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ABSTRACT. Past studies have revealed the critical role of runt-related 
transcription factor 2 (RUNX2) in the proliferation and differentiation of 
mesenchymal stem cells (MSCs). This study therefore aimed to investigate 
the expression profile of the RUNX2 gene in human bone marrow MSCs and 
its biological characteristics. Bone marrow MSCs were separated from 12 
patients who had received hip joint replacement surgery. After purification 
and culture, the MSCs were subjected to the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide assay, flow cytometry, the alkaline 
phosphatase assay, reverse transcription polymerase chain reaction, and 
RUNX2 protein quantification. The cell growth curve, staining images, and 
information on the membrane antigens and the levels of RUNX2 mRNA 
and protein were obtained based on the results. The growth curve showed, 
after a 2-day lag period, cultured MSCs entered into the log phase between 
d3 (Day 3) and d6, when they reached a plateau. Flow cytometry data 
suggested 94.38% of MSCs were CD90-positive, while only 3.99 and 
1.71% of total cells were positive for CD35 and CD45, respectively. With 
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the elongated induction period, cultured MSCs were polygonal in shape. 
After a 14-day induction, cell fusion occurred in the center of the cell nodule 
accompanied by the disappearance of cellular structure to form the calcium 
nodule, which was stained red. There was also a statistically significant 
increase in the level of RUNX2 protein at d7 and d14. An osteogenic 
medium is required for the differentiation of adult MSCs, which is also 
under RUNX2 regulation. These findings are potentially valuable for clinical 
practice.
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INTRODUCTION

Mesenchymal stem cells (MSCs) are adult stem cells that possess the capacity of self-
renewal and the potential for multiple differentiation; they can develop into various cell types including 
osteocytes, chondrocytes, and adipocytes in a tissue-specific manner (Zhang et al., 2013). Various 
biological features of MSCs have been described previously, mainly focusing on both the intrinsic and 
extrinsic conditions that determine their differentiation into different cell types (Hoch et al., 2012). Owing 
to these prominent features and their ease of transplantation, MSCs have been used in treatments 
against various diseases including femoral head necrosis, spinal cord injury, immune-related diseases, 
and myocardial infarction (Chen et al., 2011). As MSCs are stably distributed in the adult body with 
pluripotent differentiation that is unlimited by cell replication, they have inspiring potential for clinical use 
within the existing ethical regulation (Gioia et al., 2012). However, as only limited numbers of MSCs 
exist in a normal adult’s bone marrow, and extraction is difficult (Weng and Su, 2013), it is necessary 
to prepare large numbers of MSCs for clinical use. The specific conditions that are necessary for the 
induced differentiation of MSCs in human osteoblasts are under the influence of complex intrinsic and 
extrinsic factors, which results in a high failure rate (Venugopal et al., 2013). As an osteoblast-specific 
transcription factor, runt-related transcription factor 2 (RUNX2) has cell differentiation facilitation and 
osteogenic effects. As the current MSCs-related studies mainly focus on high-efficiency separation, 
purification, and amplification, we aimed to identify a satisfactory method for obtaining large numbers 
of MSCs. In this study, bone marrow samples were collected from patients in our hospital and then 
separated and purified. Our objective was to determine the dynamic expression profile of the RUNX2 
gene and investigate the biological features of MSCs, in an attempt to find an optimal method for the 
separation, purification, and amplification of MSCs (Carpenter et al., 2010).

MATERIAL AND METHODS

General information

A total of 12 patients who have received hip joint replacement surgery in our hospital 
between December 2013 and February 2014 were recruited for this study. Bone marrow samples 
were collected from the proximal femur of each patient. Written consent was obtained from all 
included patients and their families. The protocol of this study was pre-approved by the Ethical 
Committee of our hospital.
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Inclusion and exclusion criteria

All patients received hip joint replacement surgery as a treatment for femoral head 
necrosis. Patients who were older than 60 years, had a history of chronic infectious disease, mental 
disorders, or severe systematic diseases were excluded from this study.

