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Abstract. Osteoblasts are a prerequisite for osteogenesis and 
bone formation, and play a key role in metabolic balance, 
growth, development and wound repair. G protein‑coupled 
receptor kinase interacting protein 1 (GIT1) and a series of 
miRNAs are known to have important effects in the growth 
and migration of osteoblasts, but little is known about micro 
RNAs (miRNAs) targeting GIT1. The present study found that 
miR‑125a‑3p has matching sites on GIT1. In the osteoblastic 
differentiation process of human bone marrow‑derived mesen-
chymal stem cells (HMSCs), the expression of miR‑125a‑3p 
was suppressed compared with that in non‑differentiating 
(HMSCs) while the expression of GIT1 showed a gradual and 
significant increase. Thus, miR‑125a‑3p expression was nega-
tively correlated with the expression of GIT1. Following the 
transfection of human osteoblasts with miR‑125a‑3p mimics 
and inhibitors, respectively, the effect on GIT1 expression was 
opposite to the change of miR‑125a‑3p expression. In addition, 
the impact of miR‑125a‑3p and GIT1 on osteoblastic prolifera-
tion and differentiation was detected, and the results indicated 
that miR‑125a‑3p targetedly regulated GIT1 expression to 
inhibit osteoblastic proliferation and differentiation. These 
findings may provide a theoretical basis for clarifying the 
physiological and pathological role of miRNAs in osteoblast 
differentiation and maturation processes, and for the physi-
ological and pathological investigation of bone. 

Introduction

Osteoblasts, which are amongst the most important cells in 
the bone development and remodeling process, are responsible 

for the synthesis, secretion and mineralization of bone matrix 
and have an important effect in bone development, matura-
tion, repair and remodeling (1,2). Mesenchymal stem cells 
(MSCs) first differentiated into osteoprogenitor cells, then into 
preosteoblasts, osteoblasts, and finally into osteocytes (3).

G protein‑coupled receptor kinase interacting protein 1 
(GIT1) is widely present in mammals and birds and exists 
mainly in the focal adhesion and cytoplasmic complex 
structure of cells (4). It plays an important role in cell growth 
and migration through interaction with a variety of proteins, 
including Rac1, p21‑activated kinase, phospholipase C and 
paxillin (5). A previous study has indicated that GIT1 can be 
expressed in both osteoblasts and osteoclasts (6), suggesting 
that GIT1 may be involved in the bone metabolic process. 
Cell spreading and Boyden chamber assays have shown that 
GIT1 (Y321F) mutant inhibits the motility and migration of 
osteoblasts induced by platelet‑derived growth factor (PDGF), 
and it has been demonstrated that phosphorylation of GIT1 
tyrosine 321 is required for association with focal adhesion 
kinase at focal adhesions and for PDGF‑activated migration 
of osteoblasts (7). Therefore, GIT1 possesses a vital function 
in osteoblasts.

MicroRNA (miRNA), an endogenous non‑coding 
single‑stranded small RNA, exists extensively in the biological 
genome. It is able to pair with and bind to 3' untranslated regions 
(3'UTRs) of the targeted mRNA incompletely to degrade 
mRNA or repress the translation of mRNA, and is involved in 
regulating more than half of all gene expression (8). In addition, 
miRNA is an important post‑transcriptional regulatory factor 
and plays an extensive and important role in cell proliferation, 
differentiation, apoptosis, tissues development, oncogenesis 
and other physiological processes (9). Studies have shown that 
miRNAs also have a significant regulatory effect on osteo-
blastic differentiation and bone development (10,11). In the 
osteoblast differentiation process, miRNA closely associated 
with this process, known as ‘osteomiRs’, are present, which can 
regulate the differentiation process via many pathways (11,12). 
For example, in the late stage of osteoblast differentiation, 
which is the bone matrix deposition and mineralization phase, 
miR‑29a and miR‑29c inhibit the expression of the marker gene 
osteonectin so as to regulate the bone remodeling process (13).

Nevertheless, studies concerning miRNAs targeting GIT1 
are rare and, to the best of our knowledge, no studies have 
involved miRNAs and GIT1 in osteoblasts. Given the impor-
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tant role of GIT1, the present study aimed to investigate the 
regulatory relationship and the interaction between GTI1 and 
relevant miRNA in osteoblasts.

