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Insulin growth factor-1 promotes the proliferation and
osteogenic differentiation of bone marrow mesenchymal
stem cells through the Wnt/f-catenin pathway
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Abstract. Bone marrow mesenchymal stem cells (BMSCs)
are stem cells that exist in bone marrow tissue and have
osteogenic differentiation potential. Insulin growth factor-1
(IGF-1) plays a key role in the proliferation and osteogenic
differentiation of BMSCs. However, the specific mechanism
of IGF-1 in cell proliferation and osteogenic differentiation
remains unclear. In the present study, BMSCs were trans-
fected with lentivirus carrying the siRNA-Wnt3a gene, and
the Wnt3a level in BMSCs was revealed to be reduced by
western blotting, real-time quantitative polymerase chain
reaction and immunofluorescence detection. Then, BMSCs
were treated with 80 ng/ml IGF-1 in complete medium for
5 days. CCK-8 and cell cycle assays revealed that cell prolifer-
ation was significantly decreased in the siRNA-Wnt3a group
than in the control group. The protein and mRNA levels of
[-catenin and cyclin DI were significantly downregulated in
the siRNA-Wnt3a group compared with the control group.
In addition, BMSCs were treated with IGF-1 in osteogenic
differentiation medium for 7 and 21 days, and alkaline phos-
phatase staining and Alizarin Red staining demonstrated
significantly reduced osteogenic differentiation ability in
the siRNA-Wnt3a group compared with the control group.
Furthermore, the protein and mRNA levels of (3-catenin,
RUNX2, and OPN were downregulated compared with the
control group. Our findings revealed that IGF-1 promoted the
proliferation and differentiation of BMSCs at least partially
through the Wnt/f3-catenin pathway. These findings provided
new insight into the clinical treatment of bone disease.
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Introduction

Bone marrow mesenchymal stem cells (BMSCs), nonhema-
topoietic stem cells that exist in bone marrow tissue, were
first reported by Friedenstein in the 1970s (1). BMSCs have
the ability to differentiate into adipocytes, osteoblasts, skeletal
muscle cells, chondrocytes, smooth muscle cells, tendon cells,
hematopoietic support stroma cells and other mesodermal
cells under certain conditions. The ability to differentiate
into bone cells is important for bone metabolism, and there
is evidence that abnormal differentiation of BMSCs is closely
related to the occurrence of osteoporosis (2). After BMSCs
differentiate into osteoblasts, their bone matrix synthesis,
secretion and mineralization abilities are enhanced, thereby
resulting in bone regeneration. Studies have demonstrated that
transplanting cell culture media containing BMSCs into the
bone defect site can promote bone defect repair (3-5). This
osteogenic differentiation characteristic of BMSCs provides
new treatment ideas for nonunion, bone defects, and osteolytic
bone disease.

Insulin growth factor-I (IGF-1) is a single-chain basic
polypeptide growth factor containing 70 amino acid
residues that plays an important role in regulating cell
proliferation, differentiation, and apoptosis (6). At present,
IGF-1 is considered to be widely involved in bone growth
and development. It has been reported that severe IGF-1 defi-
ciency can cause short stature, and IGF-1 can significantly
improve this condition (7). A previous study has confirmed
that IGF-1 is positively correlated with bone density and
that IGF-1 in the blood of patients with osteoporosis is
significantly reduced (8). Studies have also confirmed that
the development of IGF-1 knockout in mice is related to
a decrease in the number of osteoblasts and a decrease in
bone formation ability (9,10). Moreover, under pathological
conditions, IGF-1 has been revealed to promote the miner-
alization of mesenchymal stem cells, thereby promoting
fracture healing (11). However, the molecular mechanism by
which IGF-1 promotes the proliferation and differentiation
of BMSCs remains unclear.

