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Mesenchymal stem cells are adult stem cells that can differentiate into 
osteogenic, chondrogenic, adipogenic and myogenic lineages. In orthopedics 
and traumatology, mesenchymal stem cells, combined with biomaterials, are 
used mainly for treating bone fractures and diseases in humans and animals. 
This study aims to promote the growth, proliferation, and osteogenic 
differentiation of mesenchymal stem cells isolated from the adipose tissue of 
canines on B-TCP (Beta-tricalcium phosphate) and B-TCP/Collagen 
biomaterials. MTT analysis was performed to test the cell adhesion and 
proliferation on B-TCP and B-TCP/Collagen biomaterials used to mimic the 
extracellular matrix of three-dimensional bone tissue. Scanning electron 
microscope analysis was performed to show general surface characters of B-
TCP and B-TCP /Collagen biomaterials. The osteoinductive capacities of the B-
TCP and B-TCP/Collagen biomaterials were determined by alkaline phosphatase 
and Von Kossa stainings, and RT-PCR analysis. The ALP activity of the B-TCP/Col 
containing material was significantly higher than the B-TCP in the early days. 
In terms of gene expression, there were no significant differences except 14th-
day SPARC gene expression. The results of Von Kossa staining indicated that B-
TCP/Col has above the desired level degradation capacity. As a result of this 
research, although it is advantageous in terms of alkaline phosphatase activity 
and osteogenic gene expression compared to B-TCP material, it is thought that 
B-TCP/Collagen biomaterial should be developed for use in bone tissue 
engineering due to its high degradation property. 
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Introduction  

Mesenchymal stem cells (MSCs) are adult stem cells that 

were first isolated from bone marrow (17, 18). After this 

isolation, they were separated from many tissues, 

especially tissues with abundant vascular connective 

tissue (6). 

In 2001, Zuk et al. (53) showed that MSCs can also 

be obtained from adipose tissue. Adipose tissue derived 

mesenchymal stem cells (Ad-MSCs) are obtained by 

explant culture method or using collagenase enzyme (21, 

33). Ad-MSCs have advantages over other sources of 

MSCs. It has been reported that Ad-MSCs have more 

osteogenic differentiation potential than mesenchymal 

stem cells obtained from bone marrow (9, 12, 28). On the 

other hand, unlike embryonic stem cells, there are neither 

ethical nor political concerns regarding Ad-MSC isolation 

since they can be isolated from the patient's adipose tissue 

(10, 13, 40). All these advantages make Ad-MSCs one of 

the most preferred sources of mesenchymal stem cells. 

One of the most common uses of mesenchymal stem 

cells today is bone tissue engineering studies in 

orthopedics and traumatology, especially for treating 

bone, cartilage and tendon diseases (8). Various 

biomaterials can be used to provide structural and 

mechanical support during the healing process of large 

defects and multi-component fractures with insufficient 

bone regeneration capacity (13, 19, 20, 30).  

One of the important developments in the field of 

biomaterials has been the use of bioceramics for bone 

replacements. Calcium phosphate ceramics have been 
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used as synthetic bone graft substitutes for over 30 years, 

as they have similarities with the inorganic composition of 

bones (46). 

B-TCP is the most studied bioceramic in the treating 

bone fractures and diseases (46). According to the numerous 

in vivo and in vitro evaluations in the literature, B-TCP has 

excellent biocompatibility and osteoconductivity. It has also 

been shown to support the differentiation and proliferation 

of mesenchymal cells (7, 16, 44, 52). Using porous 

ceramic implants in bone tissue engineering can provide 

an environment for cells to grow and differentiate (3). 

Collagen is a natural polysaccharide widely used in 

bone tissue engineering, because of its structural 

resemblance to natural bone tissue. It is a biocompatible 

material that the body can absorb. Moreover, collagen is 

proven to be minimally immunogenic and nontoxic 

material. Despite these advantages, collagen shows poor 

mechanical properties. Today, collagen is used in 

prosthetic implants and tissue engineering of many 

organs, including bone (1, 26, 36). 

This study aims to compare the osteogenic 

differentiation capacities of canine Ad-MSCs biomaterials 

containing B-TCP and B-TCP/Collagen (B-TCP/Col). 

These biomaterials provide structural and mechanical 

support and create the microenvironment for stem cells 

during the healing process of large bone defects and multi-

part fractures of the bone. It is thought that the biomaterial 

prepared as a combination of B-TCP and collagen will be 

advantageous in terms of adhesion, proliferation, 

compatibility and osteogenic differentiation. Comparing 

these biomaterials as microenvironments for stem cells 

may increase the treatment success of bone fractures and 

accelerate the post-operative healing process. 