Materials and methods

Cell culture and osteoblastic dif ferentiation. Bone 
marrow‑derived human MSCs (HMSCs) and human osteo-
blasts were purchased from ScienCell Research Laboratories, 
Inc. (Carlsbad, CA, USA). HMSCs were cultured in mesen-
chymal stem cell medium (MSCM; cat. no. 7501; ScienCell 
Research Laboratories, Inc.), and osteoblasts were cultured in 
osteoblast medium (ObM; cat. no. 4601; ScienCell Research 
Laboratories, Inc.). Osteoblastic differentiation was induced 
by changing to media containing 10% FBS supplemented 
with 100 ng/ml bone morphogenetic protein 2 (BMP‑2; R&D 
Systems, Inc., Minneapolis, MN, USA).

Overexpression vector construction and transfection. TRIzol 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used 
to extract RNA from osteoblasts according to the instructions 
of the manufacturer. Following this, the RNA was subjected 
to reverse transcription‑polymerase chain reaction (RT‑PCR) 
to amplify the coding region of GIT1 using an Advantage RT 
for PCR kit (Takara Biotechnology Co., Ltd., Dalian, China). 
The product was digested with KpnI and EcoRI (Takara 
Biotechnology Co., Ltd.), and cloned into pcDNA3.1 vectors 
(Thermo Fisher Scientific, Inc.), sequenced and verified in a 
3730xl DNA Analyzer (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The primers used for GIT1 amplification are 
shown in Table I. Transfection of human osteoblasts was carried 
out using Lipofectamine 2000, following the instructions of 
the manufacturer (Thermo Fisher Scientific, Inc.,) in 6‑well 
cell culture plates when the cell confluence reached ~70%. The 
concentration of GIT1 overexpression vector for transfection 
was 4 µg/well, and that of human GIT1 small interfering RNA 
(siRNA; sc‑35,477; Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA), miR‑125a‑3p mimics and inhibitors (Shanghai 
GenePharma Co., Ltd., Shanghai, China) was 50 nM/well. 
For osteoblastic differentiation, the medium was replaced 4 h 
after transfection with fresh medium containing 10% FBS and 
100 ng/ml BMP‑2.

RT‑quantitative PCR (qPCR). Total RNA was isolated from 
cultured cell samples using TRIzol according to the manu-
facturer's instructions, and a mirVana miRNA Isolation kit 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was used 
to purify the miRNAs. Expression levels were measured by 
RT‑qPCR. First, cDNA was synthesized by RT using random 
and oligo‑dT primers or specific primers for miRNA‑125a‑3p 
and the GoScript Reverse Transcription System (Promega 
Corporation, Shanghai, China). Thermal cycling was 
performed as follows: one cycle of 95˚C for 5 min and 40 cycles 
of 95˚C for 30 sec, 55˚C for 30 sec and 72˚C for 30 sec. qPCR 
was conducted using the GoTaq qPCR Master mix (Promega 
Corporation) with an ABI PRISM® 7500 Sequence Detection 
system (Applied Biosystems) following the manufacturer's 
instructions. The reaction was performed at one cycle of 95˚C 
for 2 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C 
for 32 sec. For measurement of miRNA expression, specific 

primers for miRNA‑125a‑3p and U6 were used. The primer 
sequences are shown in Table I. Three independent experi-
ments were conducted for each sample. Data were analyzed 
using the 2‑ΔΔCq method (14).

