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Abstract 

Background: Bone regeneration studies involving the use of chitosan–hydroxyapatite scaffold 

seeded with human amnion mesenchymal stem cells have largely incorporated tissue engineering 

experiments. However, at the time of writing, the results of such investigations remain unclear.   

Purpose: The aim of this study was to explain the osteogenic differentiation of the scaffold 

chitosan–hydroxyapatite that is seeded with human amnion mesenchymal stem cells (hAMSC)  

in the regeneration of calvaria bone defect. Materials and Methods: Chitosan-hydroxyapatite 

(Ch-HA) scaffold was created by lyophilization method. 20 male Wistar rat subjects were 

randomly divided into two groups: control and treatment. Defects were created in the calvarial 

bone of the control and treatment group subjects, but a scaffold was subsequently implanted only 

in the treatment group members. After observation lasting 1 and 8 weeks, the subjects were 

terminated and examined histologically and immunohistochemically. Result: Angiogenesis; 

expression of vascular endothelial growth factor (VEGF); bone morphogenetic protein (BMP); 

RunX-2; alkaline phosphatase (ALP); type-1 collagen; osteocalcin and the area of new trabecular 

bone were all significantly greater in the tissue-engineered group compared to the control group. 

Statistical analysis was significant according to the results of an ANOVA test using SPSS 

software version 15.0. Conclusion: A combination of hAMSCs with Ch-HA scaffold 

demonstrated osteogenic differentiation in the re-generation of calvaria bone defects and, 

consequently, can serve as an alternative for the bone regeneration process.   

Keywords: human amniotic mesenchymal stem cells, chitosan-hydroxy apatite, scaffold, SEM 

images, bone tissue engineering.  

______________________________________________________________________________ 

  

Introduction 

Tissue engineering has been undertaken to remedy many medical conditions, for instance: 

complications arising from wound healing, bone defects, immune system responses, and donor-

transmitted disease. Three dimensional scaffolds were created to provide adequate support 

forming an extracellular matrix that enables cells to proliferate and differentiate.  Scaffold made 

from Chitosan – Carbonate Apatite (Ch-CA) has been reported as producing a robust, interconnected 

three-dimensional (3D) porous structure which could support the proliferation and differentiation 

of osteoblast during osteogenic differentiation.(1,2) The biocompatibility of hydroxyapatite (HA) 

and the resemblance of its mineral composition to bone has rendered it an ideal material for bone 

tissue engineering (BTE). The development of HA into a 3-dimensional (3D) scaffold or a 



support to mesenchymal stem cells (MSC) in vitro has also been extensively explored. HA 

scaffolds offer massive advantages within the field of BTE. (3,4) 

Human amniotic mesenchymal stem cells (hAMSCs) derived from human placentas are known 

for their pluripotent properties; ability to differentiate into three forms of germ layer; and 

efficacy in reducing both potential inflammation and immune reaction(5,6).  A combination of 

Chitosan-Hidroxy-apatite scaffold and hAMSCs was expected to intensify osteogenesis. The aim 

of this study was to observe the effect of Ch-HA scaffold seeding with hAMSCs within tissue 

engineering techniques.  

Materials and Methods 

Isolation and culture of human amniotic mesenchymal stem cells. 

The isolation and culture procedure was performed following the securing of approval from the 

faculty’s research ethics committee (No. 378/Panke. KKE/VII/2015). Material from a newly-

formed amnion was peeled from the chorion and rinsed using phosphate-buffered saline (PBS). 

The amnion was then soaked in Ringer’s lactate (RL) containing 2.5 µg/mL gentamycin and 

1000 U/mL amphotericin which had been obtained from Gibco TM Amphotericin B, New York, 

USA. 

The isolation and culture of hAMSCs using a modified Soncino’s protocol.Small, fine 

pieces of amniotic membrane were treated with 0.25% trypsin in order to remove the epithelial 

cells. Centrifugation of five minutes duration at 2,000 rpm was carried with the supernatant 

subsequently being removed. This procedure was then repeated. The supernatant was washed 

using PBS containing 0.075 mg/ml DNase 1 (Takara Bio, Shiga, Japan) and 0.75 mb/ml type IV 

collagenase (Sigma-Aldrich, St. Louis, MO, USA). Incubation of the amnion was performed at 

370C for 60 minutes. Filtration and centrifugation lasting five minutes were performed to obtain 

cells. Single cells culture were created then using collagen–coated discs. The medium for the 

cells consisted of Dulbecco’s modified Eagle’s medium/Nutrient Mixture F-12 (DMEM/F12) at 

a ratio of 1:1, added to fetal bovine serum and 10 ng/mL human leukemia inhibitory factor 

(Gibco BRL, Gaithersburg, MD, USA). This medium was replaced every three days. Once the 

cell growth had reached a confluent stage (80%), the cell was split using trypsin. The laboratory 

stem cell protocol was implemented as the isolation procedure.  

 



The chitosan-hydroxy apatite scaffold preparation  

Chitosan-hydroxy apatite scaffold was prepared by dissolving 200mg of medium-molecular 

weight Ch powder (Sigma-Aldrich, St. Louis, MO, USA) into 5ml of ethanoic acid at room 

temperature and mixing them for 15 minutes. 15ml of sodium hydroxide solution was used for 

neutralizing purposes in obtaining chitosan gel. Furthermore, samples of the chitosan gel were 

mixed homogenously with 200mg of HA prior to centrifuging at 1,500 rpm for ten minutes. 

After extraction of excess water, the solution gel was placed into the specific mold to produce 

scaffolds. Before being transferred to a drying machine, the gel was frozen for two hours at -800 

C. 

Cell Proliferation measurement in Ch-HA scaffold 

Human Amniotic Mesenchymal Stem Cells were deposited onto a 96-well cell culture plate 

(M96) at a density of 5 x 104 cell/well and incubated at 370C for 24 hours with CO2 5% 

concentration. Once the cell proliferation population had reached 80%, Ch-HA scaffold was 

added together with 100 µL of growth medium. The cells underwent a second incubation at 370C 

for 20 hours with 5% CO2. After the addition of 5 mg/mL MTT reagent (25 µL/well), the cells 

were incubated a second time for four hours before being observed under an inverted 

microscope. The scaffold and medium were removed and added to 200 µL/well DMSO. A 595 

nm wave length ELISA reader was employed to read the absorbance, while the living cells were 

counted by means of a Cell Counting Kit. 

SEM imaging 

2% glutaraldehyde was used to fixate hAMSC-seeded on Ch-HA scaffold at 400C for 2-3 hours. 

The subsequent stage in the procedure consisted of washing with PBS solution three times every 

five minutes. After exposure to osmic acid 1% for 1-2 hours, the cells were washed again with 

PBS. A 15-20 minute dehydration procedure using alcohol at varying concentrations (30% - 

100%) was also completed for each concentration. The scaffold was dehydrated using a critical 

point drying (CPD) device, attached to a stud pad with specific adhesive, and coated with pure 

gold. The scaffold was examined under a scanning microscope and photographed by means of a 

scanning electron microscope (JEOL JSM-T100, Japan). 

 



Preparation of experimental subjects  

20 male Wistar rats were used as the animal subjects of the experiment. The inclusion criteria 

applied were as follows: aged 8-12 weeks old and weighing 100-150 grams. The subjects were 

randomly divided into a control group and a treatment group of equal size which were observed 

during weeks 1 and 8.  

Chitosan-hydroxy apatite scaffold implantation procedure in the calvarial bone of rats 

An anaesthetic procedure was performed 4-6 hours after the subjects were denied further food 

and water. 20mg of Ketamin HCL (Ketalar, Ireland) per kg of body weight and 3mg of Xylazine 

(Xyla,Ireland) per kg of body weight were injected intramuscularly. A mid-longitudinal skin 

incision was then made on the cranium dorsal surface after an aseptic procedure had been 

completed. The periosteum of the cranium was separated from the surface in order to produce a 

flap. A 2 mm diameter, circular, low speed bur (NSK, Japan) was used to create the bone defect 

5 mm in diameter. The scaffold was implanted and sutured in order to re-attach the wound area 

but only in the treatment group.   

Termination of animal models and collection of research specimens.  

The subjects were sacrificed during weeks 1 and 8 in order to obtain the required specimens. The 

implantation region was decalcified and embedded in paraffin to produce microscopic 

specimens.  In order to highlight the angiogenesis and trabecular bone area, the specimens were 

stained with Hematoxylin and Eosin, while post-scaffold implantation immunohistochemical 

staining (using BMP2, RunX-2, Alkaline phosphatase, Type-1 collagen, Osteocalcin, and VEGF) 

of the specimens of cranium calvarial preparations was carried out. The Remmele Scale Index 

was used to measure the raw data. A Nikon H600L (Tokyo, Japan) light microscope and a DS 

Fi2 300-megapixel digital camera with image processing software (Nikon Image System) were 

respectively employed to examine the specimens and observe the tissue. 

Statistical analysis   

Results were presented as mean, values, and standard deviation. SPSS software version 15.0 

(SPSS, Inc., Chicago, IL, USA) was used to analyze the data by means of an ANOVA test and p 

< 0.05 was considered statistically significant.  



Result 

The chitosan–hydroxyapatite was a solid 3D scaffold 5mm in diameter and 2mm thick (Figure 

1). Toxicity tests incorporating the use of MTT Assay indicated that Ch-HA scaffold was not 

harmful to the hAMSC culture. The percentage of viable cells found in the Ch-HA scaffold was 

79.42. SEM imaging showed that cells were able to attach themselves to the Ch-HA scaffold’s 

porous surface that was embedded in the calvaria bone defect (Figure 2). SEM imaging of seeded 

cells in the scaffold are shown on Figure 3. All groups were examined for expression of  RunX2, 

alkaline phosphatase (ALP); collagen type 1; osteocalcin; angiogenesis; and bone trabecular 

formation after 8 weeks. All treatment groups possessed a higher mean value than the control 

group (Table 1). 

                 

Figure 1:                                       Figure 2: 

     Ch-HA scaffold                   SEM image of cells attached and proliferated into the scaffold 

pores              

                                                                    (SEM, 1000x magnification) 

 

 

 

 

 

 



  
  

    

    

  
  

Figure 3: Angiogenesis (a and b), VEGF (c and d), BMP2 (e and f), RunX-2 (g and h), akaline 

phosphatase (i and j), type-1 collagen (k and l), osteocalcin (m and n) and trabecular bone area (o 

and p). HAS: hydroxy-apatite-chitosan scaffold group. K: control group. 
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Table 1: The mean value and standard deviation for several parameters   

Parameter K HAS Ρ 

Angiogenesis 190,20  36,670a 569,60  79,773 0.015 

VEGF 5.4400±3.73915 7.6800±2.59461 0.443 

BMP2 3.4400±0.74027 7.6800±3.49457 0.051 

RunX-2 2.88±1.689 5.28±2.335 0.039 

ALP 1.32  0,228 4.72  2.637 0.009 

Type-1 collagen 2.92  1.501 9.04  1.486 0.004 

Osteocalcin 4.52  3.196 6.84  2.321 0.005 

Trabecular bone area 58,279.99  5,769.328 105,138.85  22,459.330 0.036 

Ρ<0.05 showed statistically significant. 

K : control group; HAS: Hidroxy – apatite – chitosan scaffold group  

Tambahkan grafik 

Discussion 

In this study, an attmept was made to combine chitosan with hidroxy-apatite in order to create 

Ch-HA scaffold. 200mg Chitosan and 200mg hidroxy-apatite were mixed using a lyophilization 

technique. Alkaline salt ions were eliminated through a process of desalination. In the 

experiment conducted, the scaffold characteristics included; retentiveness without brittleness, 

and a sponge-like rather than solid structure. SEM imaging showed that the Ch-HA scaffold had 

a three dimensional structure with a porous surface. hAMSC could attach to and proliferate 

effectively within the scaffold’s porosity. The interconnected interstices of the scaffold were 

highly retentive and an excellent niche for osteoblast proliferation and differentiation. The ideal 

pore structure for tissue engineering scaffold ranged from 40-300 µm since this enabled vascular 

tissue migration and tissue growth(2,7).  

