 ratio and P62 were
decreased following TP53IN-
P2 knockdown cells after 3
and 7 days of osteogenic in-
duction (Figure 6A-C, 6E-G,
6l). However, there was no
appreciable change in Beclinl
levels after TP53INP2 knock-
down after 3 days of induc-
tion. By contrast, Beclinl pro-
tein levels were clearly redu-
ced after TP53INP2 knockdown following 7
days of induction (Figure 6A, 6D, 6H).

Discussion

ASCs are commonly used in bone tissue engi-
neering owing to their good osteogenic differen-
tiation capacity [23-25]. So far, several studies
have revealed that the Wnt pathway [26-28],
BMP signaling [29, 30], Notch signaling [31],
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Figure 5. TP53INP2 regulates osteogenic differentiation of hASCs through
Wnt/B-catenin pathway. A. Representative Western blots showed that the
levels of B-catenin, GSK-3p, p-GSK-3B, RUNX2, and TP53INP2 in hASCs (siR-
NA-TP53INP2, NC and control) after 7 days treatment of osteogenic medium
with LiCl. GAPDH was used as internal standard. B-F. Quantitative analyses
of B-catenin, GSK-3pB, p-GSK-3B, TP53INP2, and RUNX2 in hASCs (siRNA-
TP53INP2, NC and control) after 7 days treatment of osteogenic medium
with LiCL, using Image J software, respectively. Data represent mean values
+ SD (n = 3), **P < 0.01, ***P < 0.001, Two-way ANOVA and Sidak’s mul-

tiple comparisons tests.

VEGF signaling participate in the molecular
mechanisms of osteogenic differentiation of
ASCs [32, 33]. RUNX2 is well-known as a mas-
ter regulator of the transcription of genes dur-
ing osteoblast differentiation [34, 35]. TP-
53INP2 has a negative role in adiposity regula-
tion, and positively modulates autophagy [12,
18, 19]. However, the impact of TP53INP2 ex-
pression on osteogenic differentiation in hASCs
has so far not been investigated. Its role in dia-
betes, fat metabolism, apoptosis, and tumor or
genesis has however been reported [12, 20,
36-38]. It has been previously reported that
TP53INP2 modulates thyroid hormone mediat-
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demonstrated that TP53INP2
functions a positive regulator
during osteogenic differentia-
tion of hASCs. Coupled with
the previously reported ne-
gative effect of TP53INP2
on adipogenic differentiation
[12], our findings confirmed
the existence of an opposite
relationship between osteo-

genic differentiation and adip-
ogenic differentiation of MSCs
[13, 39].

As we known, B-catenin plays
the central role in the media-
& tion of canonical Wnt signaling
[40, 41]. After activating the
cannonical Wnt signaling pa-
thway, B-catenin translocates
into the nucleus [42]. Western
blot analysis showed that sil-
encing TP53INP2 significantly
reduced [-catenin levels dur-
ing osteogenic induction (Fi-
gure 4A, 4B, 4D). Similar find-
ings have been reported pre-
viously in TP53INP2-deficient
3T3-L1 preadipocytes [12]. This implies that
TP53INP2 modulates B-catenin expression le-
vel in hASCs during osteogenic differentiation.

To further investigate the role of Wnt signaling
in this process, LiCl, a GSK3 inhibitor, was used
to activate Wnt/B-catenin signaling pathway.
Analysis of the results revealed that protein lev-
els of B-catenin, GSK-3p3 and p-GSK-3[3 were
elevated by LiCl (Figure 5A-D), indicating acti-
vation of Wnt/B-catenin signaling. Additionally,
p-GSK-3B expression was markedly higher in
TP53INP2 knockdown cells relative to the NC
cells. Together, these findings indicate that
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and P62 expression levels of hASCs (siRNA-TP53INP2, NC and control) on day 3 osteogenic induction, using Image
J software, respectively. Data represent mean values + SD (n = 3), *P < 0.05, **P < 0.01, ***P < 0.001, One-way
ANOVA and Dunnett’s multiple comparison tests. F-I. Quantitative analyses of LC3, LC3 1I/LC3 | ratio, Beclin1 and
P62 expression levels of hASCs (siRNA-TP53INP2, NC and control) on day 7 osteogenic induction, using Image J
software, respectively. Data represent mean values + SD (n = 3), *P < 0.05, ***P < 0.001, ****P < 0.0001, One-

way ANOVA and Dunnett’s multiple comparison tests.

