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Abstract 

 

In this study, the roll-sheet type scaffold was proposed because it can be applied 

as an appropriate size and attached cells more than block-type or sylindrical 

scaffolds. And components of scaffolds have been known to influence the 

osteogenic differentiation of mesenchymal stem cells (MSCs). The aim of study was 

to evaluate the in vitro osteogenic ability of canine adipose tissue-derived MSCs on 
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roll-sheet scaffolds composed of poly ε-caprolactone (PCL), as well as 

PCL/hydroxyapatite (PCL/HAp) and PCL/beta-tricalcium phosphate (PCL/β-TCP) 

composites. The scaffolds were prepared as a disk type system for in vitro evaluation. 

The affinity and osteogenic ability of MSCs were evaluated using scanning electron 

microscopy, cell proliferation (MTS) and alkaline phosphatase (ALP) activity assays, 

and reverse transcription polymerase chain reaction analysis of genes related to 

osteogenic differentiation. The PCL scaffold floated in the media due to its 

hydrophobic nature, and the PCL/HAp scaffold was brittle. Expressions of runt-

domain transcription factor 2 (RUNX2) and ALP mRNAs of the cells cultured on 

the PCL/β-TCP scaffold were initiated significantly earlier compared to expressions 

initiated on the PCL and PCL/HAp scaffolds. In ALP activity, there were no 

significant differences among scaffolds. It was determined that the PCL/β-TCP 

composite is a suitable material to apply as a roll-sheet scaffold in bone tissue 

engineering.  

 

Keywords: Osteogenic differentiation, polymer/ceramic composite scaffolds, adipose 

tissue derived mesenchymal stem cells 

Student Number: 2012-21525 
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I. Introduction 

 

Many orthopedic surgeons have used autografts, allografts, xenografts, and 

other artificial substitutes for repairing bone defects (Simpson et al., 2008; Wei et 

al., 2004). Autologous bone tissue transplantation is considered the most 

appropriate technique to treat large bone defects; however, this method has several 

drawbacks, including donor site morbidity, donor shortage, and limited supply of 

bone tissue (Cancedda et al., 2007; Drosse et al., 2008). Disadvantages in using 

allografts and xenografts include the risk of blood-borne pathogen transmission and 

adverse immune responses (Drosse et al., 2008). Porous scaffolds have been 

developed, which have the potential to be used as carriers for mesenchymal stem 

cells (MSCs) to accelerate bone repair (Cancedda et al., 2007; Drosse et al., 2008; 

Pereira-Junior et al., 2013; Simpson et al., 2008; Wei et al., 2004).  

An ideal scaffold should be biocompatible and bioresorbable (Hutmacher et al., 

2000; Hutmacher et al., 2001; Simpson et al., 2008). Polycaprolactone (PCL) has 

been used as a scaffold because of its biodegradable and biocompatible properties 

(Shor et al., 2007; Wei et al., 2004). In addition, ceramics such as hydroxyapatite 

(HAp) and beta tricalcium phosphate (β-TCP) have been used as scaffolds (Flautre 



 - 2 - 

et al., 2001; LeGeros et al., 2002). Ceramics have similar mineral components of 

natural bone, and thus show good osteoconductivity and bone binding ability 

(Flautre et al., 2001; LeGeros et al., 2002). In an effort to combine the 

osteoconductivity of ceramics and biodegradability of polyesters, polymer/ceramic 

composite scaffolds have been developed and studied (Fujihara et al., 2005; 

Simpson et al., 2008; Wei et al., 2004). 