The investigation was conducted to observe the interaction between scaffold and human 

osteoblast-like SaOS2 cells. SaOS2 cells were capable of adhering, proliferating and migrating to 

the surface of the scaffold. Furthermore, the number of living cells was higher on porous scaffold 

than dense HA(9) 

 The potential of hAMSCs to act as a form of xenogenic MSCs during bone tissue 

engineering procedures has been thoroughly investigated. Several studies utilizing xenogenic 

hAMSCs transplantation in various organs of rats confirmed a less intense immune reaction that 

could affect the tissue healing process. (10-12) 



 The first three days post-implantation consists the inflammatory phase, that is, the initial 

bone healing stage. During this phase, the hypoxic condition of the Ch-HA scaffold and the 

degranulation of platelets resulting from hematoma trigger increased VEGF expression that, in 

turn, induces angiogenesis which is essential in early healing processes. Functional capillary 

tissues provide nutritional intake, essential bioactive molecules, and adequate oxygen tension (13) 

Angiogenesis plays an important role in the healing process in bone defects because it ensures 

cell survival in the scaffold.(14) Mesenchymal stem cells placed in hypoxic conditions enhance 

the expression of angiogenic factors, mainly VEGF (15) Which methods showed that msc was 

placed in hypoxic condition? Should be added tin materials and methods 

During the early stages of the regeneration process, the proliferation of MSC was followed by 

the differentiation of osteoblas. External signals produced by MSC and osteoblasts, particularly 

BMP2 protein, influence this regeneration process. In later stages, activation of transcription 

factor RunX-2 led by BMP2 helped induce MSC differentiation of preosteoblast and 

osteoprogenitors, which, in turn, continued to form a collagen and non-collagen bone matrix. (16) 

The bone matrix maturation level was shown by the expression of type 1 collagen fibers. 

Mineralization within the bone matrix maturation process will be influenced by type 1 collagen 

in previous stages. If the maturation level of bone matrix increases, type 1 collagen fibers will 

also be thicker. 

In this experiment, matured osteoblast marker was identified by osteocalcin. Osteoblast 

specifically expressed osteocalcin that is a non-collagen protein present in bone matrix. (17,18) In 

the treatment group the area of trabecular bone at the end of eight weeks was significantly higher 

compared to that of the control group, leading to the conclusion that new bone formation in the 

treatment group rate was higher than that in the control group. 

The process of osteogenesis indicated by the expressions of ALP, type-1 collagen, and 

osteocalcin produced a better result in the treatment group compared to the control group. 

Therefore, the maturation level of bone matrix in the treatment group at the end of eight weeks 

was higher when compared to that of the control group. Mesenchymal stem cells could undergo 

differentiation to become osteoblasts, thereby producing the apropriate environment or stimulus. 

During osteogenic differentiation, several genes such as ALP, type 1 collagen, and osteocalcin 



were expressed by MSCs. At the time, when osteoblasts turn into osteocytes, ALP activity 

decreases. The latest marker of mature osteoblasts expressed by osteocytes was osteocalcin.  

In this study, certain limitations occurred, including lack of systematic complication. The 

purpose of this research was to focus on regeneration of calvarial bone defects using hAMSC 

and chitosan–hidroxyapatite scaffol. The study reported here should be continued to include 

research on their clinical application for bone augmentation.   

Conclusion  

Bone regeneration was more effective in the treatment group compared to the control group. The 

new trabecular bone area of treatment group members were found more solid than was the case 

with their control group counterparts. Combining Ch-HA scaffold and hAMSCs could be used as 

an alternative bone tissue engineering method in order to escalate the clinical use of bone 

formation.  
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Abstract 
Background: Bone regeneration studies involving the use of chitosan–hydroxyapatite scaffold 
seeded with human amnion mesenchymal stem cells have largely incorporated tissue engineering 
experiments. However, at the time of writing, the results of such investigations remain unclear.   
Purpose: The aim of this study was to explain the osteogenic differentiation of the scaffold 
chitosan–hydroxyapatite that is seeded with human amnion mesenchymal stem cells (hAMSC) in 
the regeneration of calvaria bone defect. Materials and Methods: Chitosan-hydroxyapatite (Ch-
HA) scaffold was created by lyophilization method. 20 male Wistar rat subjects were randomly 
divided into two groups: control and treatment. Defects were created in the calvarial bone of the 
control and treatment group subjects, but a scaffold was subsequently implanted only in the 
treatment group members. After observation lasting 1 and 8 weeks, the subjects were terminated 
and examined histologically and immunohistochemically. Result: Angiogenesis; expression of 
vascular endothelial growth factor (VEGF); bone morphogenetic protein (BMP); RunX-2; alkaline 
phosphatase (ALP); type-1 collagen; osteocalcin and the area of new trabecular bone were all 
significantly greater in the tissue-engineered group compared to the control group. Statistical 
analysis was significant according to the results of an ANOVA test using SPSS software version 
15.0. Conclusion: A combination of hAMSCs with Ch-HA scaffold demonstrated osteogenic 
differentiation in the re-generation of calvaria bone defects and, consequently, can serve as an 
alternative for the bone regeneration process.   

Keywords: human amniotic mesenchymal stem cells, chitosan-hydroxy apatite, scaffold, SEM 
images, bone tissue engineering.  

______________________________________________________________________________ 
  

Introduction 

Tissue engineering has been undertaken to remedy many medical conditions, for instance: 

complications arising from wound healing, bone defects, immune system responses, and donor-

transmitted disease. Three dimensional scaffolds were created to provide adequate support forming 

an extracellular matrix that enables cells to proliferate and differentiate.  Scaffold made from 

Chitosan – Carbonate Apatite (Ch-CA) has been reported as producing a robust, interconnected three-

dimensional (3D) porous structure which could support the proliferation and differentiation of 

osteoblast during osteogenic differentiation. (1,2) The biocompatibility of hydroxyapatite (HA) and 

the resemblance of its mineral composition to bone has rendered it an ideal material for bone tissue 

engineering (BTE). The development of HA into a 3-dimensional (3D) scaffold or a support to 
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mesenchymal stem cells (MSC) in vitro has also been extensively explored. HA scaffolds offer 

massive advantages within the field of BTE. (3,4) 

Human amniotic mesenchymal stem cells (hAMSCs) derived from human placentas are known 

for their pluripotent properties; ability to differentiate into three forms of germ layer; and efficacy 

in reducing both potential inflammation and immune reaction (5,6).  A combination of Chitosan-

Hidroxy-apatite scaffold and hAMSCs was expected to intensify osteogenesis. The aim of this 

study was to observe the effect of Ch-HA scaffold seeding with hAMSCs within tissue engineering 

techniques.  

Materials and Methods 

Isolation and culture of human amniotic mesenchymal stem cells. 

The isolation and culture procedure was performed following the securing of approval from the 

faculty’s research ethics committee (No. 378/Panke. KKE/VII/2015). Material from a newly-

formed amnion was peeled from the chorion and rinsed using phosphate-buffered saline (PBS). 

The amnion was then soaked in Ringer’s lactate (RL) containing 2.5 µg/mL gentamycin and 1000 

U/mL amphotericin which had been obtained from Gibco TM Amphotericin B, New York, USA. 

The isolation and culture of hAMSCs using a modified Soncino’s protocol. Small, fine 

pieces of amniotic membrane were treated with 0.25% trypsin in order to remove the epithelial 

cells. Centrifugation of five minutes duration at 2,000 rpm was carried with the supernatant 

subsequently being removed. This procedure was then repeated. The supernatant was washed 

using PBS containing 0.075 mg/ml DNase 1 (Takara Bio, Shiga, Japan) and 0.75 mb/ml type IV 

collagenase (Sigma-Aldrich, St. Louis, MO, USA). Incubation of the amnion was performed at 

370C for 60 minutes. Filtration and centrifugation lasting five minutes were performed to obtain 

cells. Single cells culture was created then using collagen–coated discs. The medium for the cells 

consisted of Dulbecco’s modified Eagle’s medium/Nutrient Mixture F-12 (DMEM/F12) at a ratio 

of 1:1, added to fetal bovine serum and 10 ng/mL human leukemia inhibitory factor (Gibco BRL, 

Gaithersburg, MD, USA). This medium was replaced every three days. Once the cell growth had 

reached a confluent stage (80%), the cell was split using trypsin. The laboratory stem cell protocol 

was implemented as the isolation procedure.  
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The chitosan-hydroxy apatite scaffold preparation  

Chitosan-hydroxy apatite scaffold was prepared by dissolving 200mg of medium-molecular 

weight Ch powder (Sigma-Aldrich, St. Louis, MO, USA) into 5ml of ethanoic acid at room 

temperature and mixing them for 15 minutes. 15ml of sodium hydroxide solution was used for 

neutralizing purposes in obtaining chitosan gel. Furthermore, samples of the chitosan gel were 

mixed homogenously with 200mg of HA prior to centrifuging at 1,500 rpm for ten minutes. After 

extraction of excess water, the solution gel was placed into the specific mold to produce scaffolds. 

Before being transferred to a drying machine, the gel was frozen for two hours at -800 C. 

Cell Proliferation measurement in Ch-HA scaffold 

Human Amniotic Mesenchymal Stem Cells were deposited onto a 96-well cell culture plate (M96) 

at a density of 5 x 104 cell/well and incubated at 370C for 24 hours with CO2 5% concentration. 

Once the cell proliferation population had reached 80%, Ch-HA scaffold was added together with 

100 µL of growth medium. The cells underwent a second incubation at 370C for 20 hours with 5% 

CO2. After the addition of 5 mg/mL MTT reagent (25 µL/well), the cells were incubated a second 

time for four hours before being observed under an inverted microscope. The scaffold and medium 

were removed and added to 200 µL/well DMSO. A 595 nm wave length ELISA reader was 

employed to read the absorbance, while the living cells were counted by means of a Cell Counting 

Kit. 

SEM imaging 

2% glutaraldehyde was used to fixate hAMSC-seeded on Ch-HA scaffold at 400C for 2-3 hours. 

The subsequent stage in the procedure consisted of washing with PBS solution three times every 

five minutes. After exposure to osmic acid 1% for 1-2 hours, the cells were washed again with 

PBS. A 15–20-minute dehydration procedure using alcohol at varying concentrations (30% - 

100%) was also completed for each concentration. The scaffold was dehydrated using a critical 

point drying (CPD) device, attached to a stud pad with specific adhesive, and coated with pure 

gold. The scaffold was examined under a scanning microscope and photographed by means of a 

scanning electron microscope (JEOL JSM-T100, Japan). 
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Preparation of experimental subjects  

20 male Wistar rats were used as the animal subjects of the experiment. The inclusion criteria 

applied were as follows: aged 8-12 weeks old and weighing 100-150 grams. The subjects were 

randomly divided into a control group and a treatment group of equal size which were observed 

during weeks 1 and 8.  

Chitosan-hydroxy apatite scaffold implantation procedure in the calvarial bone of rats 

An anesthetic procedure was performed 4-6 hours after the subjects were denied further food and 

water. 20mg of Ketamin HCL (Ketalar, Ireland) per kg of body weight and 3mg of Xylazine (Xyla, 

Ireland) per kg of body weight were injected intramuscularly. A mid-longitudinal skin incision 

was then made on the cranium dorsal surface after an aseptic procedure had been completed. The 

periosteum of the cranium was separated from the surface in order to produce a flap. A 2 mm 

diameter, circular, low speed bur (NSK, Japan) was used to create the bone defect 5 mm in 

diameter. The scaffold was implanted and sutured in order to re-attach the wound area but only in 

the treatment group.   

Termination of animal models and collection of research specimens.  

The subjects were sacrificed during weeks 1 and 8 in order to obtain the required specimens. The 

implantation region was decalcified and embedded in paraffin to produce microscopic specimens.  

