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1.0 Introduction 

Within the bone marrow there are three main cellular systems 

namely hematopoietic, endothelial, and stromal (1). 

Mesenchymal stem cells (MSCs) are found to be part of 

stromal cell system, in which they are non-hematopoietic 

stem cells and capable of self-renewal (1-3). MSCs have 

multilineage differentiation potential in which they may give 

rise to tissues of mesodermal origin such as osteoblasts, 

chondroblasts, and adipocytes (4). These in vitro expanded 

MSCs could be induced towards osteogenic differentiation by 

soluble factors such as dexamethasone, L-ascorbic acid, β-

glycerophosphate, transforming growth factor-β (TGF-β), and 

bone morphogenetic protein-2 (BMP-2)( 5-7). 

Bone marrow stem cells (BMSCs) had demonstrated bone 

regeneration capacity in both animal and human models (8). 

BMSCs have been seeded on hydroxyapatite and implanted in 

vivo into NOD/SCID mice and bone formation was observed 

subsequently (2). Although BMSCs were shown to be the 
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In order to support and enhance in vitro bone marrow stem cells (BMSCs) growth and 

activity, cell culture medium needs to be supplemented with various proteins and factors to 

mimic the physiological environment in which cells can optimally proliferate and 

differentiate. Many studies have been conducted to determine the role of the hormones and 

growth factors in modulating cell growth and differentiation. This study was carried out to 

evaluate the effect of TGF-β1 on the proliferation and osteogenic differentiation of human 

BMSCs. All samples of BMSCs were obtained from four scoliosis patients, ranged from 12 

to 20 years old, who underwent spinal fusion surgery. These samples were isolated and 

cultured in Alpha Mimimum Essential Medium supplemented with fetal bovine serum. 

Passage 2 subcultures were treated with TGF-β1 (0.25 or 2.5ng/ml) and further maintained 

in culture for 9 days. Then, RNA was isolated from the cultures and quantitative reverse 

transcription polymerase chain reaction (qRT-PCR) was done to quantitate the mRNA 

expression level of the six osteogenic genes involved in osteogenic differentiation and 

maturation. TGF-β1 showed biphasic effect on BMSCs growth in which it promoted cell 

proliferation significantly (p<0.05) at lower concentration (0.25ng/ml) but inhibited cell 

growth at higher concentration (2.5ng/ml). TGF-β1 significantly increased the expression 

of Coll-1, an early matrix protein evidence its role in early osteoblasts differentiation. 

BMSCs is an important resource for tissue engineering and for future clinical applications. 

We demonstrated in this study that supplementation of TGF-β1 is advantageous for BMSC 

expansion and osteogenic development. 
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most promising candidate for bone tissue regeneration, their 

presence at low frequency in bone marrow aspirates (≤ 

0.01%) (4, 5) as well as progressive decrease of 

differentiation potential after extensive subcultivation limited 

their in vitro expansion (4, 9). For clinical use, the BMSCs 

need to be cultured extensively to achieve sufficient number 

of cells for bone regeneration (10). Ng et al. (5) suggested that 

the addition of various growth factors such as transforming 

growth factor-β (TGF-β), bone morphogenetic protein (BMP), 

and basic fibroblast growth factor (bFGF) might enhance the 

culture condition for BMSCs proliferation. TGF-β is one of 

the most abundant growth factors deposited in human bone 

matrix (200 µg/kg tissue) (11) and is known to be involved in 

bone remodeling and fracture healing. TGF-β could enhance 

osteoblast differentiation in terms of secretion of bone matrix 

proteins followed by mineralization of this matrix (12).  

Development of MSCs into mature osteoblasts is 

characterized by the expression of collagen and non-

collagenous matrix proteins at different cell stages. The 

process from differentiation to maturation occurs in an 

overlapped and yet ordered temporal sequence: increase in 

alkaline phosphatase (ALP) →increase in type I collagen 

(Coll-1) → appearance of osteopontin (OPN) → appearance 

of bone sialoprotein (BSP) → appearance of osteocalcin 

(OCN). ALP decreases during mineralization; BSP is the first 

marker detected in differentiated osteoblasts forming bone; 

and OCN appears with mineralization (13-15).  