 

Materials and Metods 

Isolation of Ad-MSCs: For the isolation of MSCs, 

inguinal adipose tissues were harvested from n= 5 dogs 

during ovariohysterectomy operation at Ankara 

University Faculty of Veterinary Medicine. This study 

was approved by Ankara University Animal Experiments 

Local Ethics Committee (2017-5-37). The explant culture 

method was preferred for mesenchymal stem cell isolation 

from adipose tissue. Adipose tissue (1cm3) was divided 

into small pieces in a sterile petri dish under laminar flow 

and kept at 37 °C in an incubator with 5% CO2 for 20 

minutes. Then Modified Eagle Medium (Lonza) which 

contain 20% Fetal bovine serum (Biowest), 2% L-

Glutamine, 1% Penicillin, Streptomycin and 77% 

Dulbecco's medium was added (53). 

 

Characterization of Ad-MSCs: At the end of the third 

passage, adipogenic, osteogenic, and chondrogenic 

differentiation and flow cytometry analyzes were 

performed for the characterization of canine Ad-MSCs. 

For adipogenic differentiation, adipocyte 

differentiation basal medium and supplements (standard 

medium high-glucose DMEM (10% FBS), 0.5 mM 3-

isobutyl-1-methylxanthine, 1 µM dexamethasone, 10 

µg/mL insulin, 0.5 mM indomethacin (Sigma-Aldrich, 

Switzerland); for osteogenic differentiation, osteocyte 

differentiation basal medium (DMEM-LG, 0.05 mM 

ascorbate-2-phosphate, 100 nM dexamethasone, and 10 

mM sodium β-glycerophosphate (Sigma-Aldrich); and for 

chondrogenic differentiation, chondrocyte differentiation 

basal medium (high-glucose DMEM containing 6.25 µg/ 

mL insulin-transferrin-selenious acid, 0.1 mM ascorbate2-

phosphate, 10–7 M dexamethasone, 1.25 mg/mL bovine 

serum albumin, 5000 IU/mL penicillin, 50 µg/mL 

ascorbate 2-phosphate, and 100 nM dexamethasone and 

10 ng/mL human transforming growth factor) were used. 

Adipogenic, osteogenic and chondrogenic differentiation 

were evaluated using Oil Red O, Von Kossa and Alcian 

Blue staining methods. The development of cells was 

observed with an inverted microscope (Olympus Cx45). 

For flow cytometry analyzes, 1x106 cells were 

placed in flow cytometry tubes and these cells were 

washed 3 times each in 3% Bovine serum albumin/PBS 

(BSA/PBS) solution. Stem cells were incubated with 0.1-

10 μg/ml primary antibodies [CD 29 (P4611, Chemicon), 

CD 34 (ICO115, Novusbio, USA), CD 44 (G44-26, BD 

biosciences, USA), CD73 (P21589, Bioss, USA), CD 81 

(J5-81, BD biosciences, USA), CD90 (OX-7, BD 

biosciences, USA) and CD 271 (C40-1457, BD 

biosciences, USA)]for 30 minutes at room temperature. 

Cells were washed 3 times in 3% BSA/PBS solution and 

then precipitated by centrifugation. For unconjugated 

primary antibodies, cells were incubated with secondary 

antibody for 30 minutes at +4 °C and washed 3 times in 

3% BSA/PBS solution. After the cell sediments were 

dissolved in 1 ml of 3% BSA/PBS solution, the cell was 

analyzed in flow cytometry device (BD Accuri Plus flow 

cytometer) (48). 

 

Biomaterial fabrication, Cell seeding, and Osteogenic 

Differentiation Protocol: B-TCP (SupraBone, 0.5–1mm 

particle size, Figure1) and B-TCP/Col biomaterials were 

kindly donated by BMT Calsis Health Technologies (41). 

The pack of B-TCP/Col was split into 0.5 mm x 0.5 mm x 

0.5 mm pieces (Figure1). Both biomaterials were placed 

in 24-well dishes and sterilized under UV light. Following 

sterilization, 200,000 canine Ad-MSCs reaching passage 

3 were seeded onto each scaffold for further analysis. 

Before adding 2 ml of cell culture medium to each well, 

they were incubated for 4 hours at 37°C. During the 4-hour 

incubation, 20 µl of the medium was added to each cell 

scaffold every 30 minutes to prevent the materials from 

drying out. After cell cultivation, media were added to the 

biomaterials and incubated at 37°C in an incubator 

containing 5% CO2 (25). To initiate osteogenic 
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differentiation, osteogenic differentiation basal medium 

was added to each well after 1 day of incubation with cell 

culture medium. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Image of B-TCP (SupraBone, 0.5–1mm particle size) 

and Image of B-TCP/Col (0.5 mm x 0.5 mm x 0.5 mm). 