In this experiment, it is proposed that a roll-sheet scaffold can be used for bone 

tissue engineering. Using a two-dimensional form of this scaffold, cell culture is 

performed; once the scaffold is implanted into a bone defect, it is transformed into 

a three-dimensional formation. One major advantage of utilizing this type of 

scaffold is that it can be fitted as the appropriate size to a bone defect. In addition, 

because the cells are cultured using a two-dimensional form of the scaffold, more 

cells are attached than a block-type or cylindrical scaffold. This study was done for 

evaluating of in vitro biocompatibility and osteogenic differentiation for the three 

different biomaterial roll-sheet scaffolds 
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II. Materials and Methods 

 

1.  Preparation of scaffold 

PCL was dissolved in chloroform at 40C. NaCl, HAp and -TCP were ground 

and sieved, and granules between 25 and 33 m were selected. -TCP was 

prepared by calcination of nano-TCP (Merck, Kenilworth, NJ, USA) at 1,000C for 

four hours. HAp was purchased from Sigma-Aldrich (677418, dparticle=200 nm) and 

was used without further purification. The selected NaCl granules were mixed with 

predetermined amounts of ceramic particles (1:1 = NaCl:PCL, 1.5:1 = 

ceramic:PCL, weight ratios). The combined powders were mixed with the PCL 

suspension and stirred to produce a homogeneous paste. The porous sheet scaffolds 

(50 mm  50 mm, 5 layers) were fabricated by directly extruding the gel paste onto 

a substrate using a three-dimensional printing system. The scaffolds were 

composed of PCL (polyε-caprolactone), PCL and hydroxyapatite (PCL/HAp), or 

PCL and beta-tricalcium phosphate (PCL/β-TCP). NaCl was removed by 

immersing the scaffold in deionized water, replacing the water (30C) every two 

hours after sufficient drying of the scaffold, which produced macro-sized pores in 

the struts. Disk scaffolds (diameter 8.0 mm  height 2.0 mm) were separately 
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prepared for in vitro evaluations. 

The disk scaffolds were washed three times with distilled water for 15 minutes. 

The scaffolds were completely dried, and then sterilized with ethylene oxide (EO) 

gas at a low temperature. Next, the disks were soaked in 70% ethyl alcohol, 

followed by UV sterilization for 30 minutes, and then immersed in Dulbecco’s 

Modified Eagle’s Medium (DMEM) (Gibco, Billings, MT, USA) with 10% fetal 

bovine serum (FBS) (Gibco, Billings, MT, USA) for 24 hours (Fujihara et al., 2005; 

Mendonca et al., 2009). The scaffolds soaked in DMEM were washed three times 

with phosphate-buffered saline (PBS), and the moisture of the scaffolds was then 

removed using sterilized gauze. The scaffolds were then placed in 48-well plates.  

Purified bovine type I collagen solution (Nutragen® ; Advanced BioMatrix, San 

Diego, CA, USA) was diluted 1:9 with DMEM. To prepare the collagen-coated 

scaffolds, a 500 μL aliquot of the diluted type I collagen solution was added to each 

well of the 48-well plate, which was then incubated at 37ºC for 90 minutes. The 

scaffolds were then cleaned with PBS and transferred to a new 48-well plate (Kang 

et al., 2012a; Kang et al., 2013). 
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2. Isolation and culture of adipose tissue-derived 

mesenchymal stem cells  

Canine adipose tissue-derived mesenchymal stem cells were obtained using 

our previously published procedures (Kang et al., 2012b). Briefly, adipose tissues 

were aseptically collected from the gluteal region of beagle dogs under general 

anesthesia. The adipose tissues were extensively washed with PBS and were then 

minced with scissors. The minced tissues were digested with 1 mg/mL collagenase 

type I (Sigma-Aldrich, Saint Louis, MO, USA) for two hours at 37ºC. The tissue 

samples were washed with PBS and were then centrifuged at 200 ×g for ten 

minutes. The resulting pellet of stromal vascular fraction was resuspended, filtered 

through a 100 μm nylon mesh, and plated in T175 flasks at 8,000–10,000 cells/cm2. 