The Wnt/pB-catenin pathway is currently widely investi-
gated for its role in the pathogenesis of bone system-related
diseases and bone metabolism. It has an important effect on
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bone remodeling and has the potential to control the differen-
tiation direction of BMSCs (12). The Wnt family is composed
of 19 highly conserved cysteine-rich secreted glycoproteins.
In the Wnt/p-catenin pathway, the Wnt protein first binds to
the low-density lipoprotein receptor-related protein (LRP) 5/6
on the cell surface and to the frizzled protein Fzd complex
to promote P-catenin polymerization and entry into the
nucleus (13).

In the present study, the lentivirus carrying the
siRNA-Wnt3a gene was transfected into BMSCs to cause
low expression of the Wnt3a gene in BMSCs and then cells
were treated with IGF-1. The aim of the present study was
to explore the role of the Wnt/B-catenin pathway in IGF-1 in
promoting the proliferation and osteogenic differentiation of
BMSCs.

Materials and methods

Cell culture. C57BL/6 mouse BMSCs were purchased
from Cyagen Biosciences, Inc. BMSCs were placed in a
complete medium, which consisted of basal medium (Cyagen
Biosciences, Inc.), special 10% fetal bovine serum (FBS;
Cyagen Biosciences, Inc.), 1% penicillin-streptomycin dual
antibiotic solution and 1% glutamine. Cells were cultured
at 37°C in an incubator containing 5% CO,. When cell conflu-
ence reached 80-90%, the cells were digested and passaged at
aratio of 1:2. The cells were maintained in culture for no more
than 10 passages.

Induction and identification of osteogenic differentiation.
When the cells reached 80% confluence, they were incu-
bated (37°C, 5% CO,) with osteogenic induction medium
containing 80 ng/ml IGF-1 (PeproTech, Inc.), Dulbecco's
modified Eagle's medium [(DMEM)/F12 supplemented
with 10% FBS, 0.25 mmol/l ascorbic acid, 10 mmol/l
sodium (-glycerophosphate, 107 mol/l dexamethasone], and
the medium was changed once every 2 days on average.
Osteogenesis was monitored continuously, and 3 weeks after
induction, the cells were fixed with 4% paraformaldehyde for
15 min, stained with 0.1% Alizarin Red (Cyagen Biosciences,
Inc.), and observed under a fluorescence microscope. Images
were captured at 400 X magnification.

Drug toxicity test. BMSCs in the logarithmic growth phase
were digested and resuspended, and 100 ul of cell suspension
(1x10*/ml) was added to a 96-well plate. The cells were incu-
bated at 5% CO,, 37°C for 12 h, and then treated with different
concentrations of IGF-1 (0, 40, 60, 80 and 100 ng/ml) with
5 replicate wells for each concentration, after which the cells
were cultured for 5 days. Then, a total of 10 ul of Cell Counting
Kit-8 (CCK-8) reagent (Dojindo Molecular Technologies, Inc.)
was added to each well on days 1, 2, 3,4, and 5. After incuba-
tion for 2 h, a microplate reader was used to obtain the OD
value for each group of cells at a wavelength of 450 nm.

Lentiviral transfection of BMSCs and cell grouping. BMSCs
were transfected with a multiplicity of infection (MOI) of 25,
50, 100, and 200 respectively, and 200 was found to be the best
MOI. BMSCs in good condition were selected and inoculated
on 24-well plates at a density of 1x10* cells/well and incubated

overnight at 37°C. After 24 h, recombinant LV-small inter-
fering (si)RNA-Wnt3a-mus (forward: AGTGCCTCGGAG
ATGGTGGTAG:; reverse: GGGTTAGGTTCGCAGAAG
TTGGG) lentivirus (GenePharma Co., Ltd.) or empty vector
(GenePharma Co., Ltd.) lentivirus was added to the medium
at a multiplicity of infection of 200 (MOI=200). The normal
group was cultured with complete medium without adding
lentivirus. After 96 h of infection, green fluorescent protein
(GFP) was observed at x400 under an inverted fluorescence
microscope (Olympus Corporation). Two groups were used:
IGF-1 + EV (empty vector) and IGF-1 + siRNA-Wnt3a.