 

MTT Assay (3-(4,5-Dimethylthiazol-2-yl)-2,5-

Diphenyltetrazolium Bromide): Colorimetric MTT test 

was performed on days 7, 14 and 21 to examine the growth 

and proliferation of cells on B-TCP and B-TCP/Col 

structured tissue scaffolds. Each 200,000 cells seeded 

biomaterials were kept in a solution (5 mg / mL) medium 

and MTT reagent (Biovision) was mixed at a ratio of 10:1 

by volume for 4 hours at 37 °C in an incubator with 5% 

CO2. Then, 100 µl of 1% SDS was added to each sample 

and kept at 37 °C in an incubator with 5% CO2 and in an 

environment without light for 24 hours. Finally, 200 μl of 

the solution was taken and transferred to a 96-well plate. 

The absorbance was measured at 590 nm with a 

microplate reader (SpectraMax i3) (5, 32). 

 

Scanning Electron Microscopy (SEM): To analyze Ad-

MSCs in B-TCP and B-TCP/Col scaffolds 250,000 cells 

were seeded in both materials. After 2 days of incubation 

at 37°C in the incubator, the biomaterials were fixed in 5% 

glutaraldehyde at 4°C for 24 hours. After washing with 

distilled water, dehydration was done by holding in 35%, 

50%, 75%, 95% and absolute alcohols twice for 15 

minutes. B-TCP and B-TCP/Col biomaterials were left to 

dry in a desiccator at room temperature after they were 

kept in 2 ml of Hexamethyldisilazane (HMDS). Dried 

biomaterials were coated with copper and examined under 

an SEM (EVO50 Zeiss) (31). 

 

Alkaline Phosphatase (ALP) Assay: Cell-seeded 

biomaterials on days 1, 7, 14 and 21 were fixed for 5 

minutes using 10% neutral buffered formalin and washed 

with PBS. After washing, the biomaterials were dyed with 

the p-nitrophenyl phosphate (p-NPP) solution for 45 

minutes in an incubator containing 5% CO2 at 37 °C 

without light. After stopping the reaction with the stop 

solution, the absorbance values were recorded at 405 nm 

in a microplate reader (SpectraMax i3) (27, 32). 

 

Von Kossa Staining on Biomaterials: At the end of 7, 14 

and 21 days, cell-seeded biomaterials were fixed for 30 

minutes with 10% neutral buffered formalin. After 

washing with distilled water, silver nitrate solution (5%) 

was added onto the biomaterials and they were subjected 

to UV light for 60 min. Then they were rewashed, and 

mineralization was demonstrated by adding 1% sodium 

thiosulfate (32). 

 

RT-PCR (Real Time Polymerase Chain Reaction): Total 

RNA isolation was performed according to the 

manufacturer’s protocol (Thermo GeneJet) on the 7th, 14th 

and 21st days of the osteogenic induction. Following 

isolation, RNA samples were transformed into cDNA. For 

this purpose, iScript cDNA synthesis kit (BioRad) was 

used. The relative gene expressions were determined by 

reverse-transcriptase polymerase chain reaction method 

using QPCR Green Master Mix Kit (Biotechrabbit). The 

reaction mixture was prepared to 20 μl total volume by 

using 10 μl master mix, 7.2 μl nuclease-free water, 0.4 μl 

forward primer, 0.4 μl reverse primer and 2 μl cDNA for 

each sample. The Cq results were obtained from RT-PCR 

device (CFX96 Touch Real-Time PCR Detection System) 

with protocol of 3 minutes at 95 °C, 15 seconds at 95 °C 

and 30 seconds at 60 °C for 40 cycles. Relative gene 

expression differences were calculated using the 2-ΔCt 

formulas and primers were designed for this study (Table 

1). The beta actin (ACTB) gene was used for the 

normalization of the values (27). 

 

Statistical Analysis: Two-way analysis of variance was 

used to evaluate the effect of group and time on the 

measurements obtained from MTT, ALP and RT-PCR 

analyses. In the ANOVA model, group (B-TCP, B-

TCP/Col and OC between-subject factor) and time (days 

1, 7, 14 and 21 between-subject factor) and the interaction 

term of these two factors were included. Tukey test was 

used as an advanced test for the factors that were found to 

be significant. Analysis was done with GraphPad Prism 

software and data are presented as mean ± standard 

deviation. Statistical significance was expressed as * P < 

0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. 