Western blot analysis. Total cellular proteins were extracted 
by incubating cells in radioimmunoprecipitation assay (RIPA) 
buffer (sc‑24948; Santa Cruz Biotechnology, Inc.), separating 
the proteins (50 µg per lane) by 10% SDS‑PAGE and transfer-
ring them to nitrocellulose membranes (Bio‑Rad Laboratories, 
Inc., Shanghai, China). The membranes were blocked with 5% 
non‑fat milk for 1 h and then incubated with GIT1 (cat. no. 
2919; rabbit anti‑human polyclonal antibody; 1:1,000; Cell 
Signaling Technology, Inc., Beverly, MA, USA) or GAPDH 
(14C10) rabbit monoclonal antibody (cat. no. 2118; rabbit 
anti‑human monoclonal antibody; 1:1,000; Cell Signaling 
Technology, Inc.) in 5% non‑fat milk overnight at 4˚C. 
Immunoreactive proteins were visualized using horseradish 
peroxidase (HRP)‑conjugated secondary antibodies (cat. no. 
7074; anti‑rabbit IgG, HRP‑linked antibody; 1:7,000‑8,000 
Cell Signaling Technology, Inc.) and enhanced chemilumi-
nescence reagents (Pierce; Thermo Fisher Scientific, Inc.). 
Images were analyzed using Image‑Pro Plus 6.0 software 
(Media Cybernetics, Inc., Rockville, MD, USA). Each band 
was scanned with background correction, and values were 
averaged and expressed as the mean ± standard deviation (SD).

Dual luciferase assay. GIT1 3'UTR was cloned into the 
dual‑luciferase reporter vector psiCHECK‑2 (Promega 
Corporation), and the seed region of the miR‑125a‑3p binding 
site in the GIT1 3'UTR was mutated using a QuikChange 
II Site‑Directed Mutagenesis kit (Stratagene; Agilent 
Technologies, Inc., Santa Clara, CA, USA). For luciferase 
assay, HEK293 cells (American Type Culture Collection, 
Manassas, VA, USA) were transfected at 80% confluency in 
24‑well dishes with psiCHECK‑2 (with GIT1 3'UTR or GIT1 
3'UTR mutation), and miR‑125a‑3p mimics by Lipofectamine 
2,000. Cells were analyzed at 24 h post‑transfection. Firefly and 
Renilla luciferase activities were quantified in lysates using the 
Dual Luciferase Reporter Assay kit (Promega Corporation) 
on a Glomax 20/20 luminometer (Promega Corporation) 
according to the manufacturer's recommendations. Luciferase 
readings were corrected for background and firefly luciferase 
values were normalized to Renilla to control for transfection 
efficiency. All assays were performed in triplicate in three 
independent experiments.

Immunoprecipitation. HEK293 cells were lysed in RIPA 
buffer containing protease inhibitors (Roche Diagnostics, 
Basel, Switzerland) and centrifuged at 10,000 x g for 10 min 
at 4˚C. For immunoprecipitation, the lysates were incubated 
with monoclonal anti‑argonaute  2 (Ago2) antibody (1:50; 
cat. no. 2897; Cell Signaling Technology, Inc.) overnight 
at 4˚C. Subsequently, 5 ml hybridoma was coupled to 80 µl 
Protein‑G‑Sepharose (GE Healthcare Life Sciences, Chalfont, 
UK). Beads were subsequently incubated with 10 ml HEK293 
lysate for 5 h under constant rotation at 4˚C. After incuba-
tion, the beads were washed three times with washing buffer. 
Finally, the beads were washed once with PBS. Co‑precipitated 
RNA was extracted using phenol:chloroform:isoamyl alcohol 
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(25:24:1; cat. no. 15593‑031; Invitrogen; Thermo Fisher 
Scientific, Inc.). The RNA pellet was used for RT‑qPCR.

5‑Bromo‑2´‑deoxyuridine (BrdU) cell proliferation assay. 
BrdU assay was used to investigate the effects of miR‑125a‑3p 
and GIT1 on cell proliferation. Briefly, cultured cells were 
seeded into a 6‑well plate and incubated for 24 h. Transfections 
with miR‑125a‑3p mimics and inhibitors, plasmids and 
siRNAs were then carried out using Lipofectamine 2000. A 
BrdU Cell Proliferation Assay kit (cat. no. 6813; Cell Signaling 
Technology, Inc.) was used for the quantification of cell prolif-
eration according to the protocol provided by the manufacturer. 
Cell proliferation was expressed as a mean percentage of that 
of the control (set at 100%).

