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Tissue engineering envisions functional substitute creation for damaged tissues. Insulin-like growth factor-1 (IGF-1) plays 
roles in bone marrow mesenchymal stem cell (BMSC) osteogenic differentiation (OD), and we investigated its specific 
mechanism. BMSCs were cultured and OD was induced. Surface antigens (CD105, CD90, CD44, CD45, CD34) were identified 
by flow cytometry. Adipogenic, chondrogenic, and osteogenic differentiation abilities of BMSCs were observed. BMSCs were 
cultured in osteogenic medium containing 80 ng/mL IGF-1 for 3 weeks. Alkaline phosphatase activity, calcification level, 
osteogenic factor (runt related protein 2 [RUNX2], osteocalcin [OCN], osterix [OSX]), total (t-) ERK1/2 and phosphorylated- 
(p-) ERK1/2 levels, and SRY-related high-mobility-group box 4 (SOX4) levels were assessed by alkaline phosphatase staining 
and Alizarin Red staining, Western blot, and reverse transcription-quantitative polymerase chain reaction. The mitogen-acti-
vated protein kinase/extracellular signal-regulated kinase (MAPK/ERK) pathway inhibitor (PD98059) was used to inhibit the 
MAPK/ERK pathway in IGF-1-treated BMSCs. Small interfering-SOX4 was transfected into BMSCs to down-regulate SOX4. 
IGF-1 increased alkaline phosphatase activity, cell calcification, and osteogenic factor (RUNX2, OCN, OSX) levels in BMSCs, 
indicating that IGF-1 induced rat BMSC OD. SOX4, and p-ERK1/2 and t-ERK1/2 levels were elevated in IGF-1-induced 
BMSCs, which were annulled by PD98059. PD98059 partly averted IGF-1-induced rat BMSC OD. SOX4 levels, alkaline phos-
phatase activity, cell calcification, and osteogenic factor (RUNX2, OCN, OSX) levels were reduced after SOX4 down-regulation, 
showing that downregulation of SOX4 averted the effect of IGF-1 on inducing rat BMSC OD. IGF-1 induced rat BMSC 
OD by stimulating SOX4 via the MAPK/ERK pathway.

Keywords: Insulin-like growth factor I, Bone marrow mesenchymal stem cells, MAPK/ERK, SRY-related high-mobility- group 
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Introduction 

  Bone marrow mesenchymal stem cells (BMSCs) are a 
type of adult stem cells known for their multi-directional 
differentiation potential and high proliferative activity, 
which are widely found in mammalian bone marrow and 
periosteum, and have the ability to differentiate into vari-
ous cells such as osteoblasts, chondroblasts, nerve cells, 
and adipocytes under appropriate induction conditions (1, 
2). Due to the considerable plasticity of BMSCs, they are 
considered the optimal choice for seed cells in bone tissue 
engineering, and are currently applied for the repair of 
bone defects, and the promotion of osteogenesis and other 
related diseases (3, 4).
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  ERK1/2 pathway activation regulates osteogenic differ-
entiation (OD) by modulating transcription factors in the 
nucleus, such as osterix (OSX) and runt related protein 
2 (RUNX2), and osteocalcin (OCN) is a marker of late os-
teoblast differentiation (5). Insulin-like growth factor-1 
(IGF-1) is a principal functional peptide involved in the 
differentiation and growth of cells, and extracellular ma-
trix protein expression patterns, which also exerts an es-
sential effect on bone remodeling and formation (6). Recen-
tly, IGF-1 has been confirmed to stimulate OD of rat mes-
enchymal stem cells (MSCs) (7). IGF-I promotes prolifera-
tion and OD of BMSCs (8). Mitogen-activated protein kin-
ase (MAPK), a class of serine/threonine protein kinases that 
are widely present in eukaryotic cells, is implicated in var-
ious physiological processes such as apoptosis, differentia-
tion, and proliferation of cells (9). Resveratrol activates 
the extracellular signal-regulated kinase (ERK)/Wnt path-
way to stimulate the OD and proliferative capacities of 
gingival-derived MSCs, thus mitigating periodontitis (10). 
Eucalyptol induces MC3T3-E1 (osteoblast cell line) OD 
and primary calcified osteoblasts via ERK phosphoryla-
tion (11). Platelet factor 4 represses BMSC OD via suppre-
ssing the ITGA5-FAK-ERK pathway, thus leading to bone 
loss (12). Moreover, IGF-1 activates the MAPK/ERK pathway 
(13). However, the specific mechanism of whether IGF-1 
affects BMSC OD through the MAPK/ERK pathway re-
mains unknown. 
  SRY-related high-mobility-group box (SOX) transcription 
factors exert a pivotal effect on determining cell differ-
entiation and cell fate in the process of development (14). 
SOX4 controls skeletal growth and patterning and facili-
tates the survival of skeletal progenitor cells (15). SOX4 ex-
pression in MC3T3-E1 cells is up-regulated by the aqueous 
extract of Eucommia leaves, thereby promoting OD (16). 
Consequently, we postulated that IGF-1 induced OD of 
BMSCs by facilitating SOX4 expression via the MAPK/ 
ERK pathway. However, the mechanism of IGF-1 in pro-
moting rat BMSC OD by promoting SOX4 via the MAPK/ 
ERK pathway has not been reported. The objective of this 
study was to examine the mechanism by which IGF-1 in-
duced rat BMSC OD by facilitating SOX4 expression via 
the MAPK/ERK pathway. This investigation aims to offer 
a novel approach to enhance the therapeutic efficacy of 
BMSCs in bone tissue engineering.