Separation, incubation, and purification of MSCs

Density gradient centrifugation combined with the adherence method was applied to 
obtain purified MSCs. In brief, bone marrow samples (5 mL) were collected in a heparin-containing 
centrifuge tube, which was centrifuged at 1000 rpm for 10 min. The precipitation fraction at the tube 
bottom was added to an equal volume of phosphate-buffered saline (PBS), and an equal volume of 
separation buffer was added (Percoll at 1.073 g/mL) (Sigma-Aldrich, St Louis, MO, USA). The whole 
mixture was then centrifuged at 2500 rpm for 20 min. The monocyte layer was collected, washed 
twice in PBS, and re-centrifuged at 1500 rpm for 10 min. The collected cells were then re-suspended 
in 10% fetal bovine serum-containing culture medium (HyClone, GE Health Care, Logan, UT, USA) 
and stored in a 25-mL tube at a cell density of 1.0 x 105/mL. The cells were incubated in a chamber 
at 37°C and the medium was changed every 3 or 4 days, leaving only the adherent cells. When 
the cell confluence of adherent cells reached 80-90%, the cells were digested with 0.25% trypsin 
(HyClone) and 0.02% ethylenediaminetetraacetic acid, centrifuged, and re-suspended. Quantified 
cells (1 x 104/mL) were inoculated into a 20-mL bottle for serial subculture.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay for 
detecting MSC proliferation

After three passages, cells were digested and re-suspended as described above to 
produce cell suspensions of 5 x 105 mL density. The MTT assay was applied using an enzyme-
labeling instrument to plot the growth curve (Luo et al., 2012). The proliferation cycle was analyzed 
by flow cytometry (BD FACSCalibur, USA). The proliferation index was used to evaluate the level 
of MSC proliferation.

Cell surface antigen expression assay

After digestion, centrifugation, and collection, the MSCs were washed in PBS and 
separated into two tubes; a homotype control was added to one tube, and different fluorescence-
labeled primary antibodies (CD34, CD45, CD90 monoclonal antibodies; BD FACSCalibur) were 
added to the other. Flow cytometry was applied to reveal the surface antigen.

Osteogenic differentiation and alkaline phosphatase assay

MSCs of the 3rd passage were seeded into 6-well plates, of which two wells were 
control groups, while the other four wells were induction groups. When cell confluence reached 
80%, the MSCs in the induction groups were cultivated using a medium containing human MSC 
osteogenic differentiation buffer, while the control groups used the intact medium. After 14 days 
of incubation, the cells were stained to reveal the activity of alkaline phosphatase (Wang et al., 
2012).
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Reverse transcription polymerase chain reaction (RT-PCR) for RUNX2 mRNA levels

MSCs of the 3rd passage were cultivated in osteogenic conditions as described above. The 
expression level of the RUNX2 gene was detected using RT-PCR at d7 (Day 7), d14, and d21. The 
primer sequences used are listed in Table 1. The PCR conditions were: pre-denaturation at 95°C 
for 4 min, followed by 45 cycles of denaturation at 95°C for 20 s, 55°C annealing for 15 s, and 72°C 
elongation for 30 s. Cycle threshold (CT) values were calculated based on the RT-PCR results.

RUNX2-F	 5'-GGACG AGGCA AGAGT TTCAC-3'
RUNX2-R	 5'-GAGGG GGTCA GAGAA CAAAC-3'
β-actin-F	 5'-TGCTG ACCGT ATGCA GAAAG-3'
β-actin-R	 5'-GCCAC CAATCC AGACA GAGT-3'

Table 1. Primer sequences in reverse transcription polymerase chain reaction (RT-PCR).

RUNX2 protein assay

Cells were collected at the same time points as those described in the RT-PCR assay. In 
brief, extracted proteins were separated by gel electrophoresis and transferred to a membrane, 
which was blocked, then incubated with anti-RUNX2 antibody (Cell Signaling Technology, USA) 
at 4°C overnight, followed by horseradish peroxidase (HRP)-labeled goat anti-rabbit secondary 
antibody (Santa Cruz Biotechnology, USA). The membrane was then washed, exposed, and 
developed using chromogenic substrates (Thermo Scientific, USA) followed by imaging analysis 
using a software package (Clinx Science Instruments, China).

RESULTS

Morphology of cultured MSCs

After 24 h of primary culture, the MSCs showed an adherence growth pattern characterized 
by polygonal or spindle shapes. At approximately 48 h there were cell colonies, which broadened 
and fused to form a monolayer after 7 days. The cell growth rate after the first passage was 
significantly accelerated, as almost all cells adhered to the wall with few cell deaths within 12 h. 
The average cell size also increased with more passages.