Alkaline phosphatase (ALP) measurement. Cells were 
washed twice and then lysed on ice for 30 min in lysis buffer 
composed of Mammalian Protein Extraction Reagent and 
Protease Inhibitor Cocktail (CW Biotech Co., Beijing, China). 
In the following step, lysates were collected and centrifuged 
at 10,000 x g for 10 min, and the supernatants were trans-
ferred into a new tube for the detection of ALP activity. The 
activity of ALP was measured using a commercially avail-
able Alkaline Phosphatase Assay kit (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China). Supernatants were 
also analyzed for protein concentration using a bicinchoninic 
acid (BCA) assay kit (Beyotime Institute of Biotechnology, 
Haimen, China), and ALP activity was normalized for total 
protein concentration. The absorbance values at 490  and 
570  nm, respectively for ALP and BCA analysis, were 
detected with a Multifunctional Microplate Reader (Bio‑Rad 
Laboratories, Inc.).

Enzyme‑linked immunosorbent assay (ELISA). Osteocalcin 
(OC) secretions from culture supernatants were assessed using 
an ELISA kit (cat. no. KAQ1381; Invitrogen). A 25‑µl portion 
of each sample was added to the appropriate wells, and then 
100 µl working anti‑OST‑HRP conjugate was added to all 
wells and the plates were incubated for 2 h at room tempera-
ture. Solution was thoroughly aspirated or decanted from the 
wells and discarded, and the wells were then washed 3 times. 

Chromogen solution (100 µl) to each well, and the plate was 
incubated for 30 min at room temperature in the dark. Stop 
solution (100 µl) was added to each well, and the absorbance 
of each well was read at 450 nm.

Statistical analysis. The experiments were carried out at 
least in triplicate and results were expressed as mean ± SD. 
SPSS statistical package (SPSS 17.0 for Windows; SPSS, 
Inc., Chicago, IL, USA) was used for statistical analysis. 
Differences were analyzed by non‑parametric statistical 
analysis (Mann‑Whitney U tests) between control and treated 
groups, and P<0.05 was considered to indicate a statistically 
significant difference.

Results

Prediction and verification of candidate miRNAs of GIT1. The 
software applications miRanda, TargetScanHuman, miRBase 
and miRWalk were used to predict miRNAs targeting GIT1, 
and the results revealed that miR‑125a‑3p had good matching 
sites with the GIT1 3'UTR (Fig.  1A). miR‑125b, another 
member of the miR‑125 family, was considered to be associ-
ated with osteoblast differentiation on the basis of a previous 
study (15). It has been indicated to achieve a regulatory effect 
by inhibiting the expression of the cell proliferation‑associated 
ErbB2 gene to suppress stromal cell line ST2 proliferation 
and then directly affect osteoblast differentiation  (15,16). 
Therefore, the regulatory relationship between miR‑125a‑3p 
and GIT1 in osteoblasts is worthy of further investigation.

First, a dual‑luciferase reporter assay was used to 
verify whether there are binding sites of miR‑125a‑3p 
i n  GI T1.  T he  sof t wa re  appl ica t ions  m i Ra nda 
(microrna.org/microrna/getGeneForm.do), TargetScanHuman 
(targetscan.org/vert_71/), miRBase (mirbase.org/) and miRWalk 
(zmf.umm.uni‑heidelberg.de/apps/zmf/mirwalk2/) predicted 
that  GIT1 has miR‑125a‑3p binding sites. GIT1 3'UTR 
was amplified (see Table I for primers) and cloned into the 
dual‑luciferase reporter vector psiCHECK‑2 and the potential 
target sites of miR‑125a‑3p were mutated (Fig. 1A). These two 
plasmids were then transfected into HEK293 cells together 
with miR‑125a‑3p mimics, respectively, in order to analyze the 

Table I. Sequences of primers.