Materials and Methods

Rat BMSC culture and identification
  Rat BMSCs were purchased from MingBo Co., Ltd. and 
verified and tested by the short tandem repeat method. 

BMSCs were cultured in the Dulbecco’s modified Eagle 
medium (Gibco) containing 10% fetal bovine serum (Gibco) 
and 1% penicillin-streptomycin (Shanghai Yuanye Bio-Te-
chnology Co., Ltd.) in an incubator at 37℃ and 5% CO2, 
and incubated to the 4th generation and 80% confluence.
  The adipogenic, chondrogenic, and osteogenic differen-
tiation abilities of the fourth-generation BMSCs were eva-
luated. (a) For adipogenic differentiation, BMSCs (2×104) 
were seeded onto 6-well plates and sequentially fostered 
in adipogenic differentiation medium ADP1 (Procell) for 
3 days and adipogenic differentiation medium ADP2 
(Procell) for 1 day, with the operation repeated thrice. Cells 
were subjected to paraformaldehyde (4%) fixation and stain-
ing with Oil Red O (Sigma-Aldrich) for 30 minutes. Next, 
cells were observed under an inverted microscope (Olympus). 
(b) In chondrogenic differentiation, BMSCs (5×105) were 
seeded onto 6-well plates and fostered in chondrogenic dif-
ferentiation medium (Procell) for 3 weeks. Cells were sub-
jected to fixation in 4% paraformaldehyde, followed by 
staining with alcian blue (Procell) for 30 minutes. An 
Olympus inverted microscope was used to observe the 
cells. (c) For OD, 2×104 BMSCs were seeded onto 6-well 
plates. After culture in osteogenic medium (OM; Procell) 
for 3 weeks, cells were fixed in paraformaldehyde (4%). 
Subsequently, cells were stained with Alizarin Red (Procell) 
for 10 minutes and observed under an inverted microscope 
to observe mineralized nodule formation.

Cell transfection and grouping
  BMSCs were allocated into the following 6 groups: blank 
group (BMSCs cultured in OM), IGF-1 group (cultured 
in OM containing 80 ng/mL IGF-1 [PeproTech] for 3 
weeks) (8), IGF-1＋PD98059 group (fostered with OM 
containing 10 μm PD98059 and 80 ng/mL IGF-1 for 3 
weeks) (17), IGF-1＋dimethyl sulfoxide (DMSO) group (cul-
tured with OM containing 80 ng/mL IGF-1 and the same 
amount of DMSO as PD98059 for 3 weeks), IGF-1＋lenti-
viral (LV)-small interfering (si)-SOX4 group (transfected 
with si-SOX4 plasmid and cultured with OM containing 
80 ng/mL IGF-1 for 3 weeks), IGF-1＋LV-si-negative con-
trol (NC) group (transfected with si-NC plasmid and cul-
tured with OM containing 80 ng/mL IGF-1 for 3 weeks). 
  The 10 nmol/L si-SOX4 and si-NC lentivirus plasmids 
(GenePharma) were transfected into cells using Lipofecta-
mine 2000 (Invitrogen) at a final concentration of 3.75 μL/ 
mL (18). PD98059 (MedChemExpress) was an inhibitor 
of the MAPK/ERK pathway, and DMSO was used as the 
solvent control.
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Table 1. Reverse transcription-quantitative polymerase chain re-
action primer sequences

Name of primer Sequences (5’-3’)

SOX4 F: GAAGATGACCTGCTCGACCT
R: GTGCAATAGTCCGGGAACTC

GAPDH F: GGCAAGTTCAACGGCACAG
R: CGCCAGTAGACTCCACGACAT

SOX4: SRY-relatedhigh-mobility-group box 4, GAPDH: glycer-
aldehyde-3-phosphate dehydrogenase, F: forward, R: reverse.