 

Bone-specific ALP is synthesized by the osteoblasts and 

histochemical detection of ALP is considered one of the 

earliest phenotypic markers of the osteoprogenitor 

differentiation. ALP level seems to be increasing at the early 

stage and then decreasing when mineralization is in well 

progression (16). BSP is a highly acidic, noncollagenous 

glycoprotein abundantly expressed in mineralized tissues and 

its expression indicates the onset of mineralization (17). 

Collagen type I is the main component of bone extracellular 

matrix (18) which was shown to support the osteoblast 

differentiation and is essential for sequential expression of the 

differentiation-related proteins (19). Osteocalcin, which is 

also known as bone gla-protein, is the most abundant non-

collagenous matrix protein found in bone (20). OCN is 

typically expressed after osteoid has formed or matrix 

mineralization has begun. It is considered the most osteoblast-

specific gene. (21, 24). OPN is another non-collagenous 

protein widely expressed in bone matrix and it has been 

reported to be involved in regulation the formation and 

remodeling of mineralized tissues since it may also serve as 

attachment site for osteoclast (22). Cbfa1 is a critical regulator 

of osteoblast differentiation and regulating the rate of bone 

matrix deposition by differentiated osteoblasts in vertebrates 

(23). It has been shown that using RNAi, knockdown of 

Cbfa1 gene suppressed downstream genes such as type I 

collagen and osteocalcin which, in turn, inhibited 

osteogenesis (24).  

 

In this study, osteogenic differentiation of human BMSCs, 

cultured with or without TGF-β1 within the culture medium 

was analyzed. Osteogenic differentiation of BMSCs in vitro 

was evaluated in terms of mRNA expression of genes 

associated with osteogenesis particularly ALP, OCN, OPN, 

BSP, Coll-1, and core binding factor α1 (Cbfa-1) using real 

time RT-PCR. 

 

2.0 Materials and Methods 

2.1 Cell culture 

 

Two to five milliliters of bone marrow samples were obtained 

from four scoliosis patients, range from 12-20 years old, who 

underwent spinal fusion surgery at Hospital Universiti 

Kebangsaan Malaysia. Human bone marrow stem cells were 

isolated using Ficoll-Hypaque Density Centrifugation (Becton 

Dickinson, Germany). The isolated BMSCs were cultured in 

Alpha Minimal Essential Medium (α-MEM; GIBCO, 

Rockville, MD) supplemented with 10% FBS (GIBCO), 1X 

GlutaMAX-1 (GIBCO), antibiotic-antimycotic (GIBCO), 50 

µg/ml L-ascorbic acid (Sigma, St. Louis, MO, USA), 0.02M 

HEPES buffer (GIBCO) and cultured at 37 °C under 

humidified atmosphere of 5% CO2/95% air. Cultures were 

subcultured at 90% confluency. Cell counting using 

hemocytometer and trypan blue exclusion dye was performed.  

 

Subsequently, the cells were replated at 5,000 cells per cm2 in 

differentiation medium (DM; standard culture medium 

supplemented with 10-7M dexamethasone, 0.05 mg/ml 

ascorbate-2-phosphate, and 10mM β-glycerophosphate) with 

the supplementation of TGF-β1 at different dosage that is (i) 

DM without any growth factor, (ii) DM + TGF-β1 

(0.25ng/ml), (iii) DM + TGF-β1 (2.5ng/ml).  Media change 

was performed every 3 days. The BMSCs were cultured with 

or without the supplementation of TGF-β1 for 9 days, then 

assessed for osteogenic gene profile using real time RT-PCR 

following RNA extraction. 

 

2.2 RNA extraction 

Monolayer cells were trypsinized and counted. 

Approximately 500,000 cells were lysed in 1 ml TRI 

Reagent® (Molecular Research Centre, Cincinnati, OH). RNA 

was extracted according to single step acid-phenol guanidium 

method. Briefly, RNA was extracted with 0.2 ml chloroform 

and precipitated with 0.5 ml isopropanol. RNA was then 

treated with DNase I in order to remove possible 

contamination of genomic DNA followed by purification 

using RNeasy Kit (Qiagen, USA) according to the 

manufacturer’s protocol. Total RNA concentration and purity 
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was determined spectrophotometrically at 260 nm and 280 

nm.  