Primer set	 Sense (5'‑3')	 Antisense (5'‑3')	 Product size (bp)

GIT1 CDS amplification	 GGGGTACCGCCACCATGTCCC	 CGGAATTCTCACTGCTTCTTC
	 GAAAGGGGCCG	 TCTCGGGTG
Quantitative PCR
  GAPDH	 GGTATCGTGGAAGGACTC	 GTAGAGGCAGGGATGATG	 128
  GIT1	 ATGTATGAACCTGGCTCTG	 TGAATAGATGGCGTCGTC	 114
  Runx2	 CAAGGACAGAGTCAGATTAC	 GTGGTAGAGTGGATGGAC	 119
  Osterix	 TGCTTGAGGAGGAAGTTC	 CTTTGCCCAGAGTTGTTG	 111
GIT1 3'UTR amplification	 CCGCTCGAGCCTCTCTCCCCA	 ATAAGAATGCGGCCGCTAACA	
  	 CACCCTCA	 GCTCATGGTCACTTCTTTAT	

Underlining and bold denotes restriction enzyme cutting sites. GIT1, G protein‑coupled receptor kinase interacting protein 1; CDS, coding 
sequence; PCR, polymerase chain reaction; UTR, untranslated region.
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change of luciferase expression. Cells transfected with blank 
reporter vector were taken as the control. The cells transfected 
with the vector containing GIT1 3'UTR clones showed a 
reduction of ~50% in luciferase expression level, with a statis-
tically significant difference, (P<0.01 vs. control) while those 
transfected with the vector containing mutant GIT1 3'UTR 
clones had a non‑significant change in the luciferase expres-
sion level (Fig. 1B). This illustrates that miR‑125a‑3p did have 
significant binding sites in the GIT1 3'UTR, suggesting that 
GIT1 is a target gene of miR‑125a‑3p. 

Ago2 is a core component of the RNA‑induced silencing 
complex, associating with both miRNAs and their mRNA 
targets (17). Thus, immunopurifying Ago2 under the appro-
priate conditions might retain associated miRNAs and 
mRNAs, allowing miRNA targets to be identified. Therefore, 
monoclonal anti‑Ago2 antibody was immobilized on 
Protein‑G‑Sepharose beads and incubated with HEK293 cell 
lysates; then the co‑immunoprecipitated Ago‑bound RNAs 
were extracted and subjected to RT‑qPCR to detect GIT1 
mRNA expression. The results shown in Fig. 1C indicate that 
GIT1 mRNA expression increased significantly following 

transfection with miR‑125a‑3p mimics. This further illustrates 
that miR‑125a‑3p can targetedly regulate GIT1.

Association between the expression of miR‑125a‑3p and 
GIT1 in osteoblast differentiation. miR‑125b is associated 
with osteoblast differentiation (15), but it is unclear whether 
miR‑125a‑3p is also associated with osteoblast differen-
tiation. Thus, further investigation of this is necessary. After 
adding BMP‑2 to HMSCs for induction of differentiation, the 
changes of miR‑125a‑3p and GIT1 expression were detected. 
According to the results, when HMSCs were not induced to 
differentiate, as the confluence tended to 100%, the expres-
sion of miR‑125a‑3p increased gradually (Fig. 2A). However, 
while HMSCs were differentiated to osteoblasts, the expres-
sion of miR‑125a‑3p also increased over time, but the levels 
of increase were significantly suppressed (P<0.01; Fig. 2A), 
which indicated that miR‑125a‑3p expression was reduced as 
osteoblast differentiation proceeded. Moreover, the expression 
level of GIT1 was not significantly changed when HMSCs were 
in normal culture; however, when BMP‑2 was added to induce 
osteoblast differentiation, GIT1 expression gradually increased 

Figure 1. Prediction of miR‑125a‑3p gene targeting. (A) Predicted miR‑125a‑3p target sites in the conservative sequence of GIT1 3'UTR. (B) Luciferase 
expression levels of HEK293 cells transfected with GIT1 3'UTR or mutant GIT1 3'UTR vector plus miR‑125a‑3p mimics or control. (C) Monoclonal antibody 
anti‑Ago2 was immobilized on Protein‑G‑Sepharose beads and incubated with HEK293 cell lysates after transfection with miR‑125a‑3p mimics, and then the 
co‑immunoprecipitated Ago‑bound RNAs were extracted and subjected to reverse transcription‑quantitative polymerase chain reaction to detect GIT1 mRNA 
expression. Results are presented as the mean plus standard deviation from three samples (*P<0.01 vs. control). miR, microRNA; GIT1, G protein‑coupled 
receptor kinase interacting protein 1; UTR, untranslated region; Ago2, argonaute 2; wt, wild type; µ, mutant.