CCK-8 assay for detection of cell proliferation. A total of
1x10* cells/ml in good condition were inoculated on a 96-well
plate, after which 100 ul of complete medium containing
80 ng/ml IGF-1 was added to 5 replicate wells per group, and
the cells were incubated in 5% CO, at 37°C. Then, a total of
10 ul of CCK-8 reagent (Dojindo Molecular Technologies,
Inc.) was added to each well on days 1, 2, 3, 4, and 5. After
incubation for 2 h, a microplate reader was used to obtain the
OD value at a wavelength of 450 nm for each group of cells.

Cell cycle detection. Cells in logarithmic growth phase
were digested and centrifuged at 500 x g for 5 min at room
temperature. Approximately 1x10° cells in each group were
collected and washed twice with PBS. Then, the supernatant
was discarded, and the cells were fixed with precooled 75%
ethanol overnight at 4°C. Next, the cells were washed 2 times
with PBS, after which the supernatant was discarded, and the
cells were incubated with 500 pl of PI/RNase (1:9) Staining
Buffer (Nanjing KeyGen Biotech Co., Ltd.) for 60 min at
room temperature. The proportions of cells in the cell cycle
(Gl1, S and G2 phases) were detected by flow cytometry
(cat. no. A0O-1-1102; Beckman Coulter, Inc.).

Western blotting (WB). Each group of cells was collected, total
protein was extracted with RIPA lysis buffer (KeyGen Biotech
Co., Ltd.), and the protein concentration was measured by the
BCA method. The proteins (50 ug/well) were used for 10%
SDS-PAGE, then transferred onto a PVDF membrane. Primary
antibodies against runt-related transcription factor 2 (RUNX2;
1:1,000; product code ab23981), Wnt3a (1:1,000; product
code ab219412), B-catenin (1:1,000; product code ab32572;
all from Abcam), GAPDH (1:2,000; cat. no. bsm-52262R;
BIOSS), cyclin D1 (1:10,000; product code ab134175) and
osteopontin (OPN; 1:1,000; product code ab63856; both from
Abcam) were incubated overnight at 4°C. The membrane
was washed 3 times with TBST (1%), incubated at room
temperature for 2 h with an HRP-labeled secondary antibody
(1:5,000; cat. no. bs-40295G-HRP; BIOSS) and washed again
with TBST. The ECL (KeyGen Biotech Co., Ltd.) signal was
detected after exposure in a darkroom for approximately
3 min. Imaging was performed using a Bio-Rad imaging
system (Bio-Rad Laboratories, Inc.), and the ratio of the target
protein level to GAPDH was calculated. The experiment was
repeated 3 times.

RNA extraction and real-time quantitative polymerase
chain reaction (qPCR). A total RNA extraction kit (Omega
Bio-Tek, Inc.) was used to extract total cell RNA according
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Table I. Primers used for qPCR.

Gene Primer Sequence (5'-3")
Wnt3a F: AGTGCCTCGGAGATGGTGGTAG

R: GGGTTAGGTTCGCAGAAGTTGGG
[-catenin F: GCTCTTCGTCATCTGACCAGC

R: GAGCAAGTTCACAGAGGACC
Cyclin D1 F: CGTATCTTACTTCAAGTGCGTG

R: ATGGTCTCCTTCATCTTAGAGG
RUNX2 F: TTTAGGGCGCATTCCTCATC

R: TGTCCTTGTGGATTAAAAGGACTTG
OPN F: GCAGACACTTTCACTCCAATCG

R: GGGACTCCTTAGACTCACCGC
GAPDH F: TGTGTCCGTCGTGGATCTGA

R: TTGCTGTTGAAGTCGCAGGAG

qPCR, quantitative polymerase chain reaction; F, forward; R, reverse;
RUNX2, runt-related transcription factor 2; OPN, osteopontin.