In order to highlight the angiogenesis and trabecular bone area, the specimens were stained with 

Hematoxylin and Eosin, while post-scaffold implantation immunohistochemical staining (using 

BMP2, RunX-2, Alkaline phosphatase, Type-1 collagen, Osteocalcin, and VEGF) of the 

specimens of cranium calvarial preparations was carried out. The Remmele Scale Index was used 

to measure the raw data. A Nikon H600L (Tokyo, Japan) light microscope and a DS Fi2 300-

megapixel digital camera with image processing software (Nikon Image System) were respectively 

employed to examine the specimens and observe the tissue. 

Statistical analysis   

Results were presented as mean, values, and standard deviation. SPSS software version 15.0 

(SPSS, Inc., Chicago, IL, USA) was used to analyze the data by means of an ANOVA test and p 

< 0.05 was considered statistically significant.  
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Result 

The chitosan–hydroxyapatite was a solid 3D scaffold 5mm in diameter and 2mm thick (Figure 1). 

Toxicity tests incorporating the use of MTT Assay indicated that Ch-HA scaffold was not harmful 

to the hAMSC culture. The percentage of viable cells found in the Ch-HA scaffold was 79.42. 

SEM imaging showed that cells were able to attach themselves to the Ch-HA scaffold’s porous 

surface that was embedded in the calvaria bone defect (Figure 2). SEM imaging of seeded cells in 

the scaffold are shown on Figure 3. All groups were examined for expression of RunX2, alkaline 

phosphatase (ALP); collagen type 1; osteocalcin; angiogenesis; and bone trabecular formation 

after 8 weeks. All treatment groups possessed a higher mean value than the control group (Table 

1). 

                 

Figure 1:                                       Figure 2: 
     Ch-HA scaffold                   SEM image of cells attached and proliferated into the scaffold pores              
                                                                    (SEM, 1000x magnification) 

 

 

 

 

 

 

Commented [A22]: hAMSC or hAMSCs? 

Commented [A23]: bone trabecular formation or 
trabecular bone area? Which one is correct? 



  
  

    

    

    
Figure 3: Angiogenesis (a and b), VEGF (c and d), BMP2 (e and f), RunX-2 (g and h), akaline 
phosphatase (i and j), type-1 collagen (k and l), osteocalcin (m and n) and trabecular bone area (o 
and p). HAS: hydroxy-apatite-chitosan scaffold group. K: control group. 
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Table 1: The mean value and standard deviation for several parameters   

Parameter K HAS Ρ 
Angiogenesis 190,20 ± 36,670a 569,60 ± 79,773 0.015 
VEGF 5.4400±3.73915 7.6800±2.59461 0.443 
BMP2 3.4400±0.74027 7.6800±3.49457 0.051 
RunX-2 2.88±1.689 5.28±2.335 0.039 
ALP 1.32 ± 0,228 4.72 ± 2.637 0.009 
Type-1 collagen 2.92 ± 1.501 9.04 ± 1.486 0.004 
Osteocalcin 4.52 ± 3.196 6.84 ± 2.321 0.005 
Trabecular bone area 58,279.99 ± 5,769.328 105,138.85 ± 22,459.330 0.036 

Ρ<0.05 showed statistically significant. 
K : control group; HAS: Hidroxy – apatite – chitosan scaffold group  

 

Discussion 

In this study, an attmept was made to combine chitosan with hidroxy-apatite in order to create Ch-

HA scaffold. 200mg Chitosan and 200mg hidroxy-apatite were mixed using a lyophilization 

technique. Alkaline salt ions were eliminated through a process of desalination. In the experiment 

conducted, the scaffold characteristics included; retentiveness without brittleness, and a sponge-

like rather than solid structure. SEM imaging showed that the Ch-HA scaffold had a three 

dimensional structure with a porous surface. hAMSC could attach to and proliferate effectively 

within the scaffold’s porosity. The interconnected interstices of the scaffold were highly retentive 

and an excellent niche for osteoblast proliferation and differentiation. The ideal pore structure for 

tissue engineering scaffold ranged from 40-300 µm since this enabled vascular tissue migration 

and tissue growth(2,7).  

The investigation was conducted to observe the interaction between scaffold and human 

osteoblast-like SaOS2 cells. SaOS2 cells were capable of adhering, proliferating and migrating to 

the surface of the scaffold. Furthermore, the number of living cells was higher on porous scaffold 

than dense HA(9) 

 The potential of hAMSCs to act as a form of xenogenic MSCs during bone tissue 

engineering procedures has been thoroughly investigated. Several studies utilizing xenogenic 

hAMSCs transplantation in various organs of rats confirmed a less intense immune reaction that 

could affect the tissue healing process. (10-12) 
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 The first three days post-implantation consists the inflammatory phase, that is, the initial 

bone healing stage. During this phase, the hypoxic condition of the Ch-HA scaffold and the 

degranulation of platelets resulting from hematoma trigger increased VEGF expression that, in 

turn, induces angiogenesis which is essential in early healing processes. Functional capillary 

tissues provide nutritional intake, essential bioactive molecules, and adequate oxygen tension (13) 

Angiogenesis plays an important role in the healing process in bone defects because it ensures cell 

survival in the scaffold.(14) Mesenchymal stem cells placed in hypoxic conditions enhance the 

expression of angiogenic factors, mainly VEGF (15)  

During the early stages of the regeneration process, the proliferation of MSC was followed 

by the differentiation of osteoblas. External signals produced by MSC and osteoblasts, particularly 

BMP2 protein, influence this regeneration process. In later stages, activation of transcription factor 

RunX-2 led by BMP2 helped induce MSC differentiation of preosteoblast and osteoprogenitors, 

which, in turn, continued to form a collagen and non-collagen bone matrix. (16) 

The bone matrix maturation level was shown by the expression of type 1 collagen fibers. 

Mineralization within the bone matrix maturation process will be influenced by type 1 collagen in 

previous stages. If the maturation level of bone matrix increases, type 1 collagen fibers will also 

be thicker. 

In this experiment, matured osteoblast marker was identified by osteocalcin. Osteoblast 

specifically expressed osteocalcin that is a non-collagen protein present in bone matrix. (17,18) In 

the treatment group the area of trabecular bone at the end of eight weeks was significantly higher 

compared to that of the control group, leading to the conclusion that new bone formation in the 

treatment group rate was higher than that in the control group. 

The process of osteogenesis indicated by the expressions of ALP, type-1 collagen, and osteocalcin 

produced a better result in the treatment group compared to the control group. Therefore, the 

maturation level of bone matrix in the treatment group at the end of eight weeks was higher when 

compared to that of the control group. Mesenchymal stem cells could undergo differentiation to 

become osteoblasts, thereby producing the apropriate environment or stimulus. During osteogenic 

differentiation, several genes such as ALP, type 1 collagen, and osteocalcin were expressed by 

MSCs. At the time, when osteoblasts turn into osteocytes, ALP activity decreases. The latest 

marker of mature osteoblasts expressed by osteocytes was osteocalcin.  
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In this study, certain limitations occurred, including lack of systematic complication. The purpose 

of this research was to focus on regeneration of calvarial bone defects using hAMSC and chitosan–

hidroxyapatite scaffol. The study reported here should be continued to include research on their 

clinical application for bone augmentation.   

Conclusion  

Bone regeneration was more effective in the treatment group compared to the control group. The 

new trabecular bone area of treatment group members were found more solid than was the case 

with their control group counterparts. Combining Ch-HA scaffold and hAMSCs could be used as 

an alternative bone tissue engineering method in order to escalate the clinical use of bone 

formation.  
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Bone regeneration mechanism using a three dimensional chitosan - 

hydroxyapatite scaffold with human amnion mesenchymal stem cells.  

  

 

Abstract 

Background : Experimental study of bone tissue engineering, an alternative to autogenous bone 

graft showed promising result, however its healing mechanisms and effectiveness has not been 

fully understood until today. Purpose :.  The aim of this study is to describe the difference in 

bone healing mechanism and effectiveness between chitosan - hidroxy apatite seeding with 

hAMSC  in the regeneration of calvaria bone defect. Materials and Methods : Chitosan-

hydroxyapatite scaffold was created by lyophilization method. Twenty Whistar male rats were 

randomly divided into two groups : control and treatment.Defects were created in the calvarial 

bone of each rat in control and treatment group, but a scaffold was subsequently implanted only 

in treatment group. After 8 weeks, the rats were terminated for histology and immunochemistry 

examination. Result:  Angiogenesis, expression of vascular endothelial growth factor, alkaline 

phosphatase, type-1 collagen, osteocalcin and new trabecular bone area were significantly 

greater in the tissue-engineered group than that in the control group. Conclusion : These result 

showed that combination of hAMSCs with Ch-HA scaffold could become one of the alternative 

for bone tissue engineering. 

Keywords: human amniotic mesenchymal stem cells, chitosan-hydroxy apatite, scaffold, SEM 

images, bone tissue engineering.  

______________________________________________________________________________ 

  

Introduction 

 Tissue engineering technique has been attempted to solve many problems, such as 

complications in wound healing, insufficient supply of bone, immunogenic reaction and disease 

transmission from donor tissues and fluids. Three dimensional scaffolds have been created to 

provide adequate support as extracellular matrix that allows the cells to proliferate and 

differentiate. Chitosan-Carbonate Apatite (Ch-CA) scaffold is reported to have an 

interconnnected, non fragile three-dimensional (3D) porous structure and the ability to support 

proliferation and differentiation of osteoblast (1,2) The biocompatibility and resemblance of 

hydroxyapatite (HA) to the mineral composition of the bone has rendered HA a potential 

candidate in bone tissue engineering (BTE). Application of hydroxyapatite as a material to 

develop a 3-dimension scaffold or carrier to support mesenchymal stem cells in vitro has also 

been investigated. Thus, HA based scaffolds have tremendous potential in bone tissue 

engineering application (3,4) 
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 Human amniotic mesenchymal stem cells (hAMSCs) from human placenta have been known for 

their pluripotent properties, the ability to differentiate itself into three forms of germ layer whilst 

having anti inflammatory and low immunogenicity properties (5,6).  Combination of Chitosan-

Hidroxy-apatite scaffold and hAMSCs were expected to increase the new bone formation. The 

aim of this study is to examine the effect of Ch-HA scaffold that seeding with hAMSCs in tissue 

engineering technique.  

 

Materials and Methods 

Isolation and Culture of human amniotic mesenchymal stem cells. 

 This procedure was performed with the approval of the health research ethics commitee 

(No. 378/Panke. KKE/VII/2015). The fresh amnion was mechanically skinned from the chorion 

and was washed three times with phosphate-buffered saline (PBS) to remove excess blood before 

being soaked in Ringer’s lactate containing 2,5 µg/mL gentamycin (Gibco TM Gentamicin, New 

York, USA) and 1000 U/mL amphotericin (GibcoTM Amphothericin B, New York, USA). 

Isolation and culture of  hAMSCs was performed at the Stem Cell Research and Development 

Center. A modified Soncini’s protocol was employed for the isolation procedure. The amniotic 

membrane was cut into small fine pieces and subjected to 0,25% trypsin to remove epithelial 

cells. The supernatant was removed after 5 minutes of centrifugation at 2000 rpm., in which this 

protocol was done twice. The supernatant was washed with PBS containing 0,75 mg/mL of type 

IV collagenase (Sigma-Aldrich, St. Louis, MO, USA) and 0,075 mg/ML Dnase 1 (Takara Bio, 

Shiga, Japan), incubated at 37 C for 60 minutes. The cells were obtained after filtration and 5 

minute centrifugation. Single cells were then cultured on collagen-coated discs using Dulbecco’s 

minimal Eagle’s medium/Nutrient Mixture F-12 (DMEM/F12) (1:1) medium (Gibco BRL, 

Gaithersburg, MD, USA), supplemented by human leukemia inhibitory factor (10 ng/mL) and 

fetal bovine serum (Gibco BRL). The medium was changed every 3 days and when the 

confluence reached 80% cell spliting was performed using trypsin. The isolation procedure used 

was according to the laboratory of stem cell protocol.   