The flask was incubated overnight in DMEM supplemented with 10% FBS at 37°C 

in a humidified atmosphere of 5% CO2. After 24 hours, unattached cells and 

residual non-adherent red blood cells were removed by washing with PBS. The 

medium was changed at 48-hour intervals until the cells became confluent. After 

cells reached 90% confluence, they were subcultured. After the third passage, the 

cells were used for subsequent experiments.  
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3.  Cell seeding  

Cells (~50,000) suspended in a mixture of 3.33 μL DMEM and 6.66 μL 

purified bovine type I collagen were seeded on scaffolds in the 48-well plates. 

After three hours of incubation at 37°C with 5% CO2, the growth medium (DMEM 

supplemented with 10% FBS) was added. After 24 hours of incubation, the 

medium was replaced with osteogenic differentiation medium containing 0.1 μM 

dexamethasone (Sigma-Aldrich, Saint Louis, MO, USA), 10 mM β-

glycerophosphate (Sigma-Aldrich, Saint Louis, MO, USA), and 50 μM ascorbic 

acid-2-phosphate (Sigma-Aldrich, Saint Louis, MO, USA) in DMEM 

supplemented with 10% FBS. The culture was maintained for 14 days at 37ºC with 

5% CO2, and the medium was replaced every 48 hours. Cell-free and 

undifferentiated scaffolds cultured in the growth medium under the same 

conditions were used as controls. 

 

4.  Morphological evaluation by scanning electron 

microscopy (SEM) 

The structural features of the scaffold and the morphology of Ad-MSCs 

cultured on the scaffolds were examined using scanning electron microscopy 
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(SEM). Samples collected two weeks after culturing were fixed in modified 

Karnovsky’s fixative (2% paraformkaldehyde and 2% glutaraldehyde) at 4°C for 

one hour, followed by post-fixation with 1% osmium tetroxide in 0.05 M sodium 

cacodylate buffer at pH 7.2. The fixed samples were then dehydrated in 

sequentially increasing ethanol solutions (30%, 50%, 70%, 80%, 90%, and 100%) 

for ten minutes each, and dried using hexamethyldisilazane. The samples were 

mounted on metal stubs with double sticky tape, sputter-coated with platinum, and 

examined using field-emission SEM (SUPRA 55VP; Carl Zeiss, Oberkochen, 

Germany) (Kang et al., 2013). 

 

5.  MTS assay 

To determine cell adherence on the scaffolds, viable cells that remained at the 

bottom of each 48-well plate after removing the scaffolds were measured after one 

day using a colorimetric MTS assay (CellTiter 96®  Aqueous One Solution Cell 

Proliferation Assay; Promega, Madison, WI, USA). The samples were incubated 

with 20% MTS reagent containing serum-free medium. After two hours of 

incubation at 37ºC with 5% CO2, aliquots were pipetted into a 96-well plate. The 

absorbance of the content in each well was measured at 490 nm using a 
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spectrophotometric plate reader (SmartSpec 3000 Spectrometer; Bio-Rad, Hercules, 

CA, USA) (Ghasemi-Mobarakeh et al., 2008). The number of adherent cells on the 

scaffolds was calculated using the formula:  

(number of seeded cells − number of cells remaining at the bottom of the wells) 

To assess cell proliferation on different scaffolds, cell seeding was performed 

for four and seven days, after which, scaffolds were washed with PBS, and 

transferred to a new 48-well plate. Viable cells cultured on the scaffolds were 

determined using an MTS assay, as described above.  

 

6.  RNA isolation and quantification  

Total RNA was isolated using an RNA extraction kit (Hybrid-RTM; GeneAll 

Biotechnology, Seoul, Korea) in accordance with the manufacturer’s protocol. 