to the manufacturer's instructions. RNA concentration was
measured and reverse transcribed, according to the Omega
kit instructions. The detection primers for Wnt3a, [3-catenin,
cyclin D1, RUNX2, OPN, and GAPDH were designed and
synthesized by Sangon Biotech, Co., Ltd. (Table I). The
gPCR amplification process was: Denaturation at 94°C for
30 sec, annealing at 60°C for 15 sec and extension at 72°C
for 10 sec, for 45 cycles. qPCR was performed using green
PCR SuperMix (TransGen, Biotech Co., Ltd.) on an Analytik
Jena GmbH instrument (Qtower3G). GAPDH was used as the
internal reference gene, and the target gene expression level
obtained using the 24T method (14).

Immunofiuorescence (IF). After BMSCs were cultured on a
24-well plate at 37°C for one week, Wnt3a, -catenin, cyclin
D1, RUNX2, and OPN were detected by IF. The culture
medium was discarded, and the cells were fixed with 4%
paraformaldehyde for 30 min at room temperature, rinsed
3 times with PBS, permeabilized with 1% Triton X-100 for
15 min and blocked with 1% bovine serum albumin for 30 min
at room temperature. Then, the samples were washed and
incubated overnight at 4°C with primary antibodies against
Wnt3a (1:100), B-catenin (1:250), cyclin DI (1:50), RUNX?2
(1:400) and OPN (1:500). Subsequently, the cells were incu-
bated with a fluorescence-conjugated secondary antibody
(1:800; cat. no. SA00007-2; Proteintech, Inc.) for 1.5 h at
room temperature. Nuclei were stained with DAPI (OriGene
Technologies, Inc.) for 3 min at room temperature. The
presence of the proteins was examined under a fluorescence
microscope (Olympus Corporation) at x400.

Alkaline phosphatase (ALP) staining. Cells in good condition
were selected, plated on 24-well plates, and cultured (37°C,
5% CO,) in osteogenic differentiation medium containing
80 ng/ml IGF-1 for 7 days. The solution was discarded, after
which the cells were rinsed twice with PBS, incubated with
ALP fixative solution for 3 min at room temperature, and
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Figure 1. CCK-8 detects the cytotoxicity of BMSCs at various concentrations
of IGF-1. A concentration 80 ng/ml was the optimal IGF-1 concentration.
“*P<0.001 vs. 0 ng/ml. CCK-8, Cell Counting Kit-8; BMSCs, bone marrow
mesenchymal stem cells; IGF, insulin growth factor; OD, optical density.

rinsed again with PBS. Then, the cells were incubated with
the prepared 3% ALP incubation solution (Beijing Solarbio
Science & Technology Co., Ltd.) for 20 min in the dark
at 37°C, rinsed with PBS, counterstained with nuclear fast red
staining solution (Beijing Solarbio Science & Technology Co.,
Ltd.) for 5 min at room temperature, rinsed with PBS again,
and observed under a fluorescence microscope (Olympus
Corporation) at x400.

Alizarin Red staining (ARS). Cells in good condition were
selected, plated on 6-well plates, and cultured (37°C, 5% CO,)
in osteogenic differentiation medium containing 80 ng/ml
IGF-1 for 3 weeks. After the culture medium was discarded,
the cells were rinsed twice with PBS, fixed with 4% parafor-
maldehyde for 30 min, rinsed twice with PBS, incubated with
a 0.2% Alizarin Red (Cyagen Biosciences, Inc.) solution for
5 min at room temperature and rinsed again with PBS. The
cells were placed under an inverted fluorescence microscope
(Olympus Corporation) for observation at x400.

Statistical analysis. Quantitative data are expressed as the
means + standard deviation. The experiment was repeated
3 times, and GraphPad Prism 8 software (GraphPad Software
Inc.) was used for data analysis. Comparisons of the mean
differences between groups were performed by one-way
analysis of variance (ANOVA) with Tukey's post hoc test, and
P<0.05 was considered to indicate a statistically significant
difference.