TP53INP2 knockdown enhanced the phosphor-
ylation of GSK-3p by LiCl. Notably, LiCl rescued
B-catenin expression in TP53INP2 knockdown
cells. These results support a previous report
that TP53INP2-deficicent preadipocytes expre-
ss low levels of B-catenin, which is rescued by
Wnt3a-mediated activation of the Wnt signaling
pathway [12]. Additionally, we observed that
RUNX2 expression in TP53INP2 knockdown
cells was partially rescued by LiCl driven activa-
tion of the Wnt pathway (Figure 5A and 5F). It
has been reported that Wnt3a mediates activa-
tion of B-catenin in TP53INP2-deficient 3T3-L1
cells while repression of the adipogenic mark-
ers PPAR-y and C/EBP-a results suppression of
adipogenesis [12]. Generally, our results illus-
trate that TP53INP2 activates Wnt/B-catenin
signaling pathway, which in turn up-regulates
RUNX2, a downstream target of Wnt. Sur-
prisingly, LiCl treatment increased the protein
level of TP53INP2 (Figure 5A and 5E). This
observation suggests that the Wnt/[B-catenin
pathway and TP53INP2 may form a positive
feedback loop or Wnt/B-catenin pathway acti-
vates TP53INP2 expression.

Autophagy is a catabolic process in which pro-
teins and damaged organelles are engulfed by
autophagosomes lysosomal degradation [43].
This process maintains stemness and cell dif-
ferentiation [44]. During autophagy, LC3-l, a
cytoplasmic form of LC3, is gradually lipidized
by Atg3, Atg7 and Atgl6/Atg12-Atgh complex
to form LC3-Il [45]. Our analysis revealed that
TP53INP2 knockdown during osteogenic induc-
tion impaired autophagy as revealed by the de-
creased LC3-ll to LC3-I ratio and reduction in
the total LC3 level (Figure 5). This suggests that
TP53INP2 is a positive modulator of autophagy
[19, 20]. Previous reports have suggested that
TP53INP2 modulates autophagy by interacting
with LC3 or LC3-related proteins and trans-
ports them to the autophagosome through vac-
uole membrane protein 1 (VMP1) [10]. When
autophagy is activated, TP53INP2 exits the
nucleus and initiates the the formation of
autophagic membranes in cooperation with
LC3 in the cytoplasm, which mediates the for-
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mation of autophagosome by LC3-ATG7 [46].
We speculate that the knockdown of TP53INP2
might affect these processes, thereby inhibit
osteogenic differentiation by suppressing au-
tophagy. Moreover, we also shown that TP-
53INP2 knockdown reduced expression of P62
during osteogenic induction. Similar outcomes
were obtained upon TP53INP2 overexpression
in C2C12 myotubes [20]. This might result from
a competition between TP53INP2 and P62 for
LC3 [47, 48]. Some researches have reported
that autophagy has a positive role in early
osteogenesis of stem cells [49, 50]. Beclinl
dependent autophagy has been reported to
drive osteogenic differentiation of human gingi-
val mesenchymal stem cells [49]. Autophagy
can promote osteogenic differentiation of
human bone marrow mesenchymal stem cells
[50]. Our results therefore suggest that autoph-
agy might play a positive role TP53INP2 medi-
ated osteogenic differentiation of hASCs.

In conclusion, this study demonstrates for the
first time that TP53INP2 promotes osteogenic
differentiation of hASCs by activating Wnt/j-
catenin signaling. And autophagy is closely
related to the regulation of TP53INP2 on osteo-
genic differentiation of hASCs, but further study
is needed. The findings of this study lay a foun-
dation for further research into the mechanism
of TP53INP2 in the osteogenic differentiation
of hASCs, and reveal an avenue for targeting
TP53INP2 to repair bone defects.
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