Total RNA quality and quantity were determined spectrophotometrically, and 

samples were stored at −80°C. Complementary DNA (cDNA) was prepared from 1 

μg total RNA by use of oligo (dT) using a commercially available reverse 

transcription polymerase chain reaction (RT-PCR) kit (PrimeScriptTM II 1st strand 

cDNA Synthesis Kit; Takara Bio, Otsu, Japan). The cDNA were stored at −20°C. 
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7.  RT-PCR analysis  

Samples were collected after two, four, seven, and fourteen days post culture. 

The cDNA was PCR- amplified using a commercially available PCR master mix 

(Emerald Amp PCR Master mix, Takara Bio, Otsu, Japan). The initial denaturation 

was performed at 95°C for five minutes. PCR amplification was performed using 

the following temperature settings on a T3000 Thermocycler (Biometra, Göttingen, 

Germany): denaturation at 95°C for 30 seconds, the specified annealing 

temperature for 30 seconds, and extension at 72°C for 1 minute for the specified 

number of cycles for each primer set; a final extension at 72°C for 5 minutes was 

then performed. Runt-domain transcription factor 2 (RUNX2), osteopontin and 

alkaline phosphatase (ALP) were analyzed as osteogenic markers. The sense and 

antisense primers, cycle numbers, and annealing temperatures are listed in Table 1. 

The PCR products were electrophoretically separated on a 2% agarose gel 

(SeaKemⓇLE Agarose; Lonza Rockland, Rockland, ME, USA) and visualized with 

RedSafeTM Nucleic Acid Staining Solution (iNtRON Biotechnology, Inc., Korea). 

The GAPDH mRNA expression was used as a reference for evaluating the 

expression of each marker mRNA.  
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Table 1. Primers sequences and annealing temperatures used for RT-PCR 

PRIMER SEQUENCE (5’ㅡ3’) 

ANNEALING 

TEMPERATURE 

(℃) 

CYCLE 

RUNX2 

Forward  

CGCATTCCTCATCCCAGTAT 

55 25 

Reverse  

GGCCACTGCTGAGGAATTT 

Osteopontin 

Forward  

TCCAAGACTGGGCTCTCTTC 

58 35 

Reverse  

TTTTGTATTCTCTCCATCCTGCT 

ALP 

Forward  

CCGAGACACAAGCACTCTCA 

55 38 

Reverse  

GCTGGCCATCTGTCATAGGT 

GAPDH 

Forward  

CATTGCCCTCAATGACCACT 

55 28 

Reverse  

TCCTTGGAGGCCATGTAGAC 
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8.  Measurement of ALP activity 

ALP activity was evaluated 14 days post culture using an ALP assay kit 

(Alkaline Phosphatase Colorimetric Activity Assay Kit; BioVision, Milpitas, CA, 

USA), in accordance with the manufacturer’s protocol. Briefly, a p-nitrophenyl 

phosphate (pNPP) solution was prepared by dissolving two pNPP tablets into 5.4 

ml Assay Buffer to make a 5 mM working solution. After 14 days of cell seeding 

in 48-well plate, scaffolds were washed with PBS and transferred to a new 48-well 

plate. The Assay Buffer (160 μL) was aliquoted into each well containing the test 

samples, followed by 50 μL of the working solution. The solution was then 

incubated at 25°C for 2.5 hours while being protected from ambient light. Stop 

solution was added to each well, and aliquots were pipetted into a 96-well plate. 

The absorbance was measured at 415 nm using a spectrophotometric plate reader 

(Kang et al., 2012b). 

 

9.  Statistical Analysis 

Data were analyzed using the SPSS statistical analytical software (IBM SPSS 

Statistics 21; IBM, New York, NY, USA). Statistical analysis was performed using 

one-way ANOVA; p-values less than 0.05 were considered statistically significant.  
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III. Results 

 

1.  Morphology and characteristics of MSCs on scaffolds 

Microscopic evaluation of the intact scaffolds revealed a porous grid form 

(pore size, 400–600 µm). MSCs could attach and proliferate on all the three 

scaffolds. MSCs grown on scaffolds were stacked together (Figure 1).  