Figure 2. Relative expression of miR‑125a‑3p and GIT1 during osteoblastic differentiation. Human bone‑marrow derived mesenchymal stem cells were 
harvested after 1, 2, 3, 4, 6 and 8 days after BMP‑2 addition, and the expression levels of (A) miR‑125a‑3p and (B) GIT1 were measured. Results are presented 
as the mean plus standard deviation. *P<0.01 as indicated. Control, cells without BMP‑2; BMP‑2, cells treated with BMP‑2; miR, microRNA; GIT1, G 
protein‑coupled receptor kinase interacting protein 1; BMP, bone morphogenetic protein; d, days. 

  A

  B   C

  A   B
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as the induction of differentiation proceeded (Fig. 2B). From 
the aforementioned results, in the osteoblastic differentiation 
process, miR‑125a‑3p expression was negatively correlated 
with GIT1 expression, and upregulation of GIT1 expression 
may be caused by the inhibition of miR‑125a‑3p expression.

miR‑125a‑3p downregulates GIT1 expression in osteoblasts. 
On the basis of the aforementioned results, it may be specu-
lated that miR‑125a‑3p regulates GIT1. miR‑125a‑3p mimics 
and inhibitors were transfected into human osteoblasts, and 
fluorescence qPCR was used to detect the expression of 
miR‑125a‑3p and GIT1. As shown in Fig. 3A, when mimics 
were transfected, the expression level of miR‑125a‑3p was 
significantly upregulated, while the expression of miR‑125a‑3p 
was significantly inhibited following the addition of 
miR‑125a‑3p inhibitors (both P<0.01). The expression of GIT1 
was downregulated with upregulation of miR‑miR‑125a‑3p 
expression, as shown by fluorescence qPCR and western 
blotting (Fig. 3B‑D). By contrast, GIT1 expression increased 
markedly when miR‑125a‑3p expression was inhibited. This 
suggests that miR‑125a‑3p targetedly regulates the expression 
of GIT1 in osteoblasts.

miR‑125a‑3p af fects osteoblast proliferat ion and 
differentiation by regulating GIT1 expression. The impact of 
miR‑125a‑3p and GIT1 on osteoblast proliferation and differ-
entiation was investigated. The proliferation of osteoblasts 
transfected with miR‑125a‑3p mimics declined significantly 
compared with the control while the proliferation of those 
transfected with miR‑125a‑3p inhibitors increased (both 
P<0.01; Fig. 4A). This suggests that miR‑125a‑3p suppresses 
osteoblast proliferation. The proliferation of osteoblasts 

transfected with GIT1 overexpression vector was increased 
markedly, while their proliferation was inhibited following 
transfection with GIT1 siRNA to reduce GIT1 expression 
(Fig. 4A), which indicates that GIT1 promotes osteoblast 
proliferation. In addition, following co‑transfection with 
miR‑125a‑3p mimics and GIT1 overexpression vector, 
upregulation of GIT1 expression blocked the prolifera-
tion‑suppressing effect of miR‑125a‑3p, and the osteoblast 
proliferation was increased; a significant difference was 
found compared with the miR‑125a‑3p mimics transfec-
tion group (Fig. 4A). This indicates that miR‑125a‑3p can 
targetedly regulate GIT1 expression to inhibit osteoblast 
proliferation. 

Further analysis of osteoblast differentiation indicates that 
the upregulation of miR‑125a‑3p expression reduced ALP 
activity (Fig. 4B), OC secretion (Fig. 5A) and the expression 
of Runx2 and osterix (Fig. 5B). That is, miR‑125a‑3p had an 
inhibitory effect on osteoblast differentiation, and downregu-
lation of its expression promoted osteoblast differentiation. 
GIT1 promoted osteoblast differentiation, although not very 
strongly (Figs. 4B and 5). Following co‑transfection with 
miR‑125a‑3p mimics and GIT1 overexpression vector, the 
inhibitory effect of miR‑125a‑3p on osteoblast differentiation 
was weakened (Figs. 4B and 5). Hence, in osteoblasts, it may 
be concluded that miR‑125a‑3p affects the proliferation and 
differentiation of osteoblasts by regulating the expression of 
GIT1.