Flow cytometry
  BMSC-specific cell surface marker levels were assessed 
by fluorescence-activated cell sorting (FACS). CD105, CD90, 
and CD44 are known markers of BMSCs, and CD45 and 
CD34 are markers of hematopoietic cells. In addition, 
CD34 is partially expressed in some BMSCs. Cells were 
incubated and separated by trypsin, washed with phos-
phate buffer saline (PBS), and then labeled with fluore-
scent antibodies (CD105-fluorescein isothiocyanate [FITC], 
CD90-FITC, CD44-FITC, CD45-FITC, CD34-FITC; Bio-
Legend). Then, the cells incubated with antibodies were 
analyzed using a BD FACSCalibur flow cytometer (BD 
Biosciences) to analyze.

Reverse transcription-quantitative polymerase chain 
reaction
  Total RNA was extracted from cells using the TRizol 
Reagent (Thermo Fisher Scientific). RNA concentration was 
determined using a spectrophotometer (Thermo Fisher 
Scientific). High-capacity cDNA reverse transcription kit 
(Thermo Fisher Scientific) was employed for cDNA syn-
thesis. The ABI ViiATM 7 System (Applied Biosystems) was 
applied for reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR) analysis. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as the internal 
reference for SOX4. Data were analyzed using the 2−ΔΔCt 
method. The primers are shown in Table 1.

Western blot
  Total protein solution in RIPA buffer (Beyotime) was 
lysed and extracted. Protein concentration was determined 
using the bicinchoninic acidTM Protein Assay Kit (Pierce). 
The protein (50 μg) was separated using sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (Thermo Fisher 
Scientific). Then, the separated protein was transferred to 
the polyvinylidene fluoride membranes (Millipore) and in-
cubated with primary antibodies anti-SOX4 (PA5-72852, 
1/1,000; Invitrogen), anti-RUNX2 (PA5-87299, 1/1,000; Invi-
trogen), anti-OCN (PA5-96529, 1/1,000; Invitrogen), anti- 
OSX (ab209484, 1/1,000; Abcam), anti-ERK1/2 (ab184699, 1/ 
10,000; Abcam), anti-phosphorylated- (p-) ERK1/2 (ab201015, 
1/1,000; Abcam), anti-GAPDH (ab181602, 1：10,000; Ab-
cam) overnight at 4℃. After TBST (TBS＋Tween) washing, 
the membranes were incubated with the secondary antibody 
goat anti-rabbit (immunoglobulin G, 1：2,000, ab205718; 
Abcam) coupled with horseradish peroxidase for 1 hour, and 
detected with enhanced chemiluminescence. With GAPDH 
as the internal reference, the optical value of the band was 
analyzed using the ImageJ software (National Institutes of 
Health).

Alkaline phosphatase staining and Alizarin Red staining
  After 3 weeks of OD induction, cells were fixed with 4% 
paraformaldehyde (Beyotime) for 30 minutes and washed 
with PBS (Beyotime) 3 times. The alkaline phosphatase 
(ALP) activity of cells was measured according to the in-
structions of the ALP activity assay kit (Beyotime) and 
then observed under a microscope (Olympus). The quantity 
of ALP staining was calculated using the ImageJ software.
  After 3 weeks of OD induction, cells were fixed with 
4% paraformaldehyde for 30 minutes and washed with 
PBS 3 times. BMSCs were stained with Alizarin Red stain-
ing (ARS) solution (pH 4.3) (Beijing Baiao Laibo Techno-
logy) at room temperature for 10 minutes and then rinsed 
in PBS 3 times. Calcium salt deposition was observed un-
der a microscope. The proportion of ARS staining areas 
was calculated using the ImageJ software.

