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Comparison of Phenotypic Characterization between Differentiated Osteoblasts 
from Stem Cells and Calvaria Osteoblasts In vitro
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ABSTRACT

Background: Characteristics of  differentiated osteoblasts from adipose 
derived stem cells (ADSCs) in compared with isolated osteoblasts from 
normal bone such as calvaria are unknown. The aim of  this study was 
determination and comparison of  phenotypic characterization between 
differentiated osteoblasts from stem cells and calvaria osteoblasts in vitro.
Methods: In this study, mesenchymal stem cells were isolated from 
adipose tissue of  human by enzymatic digestion and were differentiated 
into osteoblasts using osteogenic medium. Characteristics of  these cells 
at first, second, third and fourth weeks were comprised with calvaria 
osteoblasts that were isolated from human calvaria by explanation 
culture method. To screen the characteristics of  both calvaria and the 
differentiated osteoblasts, we used western blot to identify protein 
levels, von Kossa staining for mineral matrix detection and alkaline 
phosphatase (ALP) assay kit (Sigma) for ALP activity measurement. 
Difference between calvaria and differentiated osteoblast cells were 
analyzed by one‑way ANOVA and P < 0.05 was considered as statistically 
significant.
Results: Alkaline phosphatase activity, collagen and mineral material 
production in differentiated osteoblasts at third week were more 
significantly than calvaria cells (P < 0.05). Our results indicated that there 
was no significant different in osteocalcin (OC) production between 
differentiated osteoblast at first, second and third weeks and calvaria 
cells but declined at fourth week (P < 0.05).
Conclusions: Our survey showed that cellular traits of  differentiated 
osteoblasts presented better than calvaria osteoblasts in vitro conditions. 
Therefore, we suggest that ADSCs could be used in next studies for 
bone tissue engineering.
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INTRODUCTION
Current treatments for defects of  bone based on kinds of  

grafts including autograft, allograft and xenograft are used.[1‑8] 
However, these methods are restricted due to pain, donor site 
morbidity, paresthesia, risk of  deep infection, virus transmission, 
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inflammation, disease transmission and finally 
host rejection.[9‑16]

Tissue engineering is a new method for 
resolution of  this problem. For engineering of  bone 
tissue the use of  autologous osteoblasts has several 
limitations including relatively few isolated cells 
from tissue and low expansion rates of  osteoblasts. 
Furthermore, in certain bone disease oseteoblasts 
are inappropriate for transplantation.[17]

Recently, the important role of  mesenchymal 
stem cells derived from adipose tissue is considered 
in engineering of  bone tissue.[18‑23] Characteristics 
of  differentiated osteoblasts from ADSCs 
including morphology, functionality, bone markers 
production and gene expression in compared with 
isolated osteoblasts from normal bone such as 
calvaria are unknown.

The aim of  this study was determination 
and comparison of  phenotypic characterization 
between differentiated osteoblasts from stem cells 
and calvaria osteoblasts in vitro.

METHODS

Stem cells isolation and differentiation
Mesenchymal stem cells were isolated from 

human adipose tissue (N  =  3, age  =  25‑55) by 
enzymatic digestive (1 mg collagenase per 1 g adipose 
tissue) and cultured in basis medium (DMEM + fetal 
bovine serum 10%  +  penicillin/streptomycin 
1%) (Gibco) at 37°C, and 5% CO

2
. Medium 

was changed twice a week. About 1  ×  105 cells 
ADSCs were differentiated by using osteogenic 
medium (basis medium  +  50 µg/ml ascorbic 
acid (Sigma), 10 mM β‑glycerol phosphate (Sigma), 
5  × 10‑8 M 1, 25 (OH) 2 vitamin D3 (Sigma) and 
10‑8 M dexamethasone (Sigma) for 4 weeks.[24]

Isolation of calvaria osteoblasts
Osteoblasts were obtained from segments of  4 

human calvaria bones by explantation culture. They 
were incubated in osteogenic medium at controlled 
conditions (5% CO2

,
 95% air and 37° C).[25] We used 

osteoblasts of  second passage for our survey.

Western blot method
After induction about 4  ×  106 cells were lysed 

using tris‑SDS 2% (pH 7.5). Protein samples were 
electrophoresed at 70 V for 120 min on 7% SDS 
polyacrylamide with 5% stacking gel. The proteins 

were transformed with nitrocellulose paper at 40 mA 
for 120 min. The nitrocellulose blot was blocked with 
a solution of  4% (W/V) dry milk for 3 h. The blot 
was washed in TTBS and then was incubated with 
monoclonal collagen type I antibody (Abcam) at 
a 1:1000 dilution for overnight. The goat anti‑mouse 
secondary antibody was added at dilution of  1:5000 
for 3 h. After final washing the proteins bands were 
detected with DAB (Sigma).