Discussion

Osteoblasts play an important role in bone formation, 
development, remodeling and repair processes, and 

Figure 3. GIT1 and miR‑125a‑3p expression in osteoblasts. Human osteoblasts were transfected with miR‑125a‑3p mimics or inhibitors, and then the expression 
of (A) miR‑125a‑3p and (B) GIT1 was measured by reverse transcription‑quantitative polymerase chain reaction. The protein expression of GIT1 was also 
examined by western blot analysis; (C) a representative western blot and (D) quantified expression levels are shown. Experiments were carried out at least in 
triplicate and the results are expressed as the mean plus standard deviation. *P<0.01 vs. control. miR, microRNA; GIT1, G protein‑coupled receptor kinase 
interacting protein 1; NC, negative control (pcDNA3.1 blank vector). 

  A   B

  C   D
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various growth factors may affect osteoblast proliferation, 
differentiation and extracellular matrix synthesis (18).

In recent years, the relationship between miRNAs and 
bone formation has attracted increasing attention. Notably, 
the knockout of Dicer and Drosha leads to generation failure 
of all miRNAs in cells, thus causing a loss of differentiation 
capacity of bone marrow stroma stem cells into osteoblasts 
and adipocytes  (19). This suggests that an appropriate 
expression level of miRNAs is essential for the osteo-
blastic differentiation of stem cells. In addition, numerous 
studies have shown that GIT1 plays a significant role in the 
growth and migration of osteoblasts (6‑7,20). Consequently, 
investigation of the effect of GIT1 and relevant miRNAs 
in osteoblasts is worthwhile. However, studies of miRNAs 
targeting GIT1 are rare at present, with only a few relevant 
reports in tumors (21,22).

In the present study, prediction of miRNAs targeting GIT1 
indicated that there is good matching site for miR‑125a‑3p in 
the GIT1 3'UTR. A dual‑luciferase reporter assay indicated 
that GIT1 is one of the target genes of miR‑125a‑3p. Therefore, 
in osteoblasts, miR‑125a‑3p may targetedly regulate GIT1 to 
play its role. Investigation of the BMP‑2‑induced differen-
tiation process from HMSCs to osteoblasts indicates that 
miR‑125a‑3p expression increases gradually, but the level of 
increase is significantly suppressed compared with that of 
non‑differentiating HMSCs, indicating that the inhibitory 
effect of miR‑125a‑3p expression is increasingly evident 
osteoblast differentiation proceeds. These results are similar 
to those of miR‑125b reported by Mizuno et al (14), which 
indicates that miR‑125a‑3p may have a similar effect to 
miR‑125b. miR‑125b is the first reported miRNA to be associ-
ated with osteoblast differentiation (15). It was also found that 

Figure 5. OC secretion, and the mRNA expression of Runx2 and osterix. Osteoblasts were transfected with GIT1‑overexpressing vector and/or miR‑125a‑3p 
mimics, miR‑125a‑3p inhibitors and GIT1 siRNA, and cultured for 72 h. (A) OC secretion was assessed from culture supernatants by enzyme‑linked immu-
nosorbent assay. (B) Expression of Runx2 and osterix was measured by reverse transcription‑quantitative polymerase chain reaction. Results are presented 
as the mean plus standard deviation from three independent experiments. Bars with different letter labels are significantly different at the P<0.01 level. 
OC, osteocalcin; Runx2, runt‑related transcription factor 2; miR, microRNA; GIT1, G protein‑coupled receptor kinase interacting protein 1; siRNA, small 
interfering RNA; NC, negative control (pcDNA3.1 blank vector). 