The chitosan-hydroxy apatite scaffold preparation  
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200 mg of medium-molecular weight Ch powder (Sigma-Aldrich, St.Louis, MO, USA) was 

dissolved in 5 ml acetic acid in room temperature, mixed for 15 min, neutralized using 15 ml 

NaOH solution to obtain chitosan gels. Then 200 mg of HA were homogenously mixed with the 

chitosan gels and centrifuged at 1500 rpm for 10 min. The excess water was extracted and an 

impression was made to produce a scaffold. The gel was frozen at -800C for 2 hours before 

transferred to a drying machine. 

Cell Proliferation measurement in Ch-HA scaffold 

Human Amniotic Mesenchymal Stem Cells were added into culture well 96 (M96) to a density 

of 5 x 104 cell/well and incubated for 24 hours in 370C and CO2 5%. After getting 80% of cell 

proliferation, Ch-HA scaffold was put into the well and 100 µL of medium was added to each 

well. The cells were incubated again for 20 hours in 370C and CO2 5%. 5mg/mL of MTT reagent 

(25 µL/well) was added to each well, incubated for 4 hours and was examined under inverted 

microscope. Scaffold and medium were removed and sDMSO was added to each well (200 

µL/well). The absorbance was read by using Elisa reader at 595 nm and the number of living 

cells were determined utilizing MTT assay using Cell Counting Kit. 

SEM Images of Ch-HA scaffold 

Scaffold Ch-HA that has been seeded with hAMSC, fixated with glutaraldehyde 2% for 2-3 

hours at 400C, washing by PBS solution 3 times for each 5 minutes. The solution subsequently 

was changed by osmic acid 1% for 1-2 hours and continued washing with PBS solution like 

before. Dehydration with multiple concentrated alcohol like 30%, 50%, 70%, 80%, 90% and 

absolute, 15-20 minute for every concentration. The following solution was Amyl acetate 

absolute as preservative solution until it becomes dry. Scaffold was dried with critical point 

drying (CPD) device. After sticking to pad stud (holder) with special glue and coating with pure 

gold with vacuum evaporator, scaffold was ready to examine and photo with scanning electron 

microscope (JEOL JSM-T100 Scanning Microscope, Japan ) 

Preparation of experimental animals  

The research reported here had been received approval from the Health Ethics Committee of the 

Faculty of Veterinary Medicine No. 49-KE. The animal subjects of the experiment were twenty 

male Wistar rats, aged between 8 to 12 weeks and weighing 100-150 gram. The rats were 
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divided equally into two groups: the treatment group and the control group, for randomized 

treatments. Each group was subdivided into further two goups: the first group was performed for 

1 week and the other performed for  8 weeks. 

Chitosan-hydroxy apatite scaffold implantation procedure in rat’s calvaria bone. 

The animal subjects were fasted from food for 4-6 hours before the anesthetic procedure. 

Ketamine HCL (Ketalar, Ireland) at a dose of 20 mg/kg of body weight and xylazine 

premedication (Xyla, Ireland) at 3 mg/kg body weight was injected intramuscularly. An aseptic 

procedure and mid-longitudinal skin incision on the dorsal surface of the cranium were carried 

out. A flap was cut untill the periosteum was released from the cranium surface. The bone defect 

site of 5 mm diameter was created to every rats using a low-speed contra-angle handpiece (NSK, 

Japan) with a 2mm thick round burr. The scaffold implanted into the defect site only for the 

treatment group and suturing was done to reattach the wound area.   

Termination of experimental animals and collection of research specimens.  

The animal rats were sacrificed in 1 week and  8 weeks to obtain the required specimens. The 

area of bone around the implantation was separated from the surrounding soft tissue. 

Decalcification and embedding in paraffin were completed for the manufacture of microscopic 

specimens. Hematoxylin and Eosin staining was performed to highlight the angiogenesis and the 

bone trabecular area. A secong staining was performed for further examination, including 

immunohistochemical imaging using anti-rabbit vascular endothelial growth factor (VEGF) 

polyclonal antibody (ABIN, USA), anti-rabbit bone morphogenetic protein 2 (BMP2) polyclonal 

antobody (ABIN, USA), anti-human Runx-2 monoclonal antibody (Cruz Biotech, USA), anti-

human osteocalcin monoclonal antibody (Novus Biological, USA), anti-human collagen type 1 

monoclonal antibody (Novus Biological, USA), and anti-human alkaline-phosphatase 

monoclonal antibody (Novus Biological, USA) on the surface of cranium calvarial preparations 

post scaffold implantation. The raw data were measured using a Remmele scale index. The 

specimens were thwn inspected by means of a light microscope (Nikon H600 L, Tokyo,Japan) 

equipped with a digital camera DS Fi2 300 megapixel and image processing sofware Nikon 

Image System. 
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Statistical analysis   

Data from the experiment described above were expressed as mean values ± deviation standard. 

Statistical significance was determined by means of ANOA using SPSS software version 15.0 

(SPSS, Inc., Chicago, IL., USA) and p<0,05 was considered statistically significant. 

 

Results 

The scaffolds were solid 3D structures of 5 mm diameter and 2 mm thickness. Toxicity tests with 

MTT Assay showed that Ch-HA scaffold was not toxic to hAMSC culture. The number of viable 

cells in Ch-HA scaffold was 79,42%  The result of examination and photo with SEM showed 

that cells could attached to the porosity  surface of the scaffold Ch-HA (Figure 1) implanted into 

the injury model of the calvarial bone defect. After  8 weeks, the expressions of VEGF, BMP2, 

RUNX2, alkaline phosphatase (ALP), collagen type 1, osteocalcin, angiogenesis, and bone 

trabecular width were observed. Microscopic results of this study are shown in Figure 2. 

In all treatment groups, the mean values were higher than in the control group. The results of 

statistical analysis are also shown in Table 1. 

                 

Figure 1:                                       Figure 2: 

     Ch-HA scaffold                   Cell could attach and proliferate among the pores of the scaffold                 

                                                                    (SEM, 1000x magnification) 
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 Figure 3 : Microscopic picture of sample at x 1000 magnification for angiogenesis (a and b), 

expression of Vascular Endothelial Growth Factor (c and d), Bone Morphogenetic Protein  2 

/BMP 2 (e and f), RUNX2 (g and h), alkaline phosphatase (i and j), type 1 collagen (k and l), 

osteocalcin (m and n), and trabecular bone area (o and p). HAS is the hydroxy-apatite-chitosan 

scaffold treatment group and K is the control group. 
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Table 1 : The mean value and standard deviation of experiments on various parameters. 

Parameter K HAS Ρ 

Angiogenesis 

VEGF 

BMP2 

RUNX2 

ALP 

Type 1 collagen 

Osteocalcin 

Trabecular bone area 

190,20  36,670 

5.44±3.79 

3.44±0.74 

2.88±1.69 

1.32±0.23 

2.92±1.50 

4.52±3.19 

58279,99  5769,33 

569,60  79,773 

7.68±2.59 

7.68±3.49 

5.28±2.33 

4.72±2.64 

9.04±1.49 

6.84±2.32 

105138,85  22459,33 

0,000a 

0.443 

0,051 

0,062 

0,038b 

0,012c 

0,026d 

0,002e 

The ρ<0,05 is considered statistically significantabcde 

HAS: Hidroxy-apatite-chitosan scaffold group; VEGF: Vascular endothelial growth factor; 

BMP2: Bone morphogenetic protein 2; ALP: Alkaline phosphatase 

Discussion 

 In the present study, we attempted to combine chitosan with hidroxy-apatite in making 

Ch-HA scaffold. We mixed 200 mg Chitosan and 200 mg hidroxy-apatite based on 

lyophilization technique. Desalination was conducted to remove alkaline salt ions. The result was 

scaffold that had retentive form without brittleness, sponge-like and not solid. Based on SEM 

images it was showed that Ch-HA scaffold had three dimensional structure with many pores and 

hAMSC could attached and proliferated among the porosity of the scaffold. The interconnected 

porous structure of the scaffold had good retentive forms and ability to support the proliferation 

and differentiation of osteoblasts. Scaffolds used for tissue engineering ideally should have 

porous structure with pore size ranging from 40-300 µm allowing tissue in growth and vascular 

tissue migration (2,7).  

The biological response of the scaffold was investigated using human osteoblast like SaOS2 

cells. The results showed that SaOS2 cells were able to adhere, proliferate and migrate into pores 

of scaffold. Furthermore, the cell viability was found to increase on porous scaffold  compared to 

dense HA(9) 

 The potential of hAMSCs as a form of xenogenic MSCs in bone tissue engineering 

procedure has been increasingly investigated. Several studies uitilizing xenogenic hAMSCs 

transplantation in may organs of rats revealed no significant immunologic response that could 

affect tissue healing processes.(10-12) 

 The early stage of healing process in bone defects begins with inflammatory phase, 

occuring within the first 3 days post implantation. In the inflammatory phase, the occurence of 
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platelet degranulation in the hematoma and hypoxic conditions within the Ch-HA scaffold 

triggers an increase in VEGF expression that induces angiogenesis. The occurrence of 

angiogenesis is essential in the early healing process, because functional capillary tissue will 

ensure adequate oxygen tension, nutritional intake and bioactive molecules (13). It was found in 

this study, that an increase in VEGF expression and capillary numbers occured in the treatment 

group compare to the control group. Angiogenesis  has an important role in cell survival in the 

scaffold as a bridge to the healing process in bone defects (14). Previous research has also shown, 

that if MSC is in a hypoxic microenvironment, it will increase the production of angiogenic 

factors, especially VEGF (15) 

During early stages of the regeneration process, MSC proliferation occurs followed by an 

osteoblastic differentiation process, which is influenced by external signals that produced by 

MSC and osteoblasts, particularly BMP2 protein. In the later stages, BMP2 leads to the 

activation of transcription factor RUNX2 to regulate MSC differentiation toward osteoprogenitor 

and preosteoblast, which serves to form a collagen and non collagen bone matrix (16).  

Examination of the expression of type 1 collagen fibers are performed to asses the maturation 

level of bone matrix. In later stages the type 1 collagen will undergo mineralization as part of 

bone matrix maturation process. The lower thickness of type 1 collagen fibers indicates the 

higher maturation level of bone matrix and vice versa.  

Osteocalcin is a non collagen protein in bone matrix specifically expressed by osteoblasts, which 

in this case is used as a matured osteoblast marker (17,18). The formation of new trabecular bone is 

the result of calvarial bone defect. The area of trabecular bone in the treatment group was 

significantly greater than that in the control group at the end of th 8th weeks. This finding 

concludes that the rate of new bone formation in the tissue-engineered group is higher than that 

in the control group. 

The analysis result of ALP, type-1 collagen and osteocalcin expressions, which represent an 

osteogenesis process, confirmed a higher increase in treatment group compared to  the control 

group. This situation indicates that the maturation level of bone matrix in the control group was 

lower than in the treatment group at the end of 8th weeks. MSC could differentiate into 

osteoblasts, given the apropriate environment or stimulus. MSCs would express several genes 

such as ALP, type 1 collagen and osteocalcin, while engaging in osteogenic differentiation. The 
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increase in those expressions indicated the occurrence of osteogenic differentiation. Once the 

osteoblast turns into osteocytes, ALP activity would decrease. Osteocalcin was thought to be the 

ultimate marker of mature osteoblasts that appear on osteocytes (19). The result of this study was 

consistent with other studies, that showed which under certain induction condition, stem cells 

isolated from the human amnion membrane could exhibit osteoblast differentiation (20) 

There are some limitations in this study, including the risk of complication systematically. This 

research only focused on the bone regeneration of the calvarial bone defect using hAMSC and 

Ch-HA scaffold. This study should be continued further included applied as future mandible 

augmentation.   