Unlike the other scaffolds, the PCL scaffold displayed a floating pattern in the 

medium. While the PCL and PCL/β-TCP scaffolds had sufficient flexibility to 

enable them to roll the scaffold sheets, the PCL/HAp scaffolds were too brittle. 
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Figure 1. SEM evaluation of three different material scaffolds cultured in 

osteogenic differentiation medium for 2 weeks.; PCL (A~C), PCL/HAp composite 

(D~F) and PCL/β-TCP composite (G~I) scaffolds.  
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2.  Adherence and proliferation rates of MSCs 

The results show that adherence rates of MSCs on scaffolds coated with type I 

collagen resulted in considerably higher adherence rates (up to 95%). In addition, 

the results show that the number of cells observed one day post culture on the 

PCL/β-TCP scaffold was significantly higher than that observed on the PCL 

scaffold in undifferentiated medium with collagen type I (p < 0.05) (Figure 2). 

 

 

 

Figure 2. The number of adherent MSCs grown on three different scaffolds.      

* indicates a statistically significant difference (p<0.05) between scaffolds. Error 

bars represent means ± SD for n=3. 
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The proliferation rates in osteogenic media were lower than those in 

undifferentiated media after four days post culture, but not after seven days post 

culture (Figure 3). However, the number of cells on the PCL scaffold in osteogenic 

media gradually increased over time, and eventually showed a higher cell count 

than PCL/HAp and PCL/β-TCP scaffolds after seven days post culture (p < 0.05).  

 

Figure 3. Proliferation numbers of MSCs grown on three different scaffolds in 

undifferentiated medium or osteogenic medium at 4 and 7 days. (U; 

undifferentiated medium, O; osteogenic medium) * indicates a statistically 

significant difference (p<0.05) between scaffolds. † indicates a statistically 

significant difference (p<0.05) compared to MSCs growing on same scaffolds in 

undifferentiated medium. Error bars represent means ± SD for n=6. 
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3.  mRNA expression of early markers for osteogenesis 

Significant increases in cell expression of all markers cultured on the scaffolds 

were observed in the osteogenic differentiation media compared to the 

undifferentiated media. RUNX2 mRNA concentrations from cells cultured on 

PCL/β-TCP scaffolds two days post culture, as well as concentrations from cells 

cultured on PCL/HAp scaffolds after seven days of culture, were significantly 

higher than concentrations from cells cultured on other scaffolds. RUNX2 mRNA 

concentrations from cells cultured on PCL/HAp and PCL/β-TCP scaffolds were 

higher than concentrations from cells cultured on PCL scaffolds 14 days post-

culture (Figure 4). Osteopontin mRNA expression from cells grown on PCL/β-TCP 

scaffolds two, four, and fourteen days post culture was higher than that observed 

from cells grown on PCL scaffolds. Osteopontin mRNA expression from cells 

grown on PCL/HAp scaffolds was lower than expressions observed from cells 

grown on other scaffolds two days post culture, but higher than the expression 

observed from cells grown on PCL scaffold four and fourteen days post culture 

(Figure 4). ALP mRNA concentrations from cells grown on PCL/β-TCP 

scaffolds two and four days post-culture were significantly higher than those 

from cells grown on other scaffolds (Figure 4).  
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Figure 4. The osteogenic marker mRNA expression of adherent MSCs on three 

different scaffolds cultured in osteogenic medium at various incubation periods; 

RUNX2, osteopontin and ALP. The results adjusted on the basis of GAPDH mRNA 

concentrations assayed in the same samples. * indicates a statistically significant 

difference (p<0.05) between scaffolds. Error bars represent means ± SD for n=3. 



 - 18 - 

4.  ALP activity 

Considerably higher ALP activity values were observed in the osteogenic 

differentiation samples after 14 days, than values obtained from the 

undifferentiated samples. There were no considerable differences in ALP activity 

among scaffolds after 14 days (Figure 5).  