 

2.3 Real time Reverse Transcription Polymerase Chain 

Reaction 

 

The expression levels of several osteogenic markers were 

measured with real time reverse transcriptase-polymerase 

chain reaction (real time RT-PCR). Expression level of each 

targeted gene was normalized to GADPH (housekeeping 

gene). All primers (Table 1) were designed with Primer3 

online software and blasted with GenBank database 

sequences in order to obtain primers with high specificity. 

The efficiency and specificity of each primer set was 

confirmed with standard curve (Ct value vs. serial dilution of 

total RNA) and melting profile evaluation.  

 

Real time RT-PCR was performed with 1 µl of total RNA, 5 

µM of each primer and iScriptTM One Step RT-PCR with 

SYBR® green (Bio-Rad). All reactions were run using MyiQ 

Cycler (Bio-Rad, Hercules, CA) with a single reaction profile 

of reverse transcription for 30 min at 50 °C; pre-denaturation 

for 3 min at 95 °C; PCR amplification for 38 cycles with 10 

sec at 95 °C, 20 sec at 61 °C and 20 sec at 72 °C. This series 

of cycles was followed by a melt curve analysis with 1 min at 

95 °C, 1 min at 55 °C and 1 min at 60 °C.  

 

The threshold cycle (Ct) value was calculated from 

amplification plots. Relative quantification of gene expression 

was determined using the ΔΔCt method, with each sample 

being normalized against quantified GAPDH mRNA 

expression. The following formula was adopted: 

Target gene expression level normalized against GAPDH = 

2(Ct GAPDH – Ct target gene) 

 

The Ct value was calculated as the number of cycles required 

when the fluorescence of the sample exceeded the threshold 

level. This method was one of the first methods to be used to 

calculate real time PCR result. The assumption made using 

this method of calculation is that the primers of all the genes 

understudied was performing at an efficiency of 100%. 

GAPDH is also assumed to be expressed at a constant rate 

regardless of sample manipulations. 

 

2.4 Statistical analysis 

 

The data is expressed as the mean ± standard error of mean 

(S.E.M). Differences between control and treated groups were 

analyzed using paired t-test and p value of 0.05 was set.  

 

The research was approved by the Universiti Kebangsaan 

Malaysia Medical Research and Ethics Committee. 

 

 

 

 

 

 

 

3.0 Results 

 

3.1 Growth profile 

Human bone marrow derived mesenchymal stem cells were 

cultured for 9 days with or without the addition of TGF-β1. 

As shown in Figure 1, addition of TGF-β1 into the culture at 

the dosage of 0.25ng/ml significantly decreased cell doubling 

time (5.70±0.26 days) when compared to untreated control 

(12.31±2.24 days) (p<0.05). At the higher dosage of 2.5ng/ml, 

the cell doubling time has increased to 21.56±3.10 days 

(p<0.05). This indicated that TGF-β1 at lower concentration 

promotes cell proliferation while at higher concentration, 

suppresses it. 

3.2 Gene expression 

The expression of the osteoblastic markers was analyzed via 

real time RT-PCR. From the data observed, there was a 

statistically significant increase in Coll-1 expression treated 

with both 0.25ng/ml (2.11±1.48) and 2.5ng/ml (4.25±1.55) of 

TGF-β1 compared to control (1.56±1.28) (Figure 2B). ALP 

activity decreased with increasing concentration of TGF-β1, 

from 1.17x10-4±6.84x10-5 at 0.25ng/ml treatment to 1.54x10-

5±2.23x10-6 at 2.5ng/ml treatment compared to control 

(1.70x10-4±3.70x10-5) (Figure 2C). The addition of TGF-β1 

inhibited the expression of OPN as shown in Figure 2D, in 

which OPN expression level decreased from 5.66x10-

4±3.84x10-4 (control) to 5.90x10-5±5.49x10-5 (0.25ng/ml 

TGF-β1) and 8.43x10-5±6.09x10-5 (2.5ng/ml TGF-β1). 

Besides, TGF-β1 treatment increased BSP expression levels 

for both TGF-β1 doses, in which the BSP expression level 

was 0.0102±0.0039 and 0.0357±0.0236 for 0.25 ng/ml and 

Fig.1 The effect of TGF-β1 on cell doubling time: At lower dose of 0.25ng/ml, 

TGF-β1 significantly reduced cell doubling time (p<0.05). At higher dose of 

2.5ng/ml, TGF-β1 significantly increased cell doubling time (p<0.05). Results are 

shown as mean ± SEM (standard error of the mean). Note that the asterisk 

*indicates p= 0.0247 and ** indicates p=0.0482 when comparing control and 

groups treated with 0.25ng/ml and 2.5ng/ml TGF-β1 respectively, using one-tailed 

paired t-test test. 