 

Conclusion  

Bone regeneration more effectively in the tissue-engineered group compare to the control group. 

The new trabecular bone area in the later stages of healing of the calvarial bone defects in the 

rats were greater in the treatment group than the control group. Combining application of Ch-HA 

sca ffold and hAMSCs could be suggested as a novel bone tissue engineering for provoking bone 

formation in clinical use.  
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Bone remodeling using a three dimensional chitosan - hydroxyapatite scaffold1
seeded with hypoxic conditioned human amnion mesenchymal stem cells2

Michael Josef Kridanto Kamadjaja3
Department of Prosthodontics, Faculty of Dental Medicine, Universitas Airlangga, Surabaya –4
Indonesia5

6
Abstract7
Background: Bone regeneration studies involving the use of chitosan–hydroxyapatite scaffold8
seeded with human amnion mesenchymal stem cells have largely incorporated tissue engineering9
experiments. However, at the time of writing, the results of such investigations remain unclear.10
Purpose: The aim of this study was to determine the osteogenic differentiation of the scaffold11
chitosan–hydroxyapatite that is seeded with hypoxia conditioned human amnion mesenchymal12
stem cells (hAMSCs) in the regeneration of calvaria bone defect. Methods: hAMSCs were13
cultured in hypoxia environment (5% oxygen, 10% carbon dioxide, 15% nitrogen) and seeded on14
the scaffold. Cell proliferation measurement was also being observed. Chitosan-hydroxyapatite15
(Ch-HA) scaffold of 5 mm diameter and 2 mm height was created by lyophilization and16
desalination method. Twenty male Wistar rat subjects (8 – 10 weeks, 200 - 250 grams) were17
randomly divided into two groups: control and treatment. Defects (similar size to scaffold size)18
were created in the calvaria bone of the control and treatment group subjects, but a scaffold was19
subsequently implanted only in the treatment group members. Control group left without20
treatment. After observation lasting 1 and 8 weeks, the subjects were terminated and examined21
histologically and immunohistochemically. Result: Angiogenesis; expression of vascular22
endothelial growth factor (VEGF); bone morphogenetic protein (BMP); RunX-2; alkaline23
phosphatase (ALP); type-1 collagen; osteocalcin and the area of new trabecular bone were all24
significantly greater in the tissue-engineered group compared to the control group. Statistical25
analysis was significant according to the results of an ANOVA test using SPSS software version26
15.0. Conclusion: All osteogenic marker and blood vessels marker were significantly increased27
in treatment group compared to control group. Therefore, a combination of hypoxia conditioned28
hAMSCs with Ch-HA scaffold demonstrated osteogenic differentiation in the re-generation of29
calvaria bone defects and, consequently, can serve as an alternative for the bone regeneration30
process.31

Keywords: human amniotic mesenchymal stem cells, chitosan-hydroxy apatite scaffold, SEM32
images, bone tissue engineering33

______________________________________________________________________________34
35

Introduction36

Tissue engineering has been undertaken to remedy many medical conditions, for instance:37

complications arising from wound healing, bone defects, immune system responses, and donor-38

transmitted disease. Three dimensional scaffolds were created to provide adequate support39

forming an extracellular matrix that enables cells to proliferate and differentiate. Scaffold made40
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from Chitosan – Carbonate Apatite (Ch-CA) has been reported as producing a robust, interconnected41

three-dimensional (3D) porous structure which could support the proliferation and differentiation42

of osteoblast during osteogenic differentiation.1,2 By combining chitosan and carbonate apatite43

into scaffold, this material was expected to increase its mechanical strength and reduce the44

degradation time. The biocompatibility of hydroxyapatite (HA) and the resemblance of its45

mineral composition to bone has rendered it an ideal material for bone tissue engineering (BTE).46

The development of HA into a 3-dimensional (3D) scaffold or a support to mesenchymal stem47

cells (MSC) in vitro has also been extensively explored. HA scaffolds offer massive advantages48

within the field of BTE.3,449

Human amniotic mesenchymal stem cells (hAMSCs) derived from human placentas are known50

for their pluripotent properties; ability to differentiate into three forms of germ layer; and51

efficacy in reducing both potential inflammation and immune reaction.5,6 A combination of52

Chitosan-Hydroxyapatite scaffold seeding with hAMSCs was expected to intensify osteogenesis.53

The aim of this study was to observe the effect of Ch-HA scaffold seeding with hAMSCs within54

tissue engineering techniques.55

56

Materials and Methods57

Isolation and culture of human amniotic mesenchymal stem cells.58

The isolation and culture procedure were performed following the securing of approval from the59

faculty’s research ethics committee (No. 378/Panke. KKE/VII/2015). Material from a newly-60

formed amnion was peeled from the chorion and rinsed using phosphate-buffered saline (PBS).61

The amnion was then soaked in Ringer’s lactate (RL) containing 2.5 µg/mL gentamycin and62

1000 U/mL amphotericin which had been obtained from Gibco TM Amphotericin B, New York,63

USA.64

The isolation and culture of hAMSCs using a modified Soncini’s protocol. Small, fine65

pieces of amniotic membrane were treated with 0.25% trypsin in order to remove the epithelial66

cells. Centrifugation of five minutes duration at 2,000 rpm was carried with the supernatant67

subsequently being removed. This procedure was then repeated. The supernatant was washed68

using PBS containing 0.075 mg/ml DNase 1 (Takara Bio, Shiga, Japan) and 0.75 mb/ml type IV69

collagenase (Sigma-Aldrich, St. Louis, MO, USA). Incubation of the amnion was performed at70
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370C for 60 minutes. Filtration and centrifugation lasting five minutes were performed to obtain71

cells. Single cells culture was created then using collagen–coated discs. The medium for the cells72

consisted of Dulbecco’s modified Eagle’s medium/Nutrient Mixture F-12 (DMEM/F12) at a73

ratio of 1:1, added to fetal bovine serum and 10 ng/mL human leukemia inhibitory factor (Gibco74

BRL, Gaithersburg, MD, USA). This medium was replaced every three days. Once the cell75

growth had reached a confluent stage (80%), the cell was split using trypsin. The laboratory stem76

cell protocol was implemented as the isolation procedure. hAMSCs were cultured in hypoxia77

chamber (1% oxygen, 5% carbon dioxide, and 94% nitrogen).78

79

The chitosan-hydroxy apatite scaffold preparation80

Chitosan-hydroxy apatite scaffold was prepared by dissolving 200mg of medium-molecular81

weight Ch powder (Sigma-Aldrich, St. Louis, MO, USA) into 5ml of ethanoic acid at room82

temperature and mixing them for 15 minutes. 15ml of sodium hydroxide solution was used for83

neutralizing purposes in obtaining chitosan gel. Furthermore, samples of the chitosan gel were84

mixed homogenously with 200mg of HA prior to centrifuging at 1,500 rpm for ten minutes.85

After extraction of excess water, the solution gel was placed into the specific mold to produce86

scaffolds (5 mm diameter and 2 mm height). Before being transferred to a drying machine, the87

gel was frozen for two hours at -800 C.1,288

89

Cell Proliferation measurement in Ch-HA scaffold90

Human Amniotic Mesenchymal Stem Cells were deposited onto a 96-well cell culture plate91

(M96) at a density of 5 x 104 cell/well and incubated at 370C for 24 hours with CO2 5%92

concentration. Once the cell proliferation population had reached 80%, Ch-HA scaffold was93

added together with 100 µL of growth medium. The cells underwent a second incubation at 370C94

for 20 hours with 5% CO2. After the addition of 5 mg/mL MTT reagent (25 µL/well), the cells95

were incubated a second time for four hours before being observed under an inverted microscope.96

The scaffold and medium were removed and added to 200 µL/well DMSO. A 595 nm wave97

length ELISA reader was employed to read the absorbance, while the living cells were counted98

by means of a Cell Counting Kit.1,299

wereDeleted[DA]:

Deleted[DA]:



100

SEM imaging101

2% glutaraldehyde was used to fixate hAMSCs-seeded on Ch-HA scaffold at 400C for 2-3 hours.102

The subsequent stage in the procedure consisted of washing with PBS solution three times every103

five minutes. After exposure to osmic acid 1% for 1-2 hours, the cells were washed again with104

PBS. A 15-minute dehydration procedure using alcohol at varying concentrations (30% - 100%)105

was also completed for each concentration. The scaffold was dehydrated using a critical point106

drying (CPD) device, attached to a stud pad with specific adhesive, and coated with pure gold.107

The scaffold was examined under a scanning microscope and photographed by means of a108

scanning electron microscope (JEOL JSM-T100, Japan).1,2109

110

Preparation of experimental subjects111

20 male Wistar rats were used as the animal subjects of the experiment. The inclusion criteria112

applied were as follows: aged 8-12 weeks old and weighing 100-150 grams. The subjects were113

randomly divided into a control group and a treatment group of equal size which were observed114

during weeks 1 and 8.115

116

Chitosan-hydroxy apatite scaffold implantation procedure in the calvaria bone of rats117

An anaesthetic procedure was performed 4-6 hours after the subjects were denied further food118

and water. 20mg of Ketamin HCL (Ketalar, Ireland) per kg of body weight and 3mg of Xylazine119

(Xyla,Ireland) per kg of body weight were injected intramuscularly. A mid-longitudinal skin120

incision was then made on the cranium dorsal surface after an aseptic procedure had been121

completed. The periosteum of the cranium was separated from the surface in order to produce a122

flap. A 2 mm diameter, circular, low speed bur (NSK, Japan) was used to create the bone defect123

5 mm in diameter. The scaffold was implanted and sutured in order to re-attach the wound area124

but only in the treatment group.1,2125

126
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127

Termination of animal models and collection of research specimens.128

The subjects were sacrificed during weeks 1 and 8 in order to obtain the required specimens. The129

implantation region was decalcified and embedded in paraffin to produce microscopic specimens.130

In order to highlight the angiogenesis and trabecular bone area, the specimens were stained with131

Hematoxylin and Eosin, while post-scaffold implantation immunohistochemical staining (using132

BMP2, RunX-2, Alkaline phosphatase, Type-1 collagen, Osteocalcin, and VEGF) of the133

specimens of cranium calvaria preparations was carried out. The Remmele Scale Index was used134

to measure the raw data. A Nikon H600L (Tokyo, Japan) light microscope and a DS Fi2 300-135

megapixel digital camera with image processing software (Nikon Image System) were136

respectively employed to examine the specimens and observe the tissue.2137

138

Statistical analysis139

The data were presented as mean values, and standard deviation. SPSS software version 15.0140

(SPSS, Inc., Chicago, IL, USA) was used to analyze the data by means of an ANOVA test and p141

< 0.05 was considered statistically significant.142

143

Result144

The chitosan–hydroxyapatite was a solid 3D scaffold 5mm in diameter and 2mm thick (Figure 1).145

Toxicity tests incorporating the use of MTT Assay indicated that Ch-HA scaffold was not146

harmful to the hAMSCs culture. The percentage of viable cells found in the Ch-HA scaffold was147

79.42 %. SEM imaging showed that cells were able to attach themselves to the Ch-HA scaffold’s148

porous surface that was embedded in the calvaria bone defect (Figure 2). SEM imaging of seeded149

cells in the scaffold are shown on Figure 3. All groups were examined for expression of RunX2,150

alkaline phosphatase (ALP); collagen type 1; osteocalcin; angiogenesis; and trabecular bone area151

after 8 weeks. All treatment groups possessed a higher mean value than the control group (Table152

1).153
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154

Figure 1: Figure 2:155
Ch-HA scaffold SEM image of cells attached and proliferated into the scaffold156

pores157
(SEM, 1000x magnification)158

159
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Figure 3: Angiogenesis (a and b), VEGF (c and d), BMP2 (e and f), RunX-2 (g and h), akaline160
phosphatase (i and j), type-1 collagen (k and l), osteocalcin (m and n) and trabecular bone area (o161
and p). HAS: hydroxy-apatite-chitosan scaffold group. K: control group.162

163

164
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j
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166

167

Figure 4. The mean value and standard deviation for several parameters observed after 8 weeks.168
K : control group; HAS: Hidroxy – apatite – chitosan scaffold. *: p < 0.05, **: p <0.01 showed169
statistically significant.170

171

172

Discussion173

In this study, an attmept was made to combine chitosan with hidroxy-apatite in order to create174

Ch-HA scaffold. Chitosan was combined with hydroxyapatite to increase the mechanical175

strength of the scaffold and decrease the degradation time of the material. 200mg Chitosan and176

200mg hidroxy-apatite were mixed using a lyophilization technique. Alkaline salt ions were177

eliminated through a process of desalination. In the experiment conducted, the scaffold178

characteristics included; retentiveness without brittleness, and a sponge-like rather than solid179

structure. SEM imaging showed that the Ch-HA scaffold had a three dimensional structure with180

a porous surface. hAMSCs could attach to and proliferate effectively within the scaffold’s181

porosity. The interconnected interstices of the scaffold were highly retentive and expected to be182

an excellent niche for osteoblast proliferation and differentiation. The ideal pore structure for183

StrikethroughFormatted[DA]:

StrikethroughFormatted[DA]:

DA
In methods section, you write the statement “p < 0.05 was considered statistically significant”, so you consider p<0.05 or p<0.01?