 

Figure 5. ALP activity of MSCs cultured in undifferentiated medium and 

osteogenic medium at 14 days. (U; undifferentiated medium, O; osteogenic 

medium) * indicates a statistically significant difference (p<0.05) between 

scaffolds. † indicates a statistically significant difference (p<0.05) compared to 

MSCs growing on same scaffolds in undifferentiated medium. Error bars represent 

means ± SD for n=6. 
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IV. Discussion 

 

Numerous studies have demonstrated that scaffold characteristics influence the 

osteogenic differentiation of MSCs for bone regeneration. A scaffold used in bone 

tissue engineering requires a three-dimensional porous structure, with pore sizes 

ranging from 50 to 900 µm, as the degree of porosity and the diameter of the pores 

influence the mechanical properties of the scaffold, tissue ingrowth, and cell 

viability (Hutmacher et al., 2000; Kang et al., 2013). In this study, the pore size of 

the scaffolds was determined by SEM to be approximately 400–600 µm. The pore 

size and structure of the scaffolds were therefore determined to be suitable for 

tissue engineering.  

PCL is a semi-crystalline, bioresorbable polymer that belongs to the aliphatic 

polyester family (Hutmacher et al., 2001; Williams et al., 2005). PCL is hard but 

elastic; the elasticity could be increased by making porous structures in the PCL 

strut using a salt leaching process (Yun et al., 2011). Addition of ceramic powder to 

PCL could enhance the mechanical property of the scaffolds. PCL and PCL/β-TCP 

composite scaffolds resulted in sufficient flexibility to roll the scaffold sheet. 

Although the amount of HAp added to PCL (1:0.6) was same as -TCP, the 
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PCL/HAp composite scaffold resulted in a higher amount of brittleness. The 

particle size of -TCP was 10 m, while the particle size of HAp was 200 nm. 

Smaller particles require a higher powder volume in order to be identical in weight, 

which consequently affects the PCL scaffold characteristics. Therefore, it was 

determined that the PCL/HAp composite scaffold is not suitable as a scaffold for 

bone tissue engineering. 

The results show that the number of cells observed on the PCL scaffold was 

considerably lower than the number observed on the PCL/β-TCP scaffold after one 

day post culture in undifferentiated medium. Initially, the PCL scaffold displayed a 

floating pattern when placed into the medium, which was not observed with other 

scaffolds. This pattern may be due to PCL being more hydrophobic than the other 

scaffold materials. This pattern may negatively affect cell adherence and early 

stage cell culture. Although PCL and ceramic scaffolds are biocompatible, and can 

be used for MSC proliferation (Flautre et al., 2001; LeGeros et al., 2002; Marino et 

al., 2010; Ogose et al., 2005; Shor et al., 2007), the results were demonstrated that 

biocompatibility of the PCL scaffold is superior to that of PCL/ceramic composite 

scaffolds.  

The osteogenic marker RUNX2 is produced by osteoprogenitor and regulates 
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osteoblast differentiation. In addition, ALP and osteopontin are markers of 

osteoblast maturation (Wagner et al., 2010). In the Hedgehog (Hh) and Wnt 

signaling pathways, Hh initiates the osteogenic program by activating the 

expressions of RUNX2 and low levels of type I collagen. Furthermore, the increase 

in RUNX2 promotes the osteogenic differentiation of progenitor cells, which is 

reflected by the transcription of genes that encode osteocalcin, type I collagen, 

osteopontin, ALP and collagenase 3 (Chen et al., 2009; Franceschi et al., 2003; 

Gaur et al., 2005; Hu et al., 2005; Komori et al., 2007; Rawadi et al., 2003). In the 

current study, these data demonstrated that expressions of RUNX2 and ALP mRNA 

from the cells cultured on PCL/β-TCP scaffolds were increased in early time. In 

this study, it is postulate that the cells cultured on the PCL/β-TCP composite 

scaffolds resulted in more rapid and stronger initial osteogenic differentiation 

responses compared to the differentiation responses of cells cultured with other 

scaffolds.  