Results

Optimal drug concentration of IGF-1. Drug toxicity was
detected by CCK-8 assay. It was revealed that cell prolif-
eration was increased with increasing IGF-1 concentration.
When the concentration was 80 ng/ml, cell proliferation
was the highest, and the difference was statistically signifi-
cant (P<0.001); a concentration of 100 ng/ml resulted in
decreased cell proliferation (Fig. 1). Therefore, 80 ng/ml was
the optimal drug concentration of IGF-1 used in subsequent
experiments.
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Figure 2. MOI value determination during lentivirus transfection. When the MOI value was 200, the fluorescence area reached 80-90%. MOI, multiplicity of

infection.
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Figure 3. BMSCs are transfected with lentivirus carrying siRNA-Wnt3a. (A) Western blotting of the protein expression level of Wnt3a. (B) Quantitative
polymerase chain reaction was used to detect the RNA expression level of Wnt3a. (C) Immunofluorescence was used to detect the expression level of Wnt3a.
“"P<0.001 vs. the EV group; “P<0.001 vs. the normal group. BMSCs, bone marrow mesenchymal stem cells; si, small interfering; EV, empty vector.

Lentiviral transfection. BMSCs were transfected with an MOI
of 25, 50, 100, and 200 for 96 h. When the MOI was 200,
the cells with green fluorescence reached 90%. (Fig. 2). In the
subsequent experiment, transfection was performed with an
MOI of 200.

BMSCs are transfected with lentivirus carrying
SiRNA-Wnt3a. BMSCs were transfected with lentivirus

carrying siRNA-Wnt3a or empty vector. WB revealed that in
the siRNA-Wnt3a group, the Wnt3a protein level was signifi-
cantly lower than that in the empty vector group and the
normal group (P<0.001 vs. both groups), but the difference
between the empty vector group and the normal group was
not significant (Fig. 3A). It was revealed by qPCR that the
RNA level of Wnt3a in the siRNA-Wnt3a group was signifi-
cantly lower than that in the empty vector group and the
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Figure 4. By inhibiting the Wnt/$-catenin pathway, IGF-1 reduces the proliferation of BMSCs. BMSCs were transfected with empty vector or the siRNA-Wnt3a
gene. Then, the cells were treated with IGF-1 (80 ng/ml). (A) The proliferation of the cells for 5 consecutive days using a fluorescence microscope. (B) CCK-8
was used to detect the proliferation of BMSCs. (C) Cell cycle detection assays were used to detect the proliferation of BMSCs. (D and E) p-Catenin and
cyclin D1 protein expression was determined by western blotting. (F) The relative mRNA expression of 3-catenin and cyclin D1 was evaluated by quantitative
polymerase chain reaction. (G) Immunofluorescence was used to detect the expression of B-catenin and cyclin D1 in BMSCs. ““P<0.001 vs. IGF-1 + EV.
IGF, insulin growth factor; BMSCs, bone marrow mesenchymal stem cells; CCK-8, Cell Counting Kit-8; si, small interfering; EV, empty vector.

normal group (P<0.001 vs. both groups), with no significant
difference between the empty vector group and the normal
group (Fig. 3B). In subsequent experiments, the empty vector
group served as the control group. IF also revealed that the
Whnt3a protein expression level in the siRNA-Wnt3a group
was significantly lower than that in the empty vector group
(Fig. 3C).