Statistical analysis
  Prism 8.01 (GraphPad Software Inc.) was applied for 
data analysis and mapping. Data were expressed as mean± 
SD. Independent t-test was employed for comparisons be-
tween 2 groups. One-way ANOVA was employed for com-
parisons among groups, followed by Tukey’s multiple 
comparisons test. p＜0.05 was indicative of a statistically 
significant difference.

Results

IGF-1 induced OD of rat BMSCs
  BMSCs were incubated to the 4th generation in vitro, 
and observed under a microscope, with results demonstra-
ting that cells were spindle-shaped and arranged in a vor-
tex (Supplementary Fig. S1A). BMSCs were characterized 
by flow cytometry to assess the expression patterns of the 
markers. The positive rates of BMSCs mesenchymal mark-
ers CD105, CD90, and CD44 were more than 95%, and 
positive rates of hematopoietic cell surface markers CD34 
and CD45 were less than 2%, which were negative (Supple-
mentary Fig. S1B). Additionally, BMSCs could differen-
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Fig. 1. Insulin-like growth factor-1 (IGF-1) induced rat bone marrow mesenchymal stem cell (BMSC) osteogenic differentiation. (A) Alkaline 
phosphatase (ALP) activity of cells was assessed by ALP staining. (B) Calcification level of cells was determined by Alizarin Red staining. 
(C) Runt related protein 2 (RUNX2), osteocalcin (OCN), and osterix (OSX) protein levels in BMSCs were measured by Western blot. The 
cellular experiments were independently repeated three times. Data were expressed as mean±SD. Comparisons between the two groups 
were performed by independent sample t-test. GAPDH: glyceraldehyde-3-phosphate dehydrogenase. *p＜0.05, **p＜0.01.

Fig. 2. Insulin-like growth factor-1 (IGF-1) up-regulated SRY-related high-mobility-group box 4 (SOX4) expression by activating the mi-
togen-activated protein kinase/extracellular signal-regulated kinase (MAPK/ERK) pathway. (A) Total- (t-) ERK1/2 and phosphorylated- (p-) ERK1/2 
levels in bone marrow mesenchymal stem cells (BMSCs) were assessed by Western blot. (B) SOX4 mRNA expression in BMSCs was measured 
by reverse transcription-quantitative polymerase chain reaction. (C) SOX4 protein expression in BMSCs was determined by Western blot. 
The cellular experiments were independently repeated three times. Data were expressed as mean±SD. One-way ANOVA was applied for 
comparisons among groups, followed by Tukey’s test. GAPDH: glyceraldehyde-3-phosphate dehydrogenase, DMSO: dimethyl sulfoxide. *p＜
0.05, **p＜0.01, ***p＜0.001.

tiate into adipocytes, chondrocytes, and osteoblasts in the 
adipogenic, chondrogenic, and osteogenic differentiation 
induction culture system (Supplementary Fig. S1C). IGF- 
1 pitches in the proliferation and OD of BMSCs, but the 
exact mechanism remains elusive (8). The cells were in-
duced by OM and treated with 80 ng/mL IGF-1. Then, 
ALP activity was detected by ALP staining and calcifica-

tion level of cells was assessed by ARS. ALP activity of 
cells was enhanced (p＜0.01; Fig. 1A) and calcification 
level was elevated (p＜0.01; Fig. 1B) in the IGF-1 group 
vs. the blank group. Further determination by Western 
blot uncovered that compared with the blank group, pro-
tein levels of RUNX2, OCN, and OSX in the IGF-1 group 
were elevated (p＜0.01; Fig. 1C). These results suggested 
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Fig. 3. The mitogen-activated protein kinase/extracellular signal-regulated kinase (MAPK/ERK) pathway inhibition partially nullified the in-
duction of insulin-like growth factor-1 (IGF-1) on rat bone marrow mesenchymal stem cell osteogenic differentiation. (A) Alkaline phosphatase 
(ALP) activity of cells was detected by ALP staining. (B) Calcification level of cells was determined by Alizarin Red staining. (C) Runt 
related protein 2 (RUNX2), osteocalcin (OCN), and osterix (OSX) levels were measured by Western blot. The cellular experiments were 
independently repeated three times. Data were expressed as the mean±SD. One-way ANOVA was adopted for comparisons among groups, 
followed by Tukey’s test. DMSO: dimethyl sulfoxide, GAPDH: glyceraldehyde-3-phosphate dehydrogenase. *p＜0.05, **p＜0.01.

that IGF-1 induced rat BMSC OD.