 

Table 1.  Primers used for RT-PCR analyses. 

 Forward (5’-3’) Reverse (5’-3’) 

RUNX2 CCCAGAAGGCACAGACAGAA CATCTGGCTCAGGTAGGACG 

SPARC TTCCTGTTGCCTGGCTCTAA GGTTCTGGCAGGGGTTTTCA 

ACTB TCCATGAAACTACCTTCAACTCC AACGCAACTAAAGTAACAGTCC 
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Results 

Characterization of Ad-MSCs: For mesenchymal stem 

cell characterization, cells were induced for osteogenic, 

chondrogenic and adipogenic differentiation. Cell 

colonies were observed from day 9 in cells induced for 

osteogenic differentiation. The number of these colonies 

reached its highest level at the end of the second week. 

Von Kossa staining was performed to show osteogenic 

differentiation on day 14 and the calcium deposits were 

formed (Figure 2A). In the second week of chondrogenic 

differentiation, changes began to be seen in the 

morphology of the cells. On the 19th day, secreting 

proteoglycan specific to cartilages was observed. 

Therefore, Alcian Blue staining was performed to show 

cartilage differentiation on day 21 (Figure 2B). Adipose 

vacuoles were observed from day 14 in adipogenic 

differentiation. At day 21, adipogenic differentiation was 

demonstrated by staining the oil vacuoles in the cytoplasm 

of the cells with Oil red O staining (Figure 2C). 

The cells isolated from adipose tissue were analyzed 

with seven antibodies for mesenchymal stem cell 

characterization and Figure 3A shows the control. It was 

shown by flow cytometry analysis that CD 44+ (Figure 

3G), CD 73+ (Figure 3H), CD 81+ (Figure 3F) and CD 90+ 

(Figure 3E) were expressed from these antibodies and CD 

29- (Figure 3B), CD 34- (Figure 3C) and CD 271- (Figure 

3D) were not expressed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. A. Osteogenic differentiation of Ad-MSCs. Von Kossa staining was used to detect calcium deposit at 14 days after osteogenic 

culture (white arrow), scale bar: 10 µm.B. Chondrogenic  differentiation of Ad-MSCs. On the 21st day, chondrogenic differentiated 

cells were observed by Alcian blue staining (stars), scale bar: 10 µm. C. Adipogenic of differentiation of Ad-MSCs. On the 21st day, 

oil vacuoles were observed in the cytoplasm of the Ad-MSCs by Oil red O staining (black arrow) scale bar: 5µm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The expression of cell surface molecules in canine Ad-MSCs was detected by flow cytometry: A. Control, B. CD 29-, C. CD 

34-, D. CD 271-, E. CD 90+, F. CD 81+, G. CD 44+, H. CD 73+. 
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Figure 4. Ad-MSC cell numbers in cell-seeded B-TCP,                  

B-TCP/Col and Only cell (OC) groups obtained from absorbance 

values of MTT test on days 1, 7, 14 and 21 (** P<0.01,                         

**** P<0.0001). 

 

 

MTT Assay: Colorimetric MTT test was performed on the 

1st, 7th, 14th and 21st days on B-TCP and B-TCP/Col based 

biomaterials and groups of only cells (OC) (Figure 4). 

According to the calibration curve, the cell numbers 

cultivated on biomaterials were calculated. Although the 

number of cells in the B-TCP material was significantly 

higher than the B-TCP/Col combination on day 1, there 

was no significant difference between the two materials on 

the other days. The cell number of the OC group was 

statistically higher than cell proliferation in both materials 

on days 1, 7, 14 and 21. The increase in cell number from 

day 1 to day 7 in both materials was statistically 

significant. The number of cells adhering to the materials 

decreased significantly from day 7 to day 21, while the 

proliferation of cells grown in tissue culture plates 

decreased from day 14 to day 21. 

 

Scanning Electron Microscopy (SEM): As a result of 

scanning electron microscopy, the general surface 

properties of cell seeded materials were photographed. 

Ad-MSCs attached to the porous surface of B-TCP was 

demonstrated in cell seeded biomaterials (Figure 5A). 

Biomaterials containing β-TCP/collagen were shown by 

SEM to have fewer pores than β-TCP. The collagen 

structure and location of Ad-MSCs were photographed in 

the cell-planted β-TCP/collagen-containing biomaterial 

(Figure 5B). 