Also for detection of  osteocalcin, samples of  
proteins were dissolved in SDS sample without 
reducing agent and were electrophoresis using 16.5% 
polyacrylamide.[26] The proteins were transformed 
with nitrocellulose paper (pore size 0/2) at 40 mA 
for 2. The nitrocellulose blot was blocked with 
a solution of  4% (W/V) dry milk for 3 h. The 
blot was washed in TTBS and then was incubated 
with monoclonal osteocalcin antibody (Abcam) at 
a 1:1000 dilution for overnight. The goat anti‑mouse 
secondary antibody (Abcam) was added at dilution 
of  1:5000 for 3 h. After final washing the protein 
bands were detected with DAB (sigma). Results of  
western blot were determined with image J software 
as quantitatively.

Alkaline phosphatase assay
Alkaline phosphatase (ALP) activity was 

measured in supernatant of  calvaria and 
differentiated osteoblasts using an ALP assay 
kit (Sigma) with p‑nitrophenyl phosphate as 
substrate.[27]

Von kossa staining
Calvaria and differentiated osteoblasts were 

investigated for produced mineralized bone matrix 
by von Kossa staining.[28] The medium was removed 
and cells were washed twice with phosphate buffer 
saline (PBS) and fixed with 4% paraformaldehyde in 
PBS for 15 min. Silver nitrate solution 1% was added 
in dark condition for 40 min. Then pirogallol 1% and 
sodium thiosulfate 5% were added for 3 min. The 
plates were washed and stained with acid fuchsin 
and observed with light microscope (Nikon).

Statistical analysis
Comparison of  phenotypic characterization 

between differentiated osteoblasts in first, second, 
third and fourth week from stem cells and calvaria 
osteoblasts in vitro were analyzed by one‑way 
ANOVA and P < 0.05 was considered as statistically 
significant.
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RESULTS
Calvaria osteoblasts presented as fibroblast‑like 

cells, as well as differentiated osteoblasts from 
ADSCs [Figure 1].

Comparison of protein level in calvaria and 
differentiated osteoblasts

According our observation, there was no 
significant different in osteocalcin production 
between calvaria and differentiated osteoblast at first, 
second, third week, but osteocalcin level declined at 
fourth week in differentiated group [Figures 2 and 3].

Collagen production of  differentiated osteoblasts 
were more than calvaria osteoblasts in each 4 times 
significantly [Figures 4 and 5].

Alkaline phosphatase activity
Alkaline phosphatase activity in differentiated 

osteoblasts at third and fourth week was more 
significantly than calvaria osteoblasts but at first, 
second week was similar [Figure 6].

Mineralization
The result of  von Kossa staining showed 

the formation of  minerals by calvaria and 
differentiated osteoblasts. Dark brown colored 
nodules were increased in differentiated cells 

Figure 1: (a) Morphology of osteoblasts isolated from calvaria 
(b) differentiated osteoblasts from adipose-derived stem cells

Figure 2: SDS-PAGE and western blot of osteocalcin 
in calvaria osteoblasts and differentiated osteoblasts at 
first week (a) second week (b) third week (c) and fourth 
week (d) Fibroblast used as negative control. Monoclonal 
osteocalcin antibody (Abcam) was conjugated with both of 
per-osteocalcin and osteocalcin and we have two bands in 
all of times

Figure 3: Comparison of osteocalcin in calvaria and 
differentiated osteoblasts. One-way ANOVA revealed 
significant different between calvaria osteoblasts and 
differentiated osteoblasts at fourth week (P < 0.05) and other 
differentiated osteoblasts were not significantly different 
from calvaria osteoblasts

a

b
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at third week compared to second week. Also, 
mineralization in these cells was more than calvaria 
osteoblasts [Figure 7].

DISCUSSION
ADSCs were suggested to use in creation of  

osteoblasts but characteristics of  these cells in 
comparison with natural osteoblasts are unknown. 
The aim of  our study was determination of  this 
question.