IGF-1 up-regulated SOX4 expression by activating the 
MAPK/ERK pathway
  Previous results confirmed that IGF-1 induced rat BMSC 
OD, but its underlying mechanism was still unclear. The 
MAPK/ERK pathway regulates OD (11). Therefore, we 
speculated that IGF-1 might induce rat BMSC OD by reg-
ulating the MAPK/ERK pathway. total- (t-) ERK1/2 and 
p-ERK1/2 levels in BMSCs were measured by Western 

blot. In contrast to the blank group, p-ERK1/2 and t- 
ERK1/2 levels in BMSCs of the IGF-1 group were facili-
tated (p＜0.01; Fig. 2A). SOX4 facilitates OD of MC3T3- 
E1 cells (16). RT-qPCR and Western blot revealed high 
SOX4 levels in BMSCs of the IGF-1 group than those of 
the blank group (all p＜0.01; Fig. 2B, 2C). PD98059 was 
used to subdue the MAPK/ERK pathway in IGF-1-treated 
BMSCs. Relative to the IGF-1＋DMSO group, p-ERK1/2, 
t-ERK1/2, and SOX4 mRNA and protein levels were abat-
ed in BMSCs in the IGF-1＋PD98059 group (all p＜0.05; 
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Fig. 4. Knockdown of SRY-related high-mobility-group box 4 (SOX4) partially reversed the effect of insulin-like growth factor-1 (IGF-1) on 
inducing rat bone marrow mesenchymal stem cell (BMSC) osteogenic differentiation. (A) SOX4 mRNA expression in BMSCs was assessed 
by reverse transcription-quantitative polymerase chain reaction. (B) SOX4 protein level in BMSCs was determined by Western blot. (C) 
Alkaline phosphatase (ALP) activity of cells was measured by ALP staining. (D) Calcification level of cells was measured by Alizarin Red 
staining. (E) Runt related protein 2 (RUNX2), osteocalcin (OCN), and osterix (OSX) protein levels in BMSCs were assessed by Western 
blot. The cellular experiments were independently repeated three times. Data were expressed as the mean±SD. One-way ANOVA was 
adopted for comparisons among groups, followed by Tukey’s test. GAPDH: glyceraldehyde-3-phosphate dehydrogenase, si: small interfering. 
*p＜0.05, ***p＜0.001.

Fig. 2). These results suggested that IGF-1 promoted SOX4 
expression levels by activating the MAPK/ERK pathway.

The MAPK/ERK pathway inhibition partially abrogated 
the induction of IGF-1 on rat BMSC OD
  To further verify the role of suppression of the MAPK/ 
ERK pathway in IGF-1-induced BMSC OD, the ALP ac-
tivity of cells was further determined by ALP staining and 

the calcification level of cells was detected by ARS stai-
ning. Compared with the IGF-1＋DMSO group, ALP acti-
vity of cells was prominently weakened (p＜0.05; Fig. 3A) 
and calcification level was reduced (p＜0.05; Fig. 3B), and 
RUNX2, OCN, and OSX protein levels in cells were di-
minished in the IGF-1＋PD98059 group (all p＜0.05; Fig. 
3C). Altogether, the MAPK/ERK pathway repression par-
tially reversed the induction of IGF-1 on rat BMSC OD.
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Suppression of SOX4 partially abrogated the induction 
of IGF-1 on rat BMSC OD
  To further demonstrate whether SOX4 downregulation 
diminished the induction of IGF-1 on rat BMSC OD, si- 
SOX4 lentivirus plasmid was transfected into BMSCs to 
repress SOX4 expression. SOX4 mRNA and protein levels 
were abated (all p＜0.05; Fig. 4A, 4B), ALP activity was 
hindered (p＜0.05; Fig. 4C), calcification level was reduced 
(p＜0.05; Fig. 4D), and RUNX2, OCN, and OSX levels 
were decreased in cells in the IGF-1＋LV-si-SOX4 group 
vs. the IGF-1＋LV-si-NC group (all p＜0.05; Fig. 4E). 
Overall, SOX4 downregulation partially abrogated the in-
duction of IGF-1 on rat BMSC OD.