DA
Add references. If is it possible write the result of the previous research according to this statement.

DA
This statement is more suitable in result section.



tissue engineering scaffold ranged from 40-300 µm since this enabled vascular tissue migration184

and tissue growth.2,7185

The potential of hAMSCs to act as a form of xenogenic MSCs during bone tissue186

engineering procedures has been thoroughly investigated. Several studies utilizing xenogenic187

hAMSCs transplantation in various organs of rats confirmed a less intense immune reaction that188

could affect the tissue healing process.9–11189

The first three days post-implantation consists the inflammatory phase, that is, the initial190

bone healing stage. During this phase, the hypoxic condition of the Ch-HA scaffold and the191

degranulation of platelets resulting from hematoma trigger increased VEGF expression that, in192

turn, induces angiogenesis which is essential in early healing processes. Functional capillary193

tissues provide nutritional intake, essential bioactive molecules, and adequate oxygen tension. 12194

Angiogenesis plays an important role in the healing process in bone defects because it ensures195

cell survival in the scaffold.13 Mesenchymal stem cells placed in hypoxic conditions enhance the196

expression of angiogenic factors, mainly VEGF.14197

During the early stages of the regeneration process, the proliferation of MSC was followed by198

the differentiation of osteoblast. External signals produced by MSC and osteoblasts, particularly199

BMP2 protein, influence this regeneration process. In later stages, activation of transcription200

factor RunX-2 led by BMP2 helped induce MSC differentiation of preosteoblast and201

osteoprogenitors, which, in turn, continued to form a collagen and non-collagen bone matrix.15202

The bone matrix maturation level was shown by the expression of type 1 collagen fibers.203

Mineralization within the bone matrix maturation process will be influenced by type 1 collagen204

in previous stages. If the maturation level of bone matrix increases, type 1 collagen fibers will205

also be thicker.206

In this experiment, matured osteoblast marker was identified by osteocalcin. Osteoblast207

specifically expressed osteocalcin that is a non-collagen protein present in bone matrix.16,17 In208

the treatment group the area of trabecular bone at the end of eight weeks was significantly higher209

compared to that of the control group, leading to the conclusion that new bone formation in the210

treatment group rate was higher than that in the control group.211
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The process of osteogenesis indicated by the expressions of ALP, type-1 collagen, and212

osteocalcin produced a better result in the treatment group compared to the control group.213

Therefore, the maturation level of bone matrix in the treatment group at the end of eight weeks214

was higher when compared to that of the control group. Mesenchymal stem cells could undergo215

differentiation to become osteoblasts, thereby producing the apropriate environment or stimulus.216

During osteogenic differentiation, several markers such as ALP, type 1 collagen, and osteocalcin217

were expressed by MSCs. At the time, when osteoblasts turn into osteocytes, ALP activity218

decreases. The latest marker of mature osteoblasts expressed by osteocytes was osteocalcin.219

In this study, certain limitations occurred, including lack of systematic complication. The220

purpose of this research was to focus on regeneration of calvaria bone defects using hAMSCs221

and chitosan–hidroxyapatite scaffold. The study reported here should be continued to include222

research on their clinical application for bone augmentation.223

Conclusion224

Combining Ch-HA scaffold and hAMSCs could be used as an alternative bone tissue225

engineering method in order to escalate the clinical use of bone formation.226
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Bone remodeling using a three-dimensional chitosan - hydroxyapatite scaffold1
seeded with hypoxic conditioned human amnion mesenchymal stem cells2

Michael Josef Kridanto Kamadjaja3
Department of Prosthodontics, Faculty of Dental Medicine, Universitas Airlangga, Surabaya –4
Indonesia5

6
Abstract7
Background: Bone regeneration studies involving the use of chitosan–hydroxyapatite (Ch-HA)8
scaffold seeded with human amnion mesenchymal stem cells (hAMSCs) have largely9
incorporated tissue engineering experiments. However, at the time of writing, the results of such10
investigations remain unclear. Purpose: The aim of this study was to determine the osteogenic11
differentiation of the scaffold Ch-HA that is seeded with hAMSCs in the regeneration of calvaria12
bone defect. Methods: Ch-HA scaffold of 5 mm diameter and 2 mm height was created by13
lyophilization and desalination method. hAMSCs were cultured in hypoxia environment (5%14
oxygen, 10% carbon dioxide, 15% nitrogen) and seeded on the scaffold. Twenty male Wistar rat15
subjects (8 – 10 weeks, 200 - 250 grams) were randomly divided into two groups: control and16
hydroxyapatite scaffold (HAS). Defects (similar size to scaffold size) were created in the calvaria17
bone of the all-group subjects, but a scaffold was subsequently implanted only in the treatment18
group members. Control group left without treatment. After observation lasting 1 and 8 weeks,19
the subjects were examined histologically and immunohistochemically. Statistical analysis was20
done using ANOVA test. Result: Angiogenesis; expression of vascular endothelial growth factor;21
bone morphogenetic protein; RunX-2; alkaline phosphatase; type-1 collagen; osteocalcin and the22
area of new trabecular bone were all significantly greater in the HAS group compared to the23
control group. Conclusion: The three-dimensional Ch-HA scaffold seeded with hypoxic24
hAMSCs induced bone remodeling in calvaria defect according to the expression of the25
osteogenic and angiogenic marker.26

Keywords: human amniotic mesenchymal stem cells, chitosan-hydroxy apatite scaffold, hypoxia,27
bone tissue engineering28

______________________________________________________________________________29
30

Introduction31

Tissue engineering has been undertaken to remedy many medical conditions, for instance:32

complications arising from wound healing, bone defects, immune system responses, and donor-33

transmitted disease. Three dimensional scaffolds were created to provide adequate support34

forming an extracellular matrix that enables cells to proliferate and differentiate. Chitosan alone35

as a scaffold suffers from its mechanical strength. Chitosan could easily break and therefore not36

able to create a suitable matrix for cell delivery.1 Carbonate apatite also faces the similar problem,37

its brittle nature has limited its application as a scaffold. Therefore, combining both materials are38
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predicted to create stronger scaffold.2 Scaffold made from Chitosan – Carbonate Apatite (Ch-CA)39

has been reported as producing a robust, interconnected three-dimensional (3D) porous structure40

which could support the proliferation and differentiation of osteoblast during osteogenic41

differentiation.3,4 Hydroxyapatite has chemical structure that similar to human bone, therefore it42

has good affinity towards the bone and subsequently form chemical bond directly to the hard43

tissue. 5,6 By combining chitosan and carbonate apatite into scaffold, this material was expected44

to increase its mechanical strength and reduce the degradation time. The biocompatibility of45

hydroxyapatite (HA) and the resemblance of its mineral composition to bone has rendered it an46

ideal material for bone tissue engineering (BTE). The development of HA into a 3-dimensional47

(3D) scaffold or a support to mesenchymal stem cells (MSC) in vitro has also been extensively48

explored. HA scaffolds offer massive advantages within the field of BTE.7,849

Human amniotic mesenchymal stem cells (hAMSCs) derived from human placentas are known50

for their pluripotent properties; ability to differentiate into three forms of germ layer; and51

efficacy in reducing both potential inflammation and immune reaction.9,10 Chitosan-52

Hydroxyapatite scaffold seeded with hAMSCs was expected to intensify osteogenesis. The aim53

of this study was to observe the effect of Ch-HA scaffold seeded with hAMSCs within tissue54

engineering techniques.55

56

Materials and Methods57

Isolation and culture of human amniotic mesenchymal stem cells.58

The isolation and culture procedure were performed following the securing of approval from the59

faculty’s research ethics committee (No. 378/Panke. KKE/VII/2015). Material from a newly-60

formed amnion was peeled from the chorion and rinsed using phosphate-buffered saline (PBS).61

The amnion was then soaked in Ringer’s lactate (RL) containing 2.5 µg/mL gentamycin and62

1000 U/mL amphotericin which had been obtained from Gibco TM Amphotericin B, New York,63

USA.64

The isolation and culture of hAMSCs using a modified Soncini’s protocol. Small, fine65

pieces of amniotic membrane were treated with 0.25% trypsin in order to remove the epithelial66

cells. Centrifugation of five minutes duration at 2,000 rpm was carried with the supernatant67

subsequently being removed. This procedure was then repeated. The supernatant was washed68
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using PBS containing 0.075 mg/ml DNase 1 (Takara Bio, Shiga, Japan) and 0.75 mb/ml type IV69

collagenase (Sigma-Aldrich, St. Louis, MO, USA). Incubation of the amnion was performed at70

370C for 60 minutes. Filtration and centrifugation lasting five minutes were performed to obtain71

cells. Single cells culture was created then using collagen–coated discs. The medium for the cells72

consisted of Dulbecco’s modified Eagle’s medium/Nutrient Mixture F-12 (DMEM/F12) at a73

ratio of 1:1, added to fetal bovine serum and 10 ng/mL human leukemia inhibitory factor (Gibco74

BRL, Gaithersburg, MD, USA). This medium was replaced every three days. Once the cell75

growth had reached a confluent stage (80%), the cell was split using trypsin. The laboratory stem76

cell protocol was implemented as the isolation procedure. hAMSCs were cultured in hypoxia77

chamber (1% oxygen, 5% carbon dioxide, and 94% nitrogen).78

79

The chitosan-hydroxy apatite scaffold preparation80

Chitosan-hydroxy apatite scaffold was prepared by dissolving 200mg of medium-molecular81

weight Ch powder (Sigma-Aldrich, St. Louis, MO, USA) into 5ml of ethanoic acid at room82

temperature and mixing them for 15 minutes. 15ml of sodium hydroxide solution was used for83

neutralizing purposes in obtaining chitosan gel. Furthermore, samples of the chitosan gel were84

mixed homogenously with 200mg of HA prior to centrifuging at 1,500 rpm for ten minutes.85

After extraction of excess water, the solution gel was placed into the specific mold to produce86

scaffolds (5 mm diameter and 2 mm height). Before being transferred to a drying machine, the87

gel was frozen for two hours at -800 C.3,488

89

Cell Proliferation measurement in Ch-HA scaffold90

Human Amniotic Mesenchymal Stem Cells were deposited onto a 96-well cell culture plate91

(M96) at a density of 5 x 104 cell/well and incubated at 370C for 24 hours with CO2 5%92

concentration. Once the cell proliferation population had reached 80%, Ch-HA scaffold was93

added together with 100 µL of growth medium. The cells underwent a second incubation at 370C94

for 20 hours with 5% CO2. After the addition of 5 mg/mL MTT reagent (25 µL/well), the cells95

were incubated a second time for four hours before being observed under an inverted microscope.96