After blocking Wnt3a, IGF-1 decreases the proliferation of
BMSCs. Cells in each group were treated with IGF-1. It was
revealed that in the IGF-1 + siRNA-Wnt3a group, cell prolifera-
tion was significantly slower than that in the IGF-1 + EV group

(Fig. 4A). The CCK-8 assay verified that cell proliferation in
the IGF-1 + siRNA-Wnt3a group was significantly decreased
(P<0.001) (Fig. 4B). Flow cytometry was used to investigate the
cell cycle, and the proliferation index was revealed to be signif-
icantly different between the two groups (P<0.001) (Fig. 4C).
WB revealed that the protein levels of B-catenin and cyclin D1
in the IGF-1 + siRNA-Wnt3a group were significantly lower
than those in the control group (P<0.001) (Fig. 4D and E).
Based on qPCR, RNA levels of (3-catenin and cyclin D1 were
significantly lower in the IGF-1 + siRNA-Wnt3a group than in
the control group (P<0.001) (Fig. 4F). IF also confirmed that
the fluorescence intensity of f-catenin and cyclin DI in the
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Figure 5. By inhibiting the Wnt/B-catenin pathway, IGF-1 reduces the osteogenic differentiation of BMSCs. BMSCs were transfected with empty vector or the
siRNA-Wnt3a gene. Then, the cells were treated with IGF-1 (80 ng/ml). (A) Alkaline phosphatase staining of BMSCs for 1 week. (B) Alizarin Red staining of
BMSC:s for 3 weeks. (C) -catenin, RUNX2 and OPN protein expression was determined by western blotting for 1 week. (D) The relative mRNA expression of
p-catenin, RUNX2, and OPN was evaluated by quantitative polymerase chain reaction for 1 week. (E) Immunofluorescence was used to detect the expression

of B-catenin, RUNX2 and OPN in BMSCs for 1 week. ™

“P<0.001 vs. IGF-1 + EV. IGF, insulin growth factor; BMSCs, bone marrow mesenchymal stem cells;

RUNX2, runt-related transcription factor 2; OPN, osteopontin; si, small interfering; EV, empty vector.

IGF-1 + siRNA-Wnt3a group was significantly lower than that
in the control group (Fig. 4G).

After blocking Wnt3a, IGF-1 decreases the osteogenic
differentiation of BMSCs. Cells of each group were stained with
ALP for 7 days after osteogenic differentiation and staining in
the IGF-1 + siRNA-Wnt3a group was weaker than that in the
control group (Fig. 5A). Cells were also stained with ARS for
21 days after osteogenic differentiation, which revealed that the
number and area of reddish-brown mineralized nodules in the
IGF-1 + siRNA-Wnt3a group were markedly lower than those
in the control group (Fig. 5B). WB and qPCR revealed that

the protein and RNA levels of B-catenin, RUNX2 and OPN
were significantly different between the two groups (P<0.001)
(Fig. 5C and D). IF indicated that the fluorescence intensity
of p-catenin, RUNX2 and OPN was markedly weaker in the
IGF-1 + siRNA-Wnt3a group than in the IGF-1 + EV group
(Fig. 5E).

Discussion
In the present study, it was revealed that IGF-1 enhanced the

proliferation and osteogenic differentiation of BMSCs. When
Wnt3a gene expression in BMSCs was inhibited, the ability of
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IGF-1 to promote the proliferation and osteogenic differentia-
tion of BMSCs was reduced. A study has confirmed that the
Wnt/B-catenin pathway plays an important role in the process
by which IGF-1 promotes the proliferation and osteogenic
differentiation of BMSCs (15).

BMSCs are nonhematopoietic stem cells with multi-
lineage differentiation potential that exist in a variety of
tissues (16). In particular, their ability to differentiate into
bone cells has become a research focus in recent years.
IGF-1 is a type of growth factor that plays an important role
in regulating the proliferation, differentiation and apoptosis
of tissue cells (17). Previous studies have also reported that
IGF-1 could regulate the proliferation, differentiation and
apoptosis of BMSCs through the STAT3/Akt, ERK1/2,
BMP2, PI3K/AKT signaling pathways (18,19). However,
there are few reports on the role of Wnt/f-catenin pathway
in these processes. In the present study, it was mainly
investigated whether IGF-1 regulates the proliferation
and differentiation of BMSCs through the Wnt/f3-catenin
pathway.