Discussion

  The study discovered that IGF-1 elevated the expression 
of SOX4 by activating the MAPK/ERK pathway, con-
sequently promoting rat BMSC OD.
  MSCs, which can differentiate directly into bone cells, 
attract and recruit other cells, or create a regenerative en-
vironment by producing nutritive growth factors, also play 
a pivotal role in the bone healing process (19). BMSCs have 
a principal effect on the remodeling, development, and re-
generation of bones (20). Evidence has shown that IGF-1 
is a vital regulator of bone metabolism and remodeling and 
plays an imperative role in the maintenance and achieve-
ment of bone mass throughout life (21). Preceding refer-
ence reported that miR-222-3p and miR-221-3p suppress 
the OD of BMSCs through the IGF-1/ERK pathway under 
high-glucose (22). Our results elicited that BMSCs treated 
with IGF-1 manifested boosted calcification level, ALP ac-
tivity, and protein levels of osteogenic factors RUNX2, 
OCN, and OSX. Consistently, cotransfection with IGF-1 
and osteogenic protein-1 stimulates ALP activity and pro-
motes OD (23). IGF-1 promotes mineralization of bone 
and up-regulates RUNX2 and OCN (24). As a multifunc-
tional peptide involved in the differentiation and prolife-
ration of cells, IGF-1 induces strong OD in BMSCs (25). 
To conclude, IGF-1 induced the OD of rat BMSCs.
  The MAPK/ERK pathway plays a vital part in manipu-
lating OD by facilitating RUNX2 activity (26-28). miR- 
210-3p represses BMSC OD by constraining the MAPK 
pathway and targeting KRAS (29). Jin et al. (30) demon-
strated that activation of the ERK pathway facilitated OD 
of human adipose derived stem cells. The aqueous extract 
of Eucommia aurantium elevates SOX4 level in osteoblast- 
like MC3T3-E1 cells, thereby stimulating OD (16). We spe-
culated that IGF-1 might induce OD of BMSCs by modu-
lating the MAPK/ERK pathway. Our findings elaborated 

that IGF-1 raised p-ERK1/2, t-ERK1/2, and SOX4 levels, 
which were averted by the MAPK/ERK pathway inhibitor. 
Likewise, IGF-1 promotes the OD and proliferation of hu-
man dental pulp stem cells via activating the MAPK path-
way (31). IGF-1 promotes alveolar osteoblast proliferation 
through the MAPK pathway activation (32). IGF-1 facili-
tates OD of rat MSCs by increasing transcriptional coac-
tivator with PDZ-binding motif expression via the MEK- 
ERK pathway (7). IGF-1 triggers OD and osteogenesis of 
STRO-1(＋) periodontal ligament stem cells through JNK 
MAPK and ERK pathways (33). Altogether, IGF-1 facili-
tated SOX4 levels by activating the MAPK/ERK pathway.
  To further investigate whether IGF-1 induced OD of rat 
BMSCs, we inhibited the MAPK/ERK pathway using its 
inhibitor PD98059 in BMSCs treated with IGF-1 and dis-
covered that ALP activity and calcification level were re-
pressed, and the protein levels of RUNX2, OCN, and OSX 
were diminished. Inactivation of the ERK pathway sup-
presses the promotion of MC3T3-E1 OD by Nell-1 (34). 
Blockade of the MAPK/ERK pathway inhibits p-ERK pro-
tein expression and reduces osteogenic gene expression 
and ALP levels of BMSCs (35). Briefly, the MAPK/ERK 
pathway inhibitor partially abrogated the induction of IGF-1 
on OD of rat BMSCs. Furthermore, to further investigate 
whether downregulation of SOX4 diminished the induc-
tion of IGF-1 on OD in rat BMSCs, we transfected BMSCs 
with si-SOX4 lentivirus plasmid to suppress SOX4 expre-
ssion. Our results manifested that SOX4 mRNA and pro-
tein expression levels, ALP activity, and calcification level 
were repressed, and the protein levels of RUNX2, OCN, 
and OSX were inhibited. It has been documented that 
knockdown of SOX4 in osteoblasts impedes OD and re-
duces proliferative ability of progenitor cells (15). Taken 
together, silencing of SOX4 partially counteracted the ef-
fect of IGF-1 on OD of rat BMSCs.
  In summary, this study supported that IGF-1 induced 
the OD of rat BMSCs by promoting SOX4 via the MAPK/ 
ERK pathway. However, we only studied the effect of IGF-1 
on the OD in rat BMSCs without in vivo verification. In 
the future, we will further study whether IGF-1 can ach-
ieve similar effects in animals and whether IGF-1 can be 
used for the repair of bone defects, and the promotion of 
osteogenesis, and other related diseases.
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