Carinci and coworkers compared genetic 
portraits of  osteoblasts derived from primary 
cultures and osteoblasts obtained from human 

Figure 4: SDS-page and western blot of collagen in calvaria 
osteoblasts and differentiated osteoblasts at first week 
(a) second week (b) third week (c), and fourth week (d). 
Fibroblast used as negative control

Figure 5: CompaAQ2rison of collage levels in calvaria 
and differentiated osteoblasts. One-way ANOVA revealed 
significant different between calvaria osteoblasts and 
differentiated osteoblasts 4 times (P = 0.0005)

Figure 6: Comparison of alkaline phosphatase levels 
in calvaria and differentiated osteoblasts. One-way 
ANOVA revealed significant difference between 
natural and differentiated osteoblasts at third and fourth 
week (P = 0.0005) and other differentiated osteoblasts were 
not significantly different from calvaria osteoblasts

Figure 7: Van Kossa staining of mineralized deposits in 
calvaria osteoblasts (a) Differentiated osteoblasts at second 
week.(b) Differentiated osteoblasts at third week. (c) Dark 
brown colored nodules in differentiated cells at third week 
were more than calvaria and differentiated osteoblasts at 
second week

a

b

c
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pulpar stems. They showed that some molecular 
differences exist between normal osteoblasts 
and osteoblasts derived from human pulpar stem 
cells.[29]

In our study, comparison of  protein level in 
calvaria and differentiated osteoblasts showed, 
no significant different in osteocalcin production 
between calvaria and differentiated osteoblast at 
first, second, third week, but osteocalcin level was 
declined at fourth week in differentiated group. 
Some researches indicated that protein secretion 
was decreased in differentiated osteoblasts on 
monolayer culture after 3 weeks as our results, 
but Celic and coworkers have demonstrated 
that the production of  some bone protein such 
as osteocalcin in differentiated cells was more 
than calvaria cells. It is late marker of  bone 
formation that was expressed at the end of  matrix 
maturation.[30]

Ducy and coworkers measured osteocalcin 
with RIA and osteocalcin gene expression by 
using real time PCR and showed osteocalcin 
secreted at second week,[31] but in our study 
osteocalcin produced at first week. Boudreaux 
et al. demonstrated that 1, 25 (OH) 2 vitamin D3 
stimulated osteocalcin production in stem cells 
during osteogenesis,[32] which it is in accordance 
with our results.

Collagen is another bone marker, which is 
the main composing of  bone tissue. The primary 
function of  differentiated osteoblasts is collagen 
synthesis. This protein has main role as substrate 
for the deposition of  hydroxyapatite crystals during 
mineralization.[31] George et al. have reported 
that collagen was increased until 21 days and it 
was declined after 3 weeks.[33] Our observation 
demonstrated that synthesis of  collagen of  
differentiated osteoblasts in each 4 weeks was more 
than calvaria osteoblasts.

We showed that alkaline phosphatase activity in 
differentiated osteoblasts at third and fourth week 
was more significantly than calvaria osteoblasts but 
at first, second week was similar.

This enzyme links to membrane’s phospholipids 
of  matrix vesicles. Some studies indicated that 
ALP activity was increased during osteoblast 
differentiation in monolayer and collagen 
scaffold.[33] Here, we showed that ALP was 
increased during osteogenesis process until 3 weeks. 
Some articles reported that dexamethasone and 

1, 25(OH) 2D3 increase ALP activity in stem 
cells.[34] Others reported that type I collagen 
influences on osteopontin and ALP mRNA 
levels in rat osteosarcoma osteoblast‑like cell line 
UMR106‑06.[30] It explains relationship of  high 
collagen level and ALP activity at third week.

The formation of  minerals was increased in 
differentiated cells at third week compared to 
second week and more than calvaria osteoblasts in 
our study. Researchers have reported that ALP has 
an important role in deposition of  hydroxyapatite 
on extracellular matrix.[35,36]

Sugawara et al. showed that ALP activity is 
necessary for mineralization process of  bone 
formation.[37] Furthermore, greater ALP activity 
would affect on more bone formation, which has 
been suggested by other authors.[37] Extracellular 
matrix proteins have main role in mineralization 
of  bone. It has an important role in checking 
nucleation of  hydroxyapatite crystals and it 
regulates bone crystal growth[37,38]

In our research, osteocalcin, ALP activity 
and collagen in differentiated osteoblasts were 
in highest level at third week in comparison with 
other weeks.

CONCLUSION
In summary, our results extend the 

information concerning production of  known 
osteoblast‑associated markers by differentiated 
ADSCs. We indicated that characteristics of  
differentiated osteoblasts are better than calvaria 
osteoblasts in vitro condition.
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