  A   B

Figure 4. Roles of miR‑125a‑3p and GIT1 in osteoblast proliferation and ALP activity assays. Osteoblasts were transfected with GIT1‑overexpressing vector 
and/or miR‑125a‑3p mimics, miR‑125a‑3p inhibitors or GIT1 siRNA, and cultured for 72 h. (A) Cell proliferation was examined by 5‑bromo‑2'‑deoxyuridine 
assay. (B) ALP activity was determined in cell lysates and normalized to protein content. Results are presented as mean plus standard deviation (n=3). Bars 
with different letter labels are significantly different at the P<0.01 level. miR, microRNA; GIT1, G protein‑coupled receptor kinase interacting protein 1; ALP, 
alkaline phosphatase; siRNA, small interfering RNA; NC, negative control (pcDNA3.1 blank vector).

  A   B
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the expression level of miR‑125b decreased in the induction 
process of ST2 cells to osteoblasts, and after the introduc-
tion of miR‑125b the expression level of ALP was lowered in 
the osteoblastic induction process of ST2 cells; by contrast, 
after adding miR‑125b inhibitors the expression of ALP was 
enhanced (15). This indicates that miR‑125b negatively regu-
lates the osteoblastic differentiation process.

In the present study, as induced differentiation proceeded, 
the expression level of GIT1 increased significantly. Therefore, 
in the osteoblastic differentiation process, miR‑125a‑3p 
expression was negatively correlated with GIT1 expres-
sion; thus, an increase of GIT1 expression may be caused 
by suppressed miR‑125a‑3p expression. When miR‑125a‑3p 
mimics and inhibitors were each transfected into human 
osteoblasts, the findings were consistent with the speculation 
above. Specifically, when the miR‑125a‑3p expression level 
was changed, the expression level of GIT1 showed the opposite 
effect. This illustrates that miR‑125a‑3p targetedly regulates 
the expression of GIT1 in osteoblasts, and one of the pathways 
by which miR‑125a‑3p exerts its effects may involve the regu-
lation of GIT1.

The impact of miR‑125a‑3p and GIT1 on osteoblastic 
proliferation and differentiation was determined in the 
present study, and the results indicated that miR‑125a‑3p 
targetedly regulates GIT1 expression to inhibit osteoblastic 
proliferation and differentiation. Feng et al (23) showed that 
miRNA‑125a inhibited cell growth by targeting glypican‑4 
in the human embryonic kidney cell line 293T (HEK293T). 
Ninio‑Many et al (24) found that miRNA‑125a‑3p reduced 
cell proliferation and migration by targeting Fyn in 
HEK293T cells. The study of Svensson et al  (25) showed 
that inhibition of miRNA‑125a promoted human endothelial 
cell proliferation and viability through an antiapoptotic 
mechanism. In addition, Guo  et  al  (26) suggested that 
miRNA‑125a repressed cell growth by targeting HuR in 
breast cancer. All the aforementioned findings are consistent 
with the conclusions of the present study, which both indicate 
a proliferation inhibiting effect of miR‑125a‑3p. In the study 
of Huang et al  (27), the authors concluded that miR‑125b 
was a key regulatory factor of osteoblastic differentiation 
that acted by directly targeting core binding factor β and 
indirectly acting on Runx2 at an early stage osteoblastic 
differentiation. Guo  et  al  (28) reported that miR‑125a 
plays a biological function in osteoclastogenesis through a 
novel TRAF6/NFATc1/miR‑125a regulatory feedback loop, 
and that miR‑125a was markedly downregulated during 
the macrophage colony stimulating factor‑ and receptor 
activator of nuclear factor‑κB ligand‑induced osteoclasto-
genesis of circulating CD14+ peripheral blood mononuclear 
cells (PBMCs). Overexpression of miR‑125a in CD14+ 
PBMCs inhibited osteoclastogenesis, whereas the inhibi-
tion of miR‑125a promoted osteoclastogenesis. Therefore, 
miR‑125a‑3p inhibits osteoblast proliferation and differentia-
tion, and one of the pathways involves the regulation of GIT1.

In summary, miR‑125a‑3p affects osteoblast proliferation 
and differentiation through the regulation of GIT1. This 
finding increases our understanding of the physiological and 
pathological roles of miRNAs in osteoblastic differentiation 
and maturation processes, and should provide a theoretical 
basis for research into bone physiology and pathology. This 

may assist in the diagnosis and targeted treatment of meta-
bolic bone disease and associated drug development.
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