The scaffold and medium were removed and added to 200 µL/well DMSO. A 595 nm wave97



length ELISA reader was employed to read the absorbance, while the living cells were counted98

by means of a Cell Counting Kit.3,499

100

SEM imaging101

2% glutaraldehyde was used to fixate hAMSCs-seeded on Ch-HA scaffold at 400C for 2-3 hours.102

The subsequent stage in the procedure consisted of washing with PBS solution three times every103

five minutes. After exposure to osmic acid 1% for 1-2 hours, the cells were washed again with104

PBS. A 15-minute dehydration procedure using alcohol at varying concentrations (30% - 100%)105

was also completed for each concentration. The scaffold was dehydrated using a critical point106

drying (CPD) device, attached to a stud pad with specific adhesive, and coated with pure gold.107

The scaffold was examined under a scanning microscope and photographed by means of a108

scanning electron microscope (JEOL JSM-T100, Japan).3,4109

110

Preparation of experimental subjects111

20 male Wistar rats were used as the animal subjects of the experiment. The inclusion criteria112

applied were as follows: aged 8-12 weeks old and weighing 100-150 grams. The subjects were113

randomly divided into a control group and a treatment group of equal size which were observed114

during weeks 1 and 8.115

116

Chitosan-hydroxy apatite scaffold implantation procedure in the calvaria bone of rats117

An anaesthetic procedure was performed 4-6 hours after the subjects were denied further food118

and water. 20mg of Ketamin HCL (Ketalar, Ireland) per kg of body weight and 3mg of Xylazine119

(Xyla,Ireland) per kg of body weight were injected intramuscularly. A mid-longitudinal skin120

incision was then made on the cranium dorsal surface after an aseptic procedure had been121

completed. The periosteum of the cranium was separated from the surface in order to produce a122

flap. A 2 mm diameter, circular, low speed bur (NSK, Japan) was used to create the bone defect123

5 mm in diameter. The scaffold was implanted and sutured in order to re-attach the wound area124
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but only in the treatment group.3,4 The defect was subsequently sutured with blue nylon 5-0125

mono suture (Ailee Co. Ltd, Busan, Korea).126

127

Termination of animal models and collection of research specimens.128

The subjects were sacrificed during weeks 1 and 8 in order to obtain the required specimens. The129

implantation region was decalcified and embedded in paraffin to produce microscopic specimens.130

In order to highlight the angiogenesis and trabecular bone area, the specimens were stained with131

Hematoxylin and Eosin, while post-scaffold implantation immunohistochemical staining (using132

mouse anti-human monoclonal (Novus Biological, USA) and polyclonal (Thermo Scientific,133

USA) antibody: BMP2, RunX-2, Alkaline phosphatase, Type-1 collagen, Osteocalcin, and134

VEGF of the specimens of cranium calvaria preparations was carried out. The Remmele Scale135

Index was used to measure the raw data. A Nikon H600L (Tokyo, Japan) light microscope with136

1000x magnification and a DS Fi2 300-megapixel digital camera with image processing software137

(Nikon Image System) were respectively employed to examine the specimens and observe the138

tissue.4139

140

Statistical analysis141

The data were presented as mean values, and standard deviation. SPSS software version 15.0142

(SPSS, Inc., Chicago, IL, USA) was used to analyze the data by means of an ANOVA test and p143

< 0.05 was considered statistically significant.144

145

Result146

The chitosan–hydroxyapatite was a solid 3D scaffold 5mm in diameter and 2mm thick (Figure 1).147

Toxicity tests incorporating the use of MTT Assay indicated that Ch-HA scaffold was not148

harmful to the hAMSCs culture. The percentage of viable cells found in the Ch-HA scaffold was149

79.42 %. SEM imaging showed that cells were able to attach themselves to the Ch-HA scaffold’s150

porous surface that was embedded in the calvaria bone defect (Figure 2). Histological image of151

seeded cells in the scaffold are shown on Figure 3. All groups were examined for expression of152
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RunX2, BMP2, VEGF, alkaline phosphatase (ALP), collagen type 1, osteocalcin, angiogenesis153

and trabecular bone area after 8 weeks. All treatment groups possessed a higher mean value than154

the control group (Figure 4).155

156

Figure 1: Figure 2:157
Ch-HA scaffold SEM image of cells attached and proliferated into the scaffold158

pores159
(SEM, 1000x magnification)160
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Figure 3: Angiogenesis (a and b), VEGF (c and d), BMP2 (e and f), RunX-2 (g and h), akaline162
phosphatase (i and j), type-1 collagen (k and l), osteocalcin (m and n) and trabecular bone area (o163
and p) with 1000x magnification. HAS: hydroxy-apatite-chitosan scaffold group. K: control164
group.165

166

167

168

j

K

HAS KK

HAS HASK

DA
Please make these figures (A-P) into 1 file .jpg

DA
Seeded with hAMSCs?

DA
Please make these graphs into 1 file .jpg 
What’s the differences between orange, blue and green? If there’s no differences make the same colour or it can be categorized into IHC and HE examination.



169

170

Figure 4. The mean value and standard deviation for several parameters observed after 8 weeks.171
K : control group; HAS: Hidroxy – apatite – chitosan scaffold. *: p < 0.05showed statistically172
significant.173

174

Discussion175

In this study, an attempt was made to combine chitosan with hidroxy-apatite in order to create176

Ch-HA scaffold. Chitosan was combined with hydroxyapatite to increase the mechanical177

strength of the scaffold and decrease the degradation time of the material. hAMSCs could attach178

to and proliferate effectively within the scaffold’s porosity. The interconnected interstices of the179

scaffold were highly retentive and expected to be an excellent niche for osteoblast proliferation180

and differentiation. The ideal pore structure for tissue engineering scaffold ranged from 40-300181

µm since this enabled vascular tissue migration and tissue growth.4,11182

The potential of hAMSCs to act as a form of xenogenic MSCs during bone tissue183

engineering procedures has been thoroughly investigated. Several studies utilizing xenogenic184

hAMSCs transplantation in various organs of rats confirmed a less intense immune reaction that185

could affect the tissue healing process.12–14186
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The first three days post scaffold-implantation consists the inflammatory phase, that is,187

the initial bone healing stage. During this phase, the hypoxic condition of the Ch-HA scaffold188

and the degranulation of platelets resulting from hematoma trigger increased VEGF expression189

that, in turn, induces angiogenesis which is essential in early healing processes. Functional190

capillary tissues provide nutritional intake, essential bioactive molecules, and adequate oxygen191

tension. 15 Angiogenesis plays an important role in the healing process in bone defects because it192

ensures cell survival in the scaffold.16 Mesenchymal stem cells placed in hypoxic conditions193

enhance the expression of angiogenic factors, mainly VEGF.17194

During the early stages of the regeneration process, the proliferation of MSC was followed by195

the differentiation of osteoblast. External signals produced by MSC and osteoblasts, particularly196

BMP2 protein, influence this regeneration process. In later stages, activation of transcription197

factor RunX-2 led by BMP2 helped induce MSC differentiation of preosteoblast and198

osteoprogenitors, which, in turn, continued to form a collagen and non-collagen bone matrix.18199

The bone matrix maturation level was shown by the expression of type 1 collagen fibers.200

Mineralization within the bone matrix maturation process will be influenced by type 1 collagen201

in previous stages. If the maturation level of bone matrix increases, type 1 collagen fibers will202

also be thicker.19203

In this experiment, matured osteoblast marker was identified by osteocalcin. Osteoblast204

specifically expressed osteocalcin that is a non-collagen protein present in bone matrix.20,21 In205

the treatment group the area of trabecular bone at the end of eight weeks was significantly higher206

compared to that of the control group, leading to the conclusion that new bone formation in the207

treatment group rate was higher than that in the control group.208

The process of osteogenesis indicated by the expressions of ALP, type-1 collagen, and209

osteocalcin produced a better result in the treatment group compared to the control group.210

Therefore, the maturation level of bone matrix in the treatment group at the end of eight weeks211

was higher when compared to that of the control group. Mesenchymal stem cells could undergo212

differentiation to become osteoblasts, thereby producing the apropriate environment or stimulus.213

During osteogenic differentiation, several markers such as ALP, type 1 collagen, and osteocalcin214

were expressed by MSCs. At the time, when osteoblasts turn into osteocytes, ALP activity215

decreases. The latest marker of mature osteoblasts expressed by osteocytes was osteocalcin.216



In this study, certain limitations occurred, including lack of systematic complication. The217

purpose of this research was to focus on regeneration of calvaria bone defects using hAMSCs218

and chitosan–hidroxyapatite scaffold. The study reported here should be continued to include219

research on their clinical application for bone augmentation.220

Conclusion221

Combining Ch-HA scaffold and hAMSCs could be used as an alternative bone tissue222

engineering method in order to escalate the clinical use of bone formation.223
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Bone remodeling using a three-dimensional chitosan - hydroxyapatite scaffold

seeded with hypoxic conditioned human amnion mesenchymal stem cells ABSTRACT

Background: Bone regeneration studies involving the use of chitosan–hydroxyapatite

(Ch-HA) scaffold seeded with human amnion mesenchymal stem cells (hAMSCs)

have largely incorporated tissue engineering experiments. However, at the time of

writing, the results of such investigations remain unclear. Purpose: The aim of this

study was to determine the osteogenic differentiation of the scaffold Ch-HA that is

seeded with hAMSCs in the regeneration of calvaria bone defect. Methods: Ch-HA

scaffold of 5 mm diameter and 2 mm height was created by lyophilisation and

desalination method. hAMSCs were cultured in hypoxia environment (5% oxygen,

10% carbon dioxide, 15% nitrogen) and seeded on the scaffold. Twenty male Wistar

rat subjects (8 – 10 weeks, 200 - 250 grams) were randomly divided into two

groups: control and hydroxyapatite scaffold (HAS). Defects (similar size to scaffold

size) were created in the calvaria bone of the all-group subjects, but a scaffold was

subsequently implanted only in the treatment group members. Control group left

without treatment. After observation lasting 1 and 8 weeks, the subjects were

examined histologically and immunohistochemically. Statistical analysis was done

using ANOVA test. Result: Angiogenesis; expression of vascular endothelial growth

factor; bone morphogenetic protein; RunX-2; alkaline phosphatase; type-1 collagen;

osteocalcin and the area of new trabecular bone were all significantly greater in the

HAS group compared to the control group. Conclusion: The three-dimensional Ch-

HA scaffold seeded with hypoxic hAMSCs induced bone remodeling in calvaria defect

according to the expression of the osteogenic and angiogenic marker. Keywords:

bone tissue engineering; chitosan-hydroxyapatite scaffold; human amniotic

mesenchymal stem cells; hypoxia INTRODUCTION Tissue engineering has been

undertaken to remedy many medical conditions, for instance: complications arising

from wound healing, bone defects, immune system responses, and donor-

transmitted disease. Three dimensional scaffolds were created to provide adequate

support forming an extracellular matrix that enables cells to proliferate and

differentiate. Chitosan alone as a scaffold suffers from its mechanical strength.