Proliferation activity of MSCs

The growth curve of the adult MSCs is presented in Figure 1, which shows an approximate 
S-curve. After a lag period over the first 2 days in which only a few cells proliferated, the MSCs 
entered the log phase at d3 with a positive slope in the growth curve. The cells reached the peak of 
growth at d6, followed by a plateau period with decreasing increments of cell numbers.

Cell surface antigen assays

The flow cytometry results showed a positive rate of CD90 in MSCs as high as 94.38%, 
while only 3.99 and 1.71% of all MSCs were positive for CD34 and CD45, respectively (Figure 2). 
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These results suggest adequate numbers of MSCs in the bone marrow of the proximal femur, and 
better separation and purification performance using density gradient centrifugation combined with 
adherence.

Figure 2. Flow cytometr results of MSCs surface antigen. A. The homogenity test of MSCs. B. CD34 was negatively 
expressed in most MSCs. C. Most MSCs were CD90-positive. D. CD45 was negative for MSCs.

Figure 1. Growth curve of cultured MSCs.
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Induced differentiation and staining results

The polygonal shape of the MSCs occurred after continuous induction of differentiation. 
At d14, cells at the nodular center fused and lost cellular structure to form a calcium nodule, which 
was stained red, as shown in Figure 3.

Figure 3. Calcium nodules staining after 14 days of osteogenic induction.

Level of RUNX2 mRNA in MSCs

In both the control and induction groups, the RUNX2 gene was expressed in the MSCs. 
In the induction group, MSCs expressed increasing levels of the RUNX2 gene at d7, d14, and d21 
after induction (Figure 4), with significant differences compared with the control group (P < 0.05). 
A further comparison revealed that the RUNX2 gene expression level was significantly elevated 
at d14 compared with d7 (P < 0.05), but did not increase significantly from d14 to d21 (P > 0.05).

Figure 4. RUNX2 mRNA levels in MSCs after induction. *P < 0.05 compared to those in the control group at the same 
time point.
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Levels of RUNX2 protein in MSCs

A western blotting assay showed significantly higher expression of RUNX2 proteins in the 
induction group cells after 7 days of induction (Figure 5). The protein level was also significantly 
elevated at d14 compared with d7 (P < 0.05). However, no significant difference in protein levels 
was detected between d21 and d14.

Figure 5. RUNX2 protein expression levels by Western blotting.

DISCUSSION

Originating in the mesoderm layer, MSCs are non-hematopoietic stem cells that do not 
express blood cell surface antigens, but only the surface markers of stromal and interstitial cells, 
such as CD44, CD73, CD90, and CD105 (Baksh et al., 2004; Liu et al., 2013). This study revealed 
that 94.38% of the MSCs were CD90-positive, while only 3.99% were CD34-positive and only 
1.71% were CD45-positive, in agreement with a previous study (Tyndall, 2012). However, as no 
cell-specific surface antigen exits for MSCs, it is necessary to label them with surface antigens to 
evaluate cell purity and homogeneity (Forostyak et al., 2013; Tan et al., 2013). This study utilized 
a classical method for the induction of osteogenic differentiation, leading to the precipitation of 
calcium salts and mineralized nodules, which were all positively stained, on the surface of the 
MSCs at d14 and d21 after induction. The differentiation of MSCs is dependent on several 
conditions, such as the osteogenic induction factor used in this study, in which the application of an 
MSC osteogenic induction solution can stimulate the differentiation of MSCs into osteocytes. The 
positive staining revealed the MSCs’ inherent ability to proliferate for bone formation, which is a 
biological characteristic of MSCs (Waterman et al., 2010; Glass et al., 2011; Nam et al., 2012). This 
study observed significantly elevated levels of both RUNX2 mRNA and proteins at d7, d14, and 
d21 after induction, indicating the potentially important role of RUNX2 in bone formation, although 
the detailed mechanism still requires further research.

In summary, in this study we performed the entire process of extraction, cultivation, 
purification, and induction of MSCs from bone marrow. We also monitored RUNX2 expression 
levels and the biological features of bone marrow MSCs. Using the method of whole bone marrow 
density gradient centrifugation combined with adherence, we successfully obtained and cultivated 
adult bone marrow MSCs with higher purity using a simple procedure (Lepperdinger, 2011). This 
strategy, therefore, could be used to obtain large numbers of MSCs for treatment purposes (Yoon 
et al., 2011; Tang et al., 2012). Particular induction reagents and culture conditions should be used 
for MSC cultivation to satisfy the requirements of different diseases. This study provides both basic 
knowledge and practical guidance for clinical treatment.
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