. 
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2.5 ng/ml TGF-β1 respectively compared to control 

(0.0037±0.0014) (Figure 2E). OCN expression level was 

decreased (1.73x10-5 ±8.52 x 10-6) when 0.25ng/ml of TGF-β1 

was added while an increased expression (7.99x10-5±2.57x10-

5) was seen with 2.5 ng/ml TGF-β1 treatment, compared to 

control (3.53x10-5±1.90x10-5) (Figure 2F). A general trend 

showing upregulation of Coll-1 and BSP and downregulation 

of ALP and OPN was observed (Figure 2).  

4.0 Discussion 

Mesenchymal stem cells of bone marrow are continuous 

source of osteoblasts for normal bone maintenance, bone 

remodeling and regeneration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Difference in mRNA expression of six osteogenic genes i.e. Cbfa-1, ALP, OPN, BSP, OCN, and Coll-1 normalized to housekeeping gene 

GADPH after induction by 0.25ng/ml and 2.5ng/ml of TGF-β1 compared to BMSC culture without TGF-β1 (control). Data is presented as mean ± 

standard error of mean (S.E.M.) of gene expression level (n=4). In general, TGF-β1 promoted osteogenic genes expression except for ALP and OPN. 

*Addition of 0.25ng/ml TGF-β1 significantly increased Coll-1 gene expression when compared to control (p=0.0459). ** Addition of 2.5ng/ml TGF-β1 

significantly increased Coll-1 gene expression when compared to control (p=0.0073).  

 

The appropriate bone volume is controlled by the balance 

between osteoblastic bone formation and osteoclastic bone 

resorption that are closely monitored by local and systemic 

growth factors. TGF-β, being the first local bone growth factor 

purified to homogeneity, is widely studied in the field of bone 

biology. Active TGF-β is a dimer of 25 kD and consists of two 

identical disulfide-linked monomers. There are three isoforms 

of TGF-β found in mammalian cells namely TGF-β1, TGF-β2, 

and TGF-β3. TGF-β1 appears to be the major member 

produced by human osteoblasts and stored in bone (25). TGF-

β is found to play a vital role to promote bone formation in 

vivo in which it had been shown to stimulate bone formation in 

rodents by increasing the number of osteoblasts and matrix 

synthesis (6). 
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The action of TGF-β on osteoblast differentiation has been 

variable both in vitro and in vivo. In vitro studies have shown 

that TGF-β1 could stimulate or inhibit osteoblast proliferation 

depending upon the experimental conditions, cell type and 

their stage of maturation, duration of treatment and TGF-β1 

concentration (26, 27). However, TGF-β1 has been shown to 

facilitate fracture healing and bone formation in some animal 

studies and it differentially affects distinct osteoblast markers 

in vitro (6, 27). TGF-β1 has been reported to induce the 

expression of bone matrix components such as Coll-1, OPN 

and osteonectin but suppresses OCN and ALP in several 

osteoblast-like or osteosarcoma-derived cell cultures (28). 

Taken together, TGF-β may have the potential to enhance the 

proliferation and early differentiation of osteoblasts, marked 

by the increased collagen synthesis, but impair osteoblasts 

terminal differentiation, marked by the decreased osteocalcin 

synthesis and bone mineralization (18). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gene Access number as in 

Genbank database 

Primer  (5’-3’) PCR product size (bp) 

GADPH BC020308 F: 5’-tcc ctg agc tga acg gga ag-3’ 

R: 5’-gga gga gtg ggt gtc gct gt-3’ 

217 

ALP AB011406 F: 5’-gta ctg gcg aga cca agc g-3’ 

R: 5’-agg gga act tgt cca tct cc-3’ 

200 

Coll-1 NM_000088 F: 5’-aag cag gca aac ctg gtg aa-3’ 

R: 5’-gca cca gca tca ccc tta gc-3’ 

181 

OPN X13694 F: 5’-cac ctg tgc cat agt taa ac-3’ 

R: 5’-atc cat gtg gtc atg gct tt-3’ 