Chitosan could easily break and therefore not able to create a suitable matrix for cell

delivery.1 Carbonate apatite also faces the similar problem, its brittle nature has

limited its application as a scaffold. Therefore, combining both materials are

predicted to create stronger scaffold.2 Scaffold made from Chitosan – Carbonate

Apatite (Ch-CA) has been reported as producing a robust, interconnected three-

dimensional (3D) porous structure which could support the proliferation and

differentiation of osteoblast during osteogenic differentiation.3,4 Hydroxyapatite has

chemical structure that similar to human bone, therefore it has good affinity towards

the bone and subsequently form chemical bond directly to the hard tissue. 5,6 By

combining chitosan and carbonate apatite into scaffold, this material was expected

to increase its mechanical strength and reduce the degradation time. The

biocompatibility of hydroxyapatite (HA) and the resemblance of its mineral

composition to bone has rendered it an ideal material for bone tissue engineering

(BTE). The development of HA into a 3- dimensional (3D) scaffold or a support to

mesenchymal stem cells (MSC) in vitro has also been extensively explored. HA

scaffolds offer massive advantages within the field of BTE.7,8 Human amniotic

mesenchymal stem cells (hAMSCs) derived from human placentas are known for

their pluripotent properties; ability to differentiate into three forms of germ layer; 

and efficacy in reducing both potential inflammation and immune reaction.9,10

Chitosan- Hydroxyapatite scaffold seeded with hAMSCs was expected to intensify

osteogenesis. The aim of this study was to observe the effect of Ch-HA scaffold

seeded with hAMSCs within tissue engineering techniques. MATERIALS AND

METHODS The isolation and culture procedure were performed following the securing

of approval from the faculty’s research ethics committee (No. 378/Panke. KKE/VII

/2015). Material from a newly-formed amnion was peeled from the chorion and

rinsed using phosphate-buffered saline (PBS). The amnion was then soaked in

Ringer’ s lactate (RL) containing 2.5 µg/mL gentamycin and 1000 U/mL

amphotericin which had been obtained from Gibco TM Amphotericin B, New York,

USA. The isolation and culture of hAMSCs using a modified Soncini’s protocol. Small,
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fine pieces of amniotic membrane were treated with 0.25% trypsin in order to

remove the epithelial cells. Centrifugation of five minutes duration at 2,000 rpm was

carried with the supernatant subsequently being removed. This procedure was then

repeated. The supernatant was washed using PBS containing 0. 075 mg/ml DNase 1

(Takara Bio, Shiga, Japan) and 0.75 mb /ml type IV collagenase (Sigma-Aldrich, St.

Louis, MO, USA). Incubation of the amnion was performed at 37°C for 60 minutes.

Filtration and centrifugation lasting five minutes were performed to obtain cells.

Single cells culture was created then using collagen–coated discs. The medium for

the cells consisted of Dulbecco’s modified Eagle’s medium/Nutrient Mixture F-12

(DMEM/F12) at a ratio of 1:1, added to fetal bovine serum and 10 ng/mL human

leukemia inhibitory factor (Gibco BRL, Gaithersburg, MD, USA). This medium was

replaced every three days. Once the cell growth had reached a confluent stage

(80%), the cell was split using trypsin. The laboratory stem cell protocol was

implemented as the isolation procedure. hAMSCs were cultured in hypoxia chamber 

(1% oxygen, 5% carbon dioxide, and 94% nitrogen). Chitosan-hydroxy apatite

scaffold was prepared by dissolving 200mg of medium- molecular weight Ch powder

(Sigma-Aldrich, St. Louis, MO, USA) into 5ml of ethanoic acid at room temperature

and mixing them for 15 minutes. 15ml of sodium hydroxide solution was used for

neutralising purposes in obtaining chitosan gel. Furthermore, samples of the

chitosan gel were mixed homogenously with 200mg of HA prior to centrifuging at

1,500 rpm for ten minutes. After extraction of excess water, the solution gel was

placed into the specific mold to produce scaffolds (5 mm diameter and 2 mm

height). Before being transferred to a drying machine, the gel was frozen for two

hours at -80°C.3,4 Human amniotic mesenchymal stem cells were deposited onto a

96-well cell culture plate (M96) at a density of 5 x 104 cell/well and incubated at

37°C for 24 hours with CO2 5% concentration. Once the cell proliferation population

had reached 80%, Ch-HA scaffold was added together with 100 µL of growth

medium. The cells underwent a second incubation at 37°C for 20 hours with 5%

CO2. After the addition of 5 mg/mL MTT reagent (25 µL/well), the cells were

incubated a second time for four hours before being observed under an inverted

microscope. The scaffold and medium were removed and added to 200 µL/well

DMSO. A 595 nm wave length ELISA reader was employed to read the absorbance,

while the living cells were counted by means of a Cell Counting Kit.3,4 2%

glutaraldehyde was used to fixate hAMSCs-seeded on Ch-HA scaffold at 40°C for 2-3

hours. The subsequent stage in the procedure consisted of washing with PBS

solution three times every five minutes. After exposure to osmic acid 1% for 1-2

hours, the cells were washed again with PBS. A 15-minute dehydration procedure

using alcohol at varying concentrations (30-100%) was also completed for each

concentration. The scaffold was dehydrated using a critical point drying (CPD)

device, attached to a stud pad with specific adhesive, and coated with pure gold. The

scaffold was examined under a scanning microscope and photographed by means of

a scanning electron microscope (JEOL JSM-T100, Japan).3,4 20 male Wistar rats

were used as the animal subjects of the experiment. The inclusion criteria applied

were as follows: aged 8-12 weeks old and weighing 100-150 grams. The subjects

were randomly divided into a control group and a treatment group of equal size

which were observed during weeks 1 and 8. An anaesthetic procedure was

performed 4-6 hours after the subjects were denied further food and water. 20mg of

Ketamin HCL (Ketalar, Ireland) per kg of body weight and 3mg of Xylazine

(Xyla,Ireland) per kg of body weight were injected intramuscularly. A mid-

longitudinal skin incision was then made on the cranium dorsal surface after an

aseptic procedure had been completed. The periosteum of the cranium was

separated from the surface in order to produce a flap. A 2 mm diameter, circular, low

speed bur (NSK, Japan) was used to create the bone defect 5 mm in diameter. The

scaffold was implanted and sutured in order to re-attach the wound area but only in

the treatment group.3,4 The defect was subsequently sutured with blue nylon 5-0

mono suture (Ailee Co. Ltd, Busan, Korea). The subjects were sacrificed during

weeks 1 and 8 in order to obtain the required specimens. The implantation region

was decalcified and embedded in paraffin to produce microscopic specimens. In

order to highlight the angiogenesis and trabecular bone area, the specimens were

stained with Hematoxylin and Eosin, while post-scaffold implantation

immunohistochemical staining (using mouse anti-human monoclonal (Novus

Biological, USA) and polyclonal (Thermo Scientific, USA) antibody: BMP2, RunX-2,

Alkaline phosphatase, Type-1 collagen, Osteocalcin, and VEGF of the specimens of

cranium calvaria preparations was carried out. The Remmele Scale Index was used
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to measure the raw data. A Nikon H600L (Tokyo, Japan) light microscope with 1000x

magnification and a DS Fi2 300- megapixel digital camera with image processing

software (Nikon Image System) were respectively employed to examine the

specimens and observe the tissue.4 The data were presented as mean values, and 

standard deviation.Statistical Package for Social Sciences (SPSS) software version

15.0 (SPSS Inc., Chicago, IL, USA) was used to analyse the data by means of an 

ANOVA test and p < 0.05 was considered statistically significant. RESULTS The

chitosan–hydroxyapatite was a solid 3D scaffold 5mm in diameter and 2mm thick

(Figure 1). Toxicity tests incorporating the use of MTT Assay indicated that Ch-HA

scaffold was not harmful to the hAMSCs culture. The percentage of viable cells found

in the Ch-HA scaffold was 79.42 %. SEM imaging showed that cells were able to

attach themselves to the Ch-HA scaffold’s porous surface that was embedded in the

calvaria bone defect (Figure 2). Histological image of seeded cells in the scaffold are

shown on Figure 3. All groups were examined for expression of RunX2, BMP2, VEGF,

alkaline phosphatase (ALP), type 1 collagen, osteocalcin, angiogenesis and

trabecular bone area after 8 weeks. All treatment groups possessed a higher mean

value than the control group (Figure 4). Figure 1. Ch-HA scaffold. Figure 2. SEM

image of cells attached and proliferated into the scaffold pores (SEM, 1000x

magnification) Figure 3. Angiogenesis (a and b), VEGF (c and d), BMP2 (e and f),

RunX-2 (g and h), akaline phosphatase (i and j), type-1 collagen (k and l),

osteocalcin (m and n) and trabecular bone area (o and p) with 1000x magnification.

HAS: hydroxy-apatite-chitosan scaffold group seeded with hAMSCs. K: control

group. Figure 4. The mean value and standard deviation for several parameters

observed after 8 weeks. K : control group; HAS: Hidroxy – apatite – chitosan

scaffold. *: p < 0.05showed statistically significant. DISCUSSION In this study, an

attempt was made to combine chitosan with hidroxy-apatite in order to create Ch-HA

scaffold. Chitosan was combined with hydroxyapatite to increase the mechanical

strength of the scaffold and decrease the degradation time of the material. Similar

previous study shown that chitosan addition on a scaffold immersed in synthetic

body fluid yielded a stronger mechanical strengh, greater strain, and more stable

characteristic.11 Another similar study also shown thatchitosan-hydroxyapatite

scaffold had good biocompatibility and provided enhanced strength.12 hAMSCs could

attach to and proliferate effectively within the scaffold’s porosity. The interconnected

interstices of the scaffold were highly retentive and expected to be an excellent

niche for osteoblast proliferation and differentiation. The ideal pore structure for

tissue engineering scaffold ranged from 40-300 µm since this enabled vascular

tissue migration and tissue growth.4,13 The potential of hAMSCs to act as a form of

xenogenic MSCs during bone tissue engineering procedures has been thoroughly 

investigated. Several studies utilising xenogenic hAMSCs transplantation in various

organs of rats confirmed a less intense immune reaction that could affect the tissue

healing process.14–16 The first three days post scaffold-implantation consists the

inflammatory phase, that is, the initial bone healing stage. During this phase, the

hypoxic condition of the Ch-HA scaffold and the degranulation of platelets resulting

from hematoma trigger increased VEGF expression that, in turn, induces

angiogenesis which is essential in early healing processes. Functional capillary

tissues provide nutritional intake, essential bioactive molecules, and adequate

oxygen tension. 17 Angiogenesis plays an important role in the healing process in

bone defects because it ensures cell survival in the scaffold.18 Mesenchymal stem

cells placed in hypoxic conditions enhance the expression of angiogenic factors,

mainly VEGF.19 During the early stages of the regeneration process, the 

proliferation of MSC was followed by the differentiation of osteoblast. External

signals produced by MSC and osteoblasts, particularly BMP2 protein, influence this

regeneration process. In later stages, activation of transcription factor RunX-2 led by

BMP2 helped induce MSC differentiation of preosteoblast and osteoprogenitors,

which, in turn, continued to form a collagen and non- collagen bone matrix.20 The

bone matrix maturation level was shown by the expression of type 1 collagen fibers.

Mineralisation within the bone matrix maturation process will be influenced by type 1

collagen in previous stages. If the maturation level of bone matrix increases, type 1

collagen fibers will also be thicker.21 In this experiment, matured osteoblast marker

was identified by osteocalcin. Osteoblast specifically expressed osteocalcin that is a

non-collagen protein present in bone matrix.22,23 In the treatment group the area

of trabecular bone at the end of eight weeks was significantly higher compared to 

that of the control group, leading to the conclusion that new bone formation in the

treatment group rate was higher than that in the control group. The process of
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osteogenesis indicated by the expressions of ALP, type-1 collagen, and osteocalcin

produced a better result in the treatment group compared to the control group.

Therefore, the maturation level of bone matrix in the treatment group at the end of

eight weeks was higher when compared to that of the control group. Mesenchymal

stem cells could undergo differentiation to become osteoblasts, thereby producing

the apropriate environment or stimulus. During osteogenic differentiation, several

markers such as ALP, type 1 collagen, and osteocalcin were expressed by MSCs. At

the time, when osteoblasts turn into osteocytes, ALP activity decreases. The latest

marker of mature osteoblasts expressed by osteocytes was osteocalcin. In this

study, certain limitations occurred, including lack of systematic complication. The

purpose of this research was to focus on regeneration of calvaria bone defects using

hAMSCs and chitosan–hidroxyapatite scaffold. The study reported here should be

continued to include research on their clinical application for bone augmentation. In

conclusion, combining Ch-HA scaffold and hAMSCs could be used as an alternative 

bone tissue engineering method in order to escalate the clinical use of bone

formation.
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