A lentivirus carrying siRNA-Wnt3a was transfected into
BMSCs to silence Wnt3a gene expression. The lentiviral
vector is a gene therapy vector, which is developed based on
human immunodeficiency type I virus (HIV-I). It can infect
nondividing cells, integrate large fragments of exogenous
genes into chromosomes and support long-term stable expres-
sion (20). In the present study, WB, qPCR and IF confirmed
that Wnt3a protein and RNA levels were significantly lower
in the siRNA-Wnt3a group than in the control group. This
model provides a strong background to study the role of the
Whnt/fB-catenin pathway in IGF-1-mediated promotion of
BMSC proliferation and differentiation.

CCK-8 and cell cycle assays were used to assess cell
proliferation. The CCK-8 assay is a fast, highly sensitive,
nonradioactive colorimetric method widely used in cell prolif-
eration and toxicity (21). Cell cycle detection includes G1, G2,
and S phases, and the proliferation index (G2 + S/G1 + G2 +S)
is used to assess cell proliferation (22). In our experiments,
CCK-8 binding and the proliferation index were significantly
reduced after the Wnt/B-catenin pathway was inhibited. WB,
gPCR, and IF confirmed that -catenin and cyclin D1 were
significantly downregulated at the protein and mRNA levels.
[(-catenin is a key regulator in the Wnt/B-catenin pathway.
When Wnt3a is inhibited, B-catenin level in the cytoplasm is
decreased, inhibiting downstream pathways (23). Cyclin D1
plays an important role in cell proliferation and is a down-
stream target gene in the Wnt/f-catenin pathway (24). The
present study revealed that IGF-1 can promote the prolifera-
tion of BMSCs, which is consistent with previously reported
results (18). However, when the Wnt/B-catenin pathway was
inhibited, the proliferation of BMSCs induced by IGF-1 was
decreased. Therefore, it was concluded that IGF-1 promoted
the proliferation of BMSCs at least partially through the
Wnt/B-catenin pathway.

In addition, ALP staining and ARS were used to detect
osteogenic differentiation. ALP is a phosphatase that is
widely present in mammals and is often used as an indicator
of early osteogenic differentiation (25). Alizarin Red reacts
with calcium to produce a deep red color and is often used
as an indicator of late osteogenic differentiation (26). In the

present study, the intensity and area of ALP staining and
ARS were significantly reduced after the Wnt/f3-catenin
pathway was inhibited. WB, qPCR and IF confirmed that
B-catenin, RUNX2 and OPN were significantly downregu-
lated at the protein and mRNA levels. RUNX2 is a member
of the RUNX2 family of transcription factors, which plays
an important role in the formation and reconstruction of
bone tissue (27). OPN is a glycosylated protein that is widely
present in the extracellular matrix. It is closely related to bone
formation and development (28). In the present study, IGF-1
promoted the osteogenic differentiation of BMSCs, which
is consistent with the results of recent related study (29).
However, after the Wnt/B-catenin pathway was inhibited, the
ability of IGF-1 to promote osteogenic differentiation was
decreased. Therefore, it was inferred that IGF-1 promoted
the differentiation of BMSCs at least partially through the
Wnt/p-catenin pathway.

In the present study, the role of the Wnt/p-catenin
pathway in the mechanism by which IGF-1 promotes the
proliferation and differentiation of BMSCs was verified
through in vitro experiments. However, further in vivo
experiments are required to support our conclusions and
provide new strategies and directions for the treatment of
nonunion, bone defects and other diseases. Upon inhibition
of the Wnt/B-catenin pathway, IGF-1 promoted the prolif-
eration of BMSCs and decreased their differentiation ability.
In summary, IGF-1 at least partially promoted the prolif-
eration and osteogenic differentiation of BMSCs through the
Wnt/f-catenin pathway.
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