Recent studies have demonstrated that surface properties of the β-TCP matrix 

could promote osteogenic differentiation of MSCs (Hattori et al., 2006; Marino et 

al., 2010; Muller et al., 2008). Amidogens (―NH2) and sulfhydryls (―SH) on β-

TCP scaffold surfaces support osteogenesis without osteogenic supplements in the 
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medium (Curran et al., 2006). In addition, the binding of secreted proteins to the 

surface, including osteocalcins and bone sialoproteins, could promote and enhance 

differentiation of MSCs toward osteoblasts (Marino et al., 2010). Hence, these 

results support the conclusion that the β-TCP matrix could aid osteogenesis. One 

further advantage to the β-TCP matrix is that it is more bioresorbable than the HAp 

matrix, and the β-TCP matrix could be replaced by newly formed bone (Ogose et 

al., 2005; Simpson et al., 2008). 

The physical properties and cell affinities of the scaffolds, as well as the 

osteogenic differentiation for the cells cultured on these scaffolds, revealed the 

PCL/β-TCP composite to be the most suitable material to produce roll-sheet type 

scaffolds in bone regeneration applications. 
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VI. 국문초록 

 

개 간엽줄기세포의 지지체로써 

폴리머/세라믹 복합체들의  

in vitro 골분화능 비교 

 

서울대학교 대학원 

수의학과 임상수의학 전공 

류 다 은 

 

본 연구에서는 결손부에 따른 적절한 크기로 적용할 수 있고 기존의 

블록형태나 원통형태의 지지체보다 더 많은 세포를 부착할 수 있다는 장

점을 가진 롤-시트 형태의 지지체를 제안하였다. 이와 같은 지지체를 

구성하는 여러 성분들이 간엽줄기세포의 골분화에 미치는 영향에 대한 

연구들이 보고되고 있다. 이 연구의 목적은 poly ε-caprolactone 

(PCL), PCL/hydroxyapatite (PCL/HAp), PCL/beta-tricalcium 

phosphate (PCL/β-TCP) 복합체로 각각의 세종류로 구성된 롤-시트 
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형태의 지지체들에서 배양한 지방유래간엽줄기세포의 골분화 능력을 실

험실적으로 평가하는 것이다. 실험에 사용하는 지지체들은 실험실적 평

가를 위해서 디스크 형태로 준비하였다. 간엽줄기세포의 세포친화도와 

골분화능력을 평가하기 위해서 주사전사현미경 (scanning electron 

microscopy), 세포증식도 (MTS), 골분화와 관련된 유전자에 대한 역

전사 폴리메라아제 연쇄반응 (reverse transcription polymerase chain 

reaction), alkaline phosphate (ALP) 활성 등을 활용해 평가하였다. 

PCL 지지체는 그 본연의 소수성 때문에 배지 위에 뜨는 양상을 보였으

며, PCL/HAp 지지체는 조작시에 쉽게 부스러지는 양상을 보였다. PCL/

β-TCP 지지체 위에서 배양된 세포들은 PCL 지지체와 PCL/HAp 지

지체의 세포들보다 유의적으로 이른 시기에 messenger RNA의 runt-

domain transcription factor 2 (RUNX2)와 ALP 발현이 시작되었다. 

ALP 활성에서는 지지체 사이의 유의적인 차이가 확인되지 않았다. 위의 

결과들을 종합해 볼 때, PCL/β-TCP 복합체가 골조직공학에서의 롤-

시트 지지체로서 세 종류의 지지체 중 가장 적절한 재료라고 사료된다.  

 

 

주요어: 골분화, 폴리머/세라믹 복합 지지체, 지방유래 간엽줄기세포  

학 번: 2012-21525 
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