220 

BSP NM_004967 F: 5’-ggg cac ctc gaa gac aac aa-3’ 

R: 5’-ctc ggt taa ttg tcc cca cga-3’ 

214 

OCN NM_199173 F: 5’-ggg cag cga ggt agt gaa ga-3’ 

R: 5’-gcc gat agg cct cct gaa ag-3’ 

161 

Cbfa-1 NM_004348 F: 5’-gca gtt ccc aag cat ttc at-3’ 

R: 5’-cac tct ggc ttt ggg aag ag-3’ 

182 

 

TGF-β may have a stimulatory or inhibitory effect on cells 

depending on its concentration. Centrella et al. (29) found that 

treatment with 1.5ng/ml of TGF-β significantly increased 

DNA and collagen synthesis in subconfluent fetal rat calvarial 

cell culture while treatment with 0.15ng/ml and 15ng/ml of 

TGF-β decreased both parameters. Harris et al. (30) reported 

that at dosage of 2ng/ml, TGF-β added to the confluent fetal 

rat calvarial osteoblasts inhibited the formation of bone 

nodules and impaired the expression of genes including type I 

collagen, ALP, osteopontin and osteocalcin. 

 

dosage that we used, TGF-β1 decrease cell proliferation of 

rabbit bone marrow stromal cells. However, Kassem et al. 

(18) reported that TGF-β1 (0.01-10ng/ml) increased both the 

rate of DNA synthesis and cell number in human bone 

marrow stromal cells and trabecular bone osteoblasts. Such 

discrepancy may be related to species and cell type 

differences. 

From our results, TGF-β1 upregulated the expression of all 

the genes studied except for ALP and OPN. TGF-β1 has 

Table 1 Sequence of primers used in this study 

In this study, we were interested to investigate the effect of a 

low dose treatment versus a high dose treatment of TGF-β1.  

Hence, 0.25ng/ml was used as a low dose treatment and a 

ten times increase in dosage i.e. 2.5ng/ml was used to 

represent a high dose treatment. 

In this study, the addition of TGF-β1 showed significant 

growth promoting effect at 0.25ng/ml TGF-β1 

concentration. At a higher concentration (2.5ng/ml), a 

reverse effect was noted in which there is significant 

decrease of cell proliferation. Taken together, TGF-β1 had 

shown a biphasic and concentration-dependent effect on 

osteoblastic cells proliferation with the inhibition of cell 

proliferation at higher concentration. Our result is consistent 

with Roostaeian et al. (6) who reported that at the 

concentration of 10ng/ml, which is even higher than the 
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shown to enhance Coll-1 expression, indicating its role in 

inducing early matrix deposition and differentiation of 

osteoblastic cells. Expression level of ALP was shown to 

decrease with the addition of TGF-β1 and this could be due to 

the use of BMSCs which is less differentiatiated. It had been 

reported that TGF-β could reduce the activity of ALP in fetal 

bone cells but enhances its expression in osteosarcoma and 

mature human bone cells (28). OCN was highly expressed at 

TGF-β1 concentration of 2.5ng/ml but not at a lower 

concentration of 0.25ng/ml. However, Zhang et al.(12)  

showed an increase OCN expression when 0.2ng/ml of TGF-

β1 was continuously administered for two weeks. Kassem et 

al. (18) demonstrated that addition of TGF-β1 (0.01-10ng/ml) 

inhibited OCN production in both human bone marrow 

stromal cells (less mature osteoblastic cells) and trabecular 

bone osteoblasts (mature osteoblastic cells).  

In this study, the assumption that specific RNA expression 

correlates directly with expression of specific functional 

protein was made. This is the limitation of the study. 

Validation of the RNA expression with detection of the 

specific protein via western blot and immunocytochemical 

staining should be performed.  

In conclusion, BMSCs will be an important resource for tissue 

engineering and for future clinical applications. We 

demonstrated in this study that supplementation of TGF-β1 is 

advantageous for osteogenic cell development. The 

recommended dosage for increased cell proliferation is 

0.25ng/ml of TGF-β1. 0.25ng/ml and 2.5ng/ml of TGF-β1 

also shown to promote early differentiation of osteoblasts and 

matrix deposition and maturation since it enhanced Coll-1 

expression significantly. Other growth factors might interact 

with TGF-β1 to affect the osteoblastic cell development and 

their functions are worth further investigation. 
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