 

Alkaline Phosphatase Assay: It was observed that ALP 

activity significantly increased from day 1 to 7 days in B-

TCP and B-TCP/Col based biomaterials and groups of 

OC. Enzyme activity of ALP significantly decreased from 

day 14 to day 21 in all groups. Cells seeded in B-TCP/Col 

scaffolds possessed higher ALP enzyme activity on days 

1 and 7 than B-TCP. ALP enzyme activity of cells seeded 

in B-TCP/Col scaffolds was significantly higher than OC 

groups on the 1st day. On the 14th and 21st days, there was 

no significant difference between the two materials. The 

ALP activity of wells with OC increased from day 1 to day 

14 and decreased on day 21 (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. A. SEM image of Ad-MSCs seeded B-TCP material. 

Ad-MSCs covered the entire porous surface of the material. B. 

SEM image of Ad-MSC seeded B-TCP/Col material. The white 

arrow indicates pieces of material and stars point out cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. ALP activity of Ad-MSCs in cell-seeded B-TCP, B-

TCP/Col and Only cell (OC) groups on days 1, 7, 14 and 21 (*** 

P<0.001, **** P<0.0001). 
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Figure 7. On days 7 (A.), 14 (B.) and 21 (C.), an increased amount of calcium deposition was demonstrated by Von Kossa staining as 

brown staining areas (arrows). However, on days 7, 14 and 21 (D., E., F.), the amount of calcium deposition could not be demonstrated 

because of the high biodegradation level of B-TCP/Col scaffolds. 

 

Von Kossa Staining on Biomaterials: Von Kossa staining 

results showed that the number of calcium deposits 

increased from the 7th day to the 21st day in the B-TCP and 

B-TCP/Col scaffolds (Figure 7). These deposits were 

demonstrated by the increase in areas of brown staining on 

the material after 60 minutes of UV light exposure. 

However, due to the high biodegradation rate of B-

TCP/Col scaffolds, degradation started after the seventh 

day and calcium deposits could not be demonstrated. 

 

Real Time PCR: The relative expressions of osteogenic 

marker genes; RUNX2 (Runt-related transcription factor 

2) and SPARC (Secreted protein acidic and cysteine-rich) 

by cells inside B-TCP and B-TCP/Col containing 

materials and the group with OC were examined. RUNX2 

gene expressions significantly increased from day 7 to day 

14 in both biomaterials. Furthermore, from the 14th to the 

21st day, the gene expressions of RUNX2 were 

significantly higher in B-TCP and B-TCP/Col containing 

materials and the OC group. 14th-day expressions of 

RUNX2 in both biomaterials were higher than in the OC 

group. There was no statistically significant difference 

between the two biomaterials regarding RUNX2 

expressions. SPARC gene expressions significantly 

increased from day 7 to day 21 in B-TCP and B-TCP/Col 

containing materials and the OC group. Cell-seeded B-

TCP biomaterial possessed significantly higher SPARC 

gene expression than the BTCP/Col and OC groups on day 

21 (Figure 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Relative mRNA expressions of RUNX2 and SPARC 

in cell-seeded B-TCP, B-TCP/Col and Only cell (OC) groups on 

days 7, 14 and 21. (* P<0.05, ** P<0.01, *** P<0.001, **** 

P<0.0001). 
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Discussion and Conclusion 

Tissue engineering provides a new approach to the therapy 

of damaged tissues. The development of biomaterials that 

can allow mesenchymal stem cell attachment, growth and 

proliferation are essential for creating tissue engineering 

scaffolds to support bone regeneration. The ideal 

biomaterial for bone tissue engineering should be 

osteoinductive, osteoconductive and biodegradable at the 

desired rate. Collagen is one of the natural polysaccharides 

that are biocompatible and biodegradable, the structure of 

which regenerates natural bone tissue glycosaminoglycans 

(36). In contrast, B-TCP which is a bioactive ceramic has 

a low capacity for biodegradation (4). Therefore, we used 

3D porous scaffolds containing B-TCP and B-TCP/Col for 

use as bone repair substitutes. In this study, Ad-MSCs 

were seeded on mentioned biomaterials and their growth 

and differentiation capacities were compared on these 

materials. 

Flow cytometry analysis characterized canine Ad-

MSCs with antibodies CD 29, CD 34, CD 44, CD 73, CD 

90, CD 81 and CD 271. The MSCs isolated from the 

canine adipose tissue expressed the stem cell markers CD 

44+, CD 73+, CD 81+ and CD 90+, whereas the markers 

CD 34- and CD 271- were negative; these results are 

consistent with others (25, 39, 40, 42, 46). In the general 

Ad-MSCs characterization criteria, CD 29 is considered 

positive (18, 29, 37, 51). The previous characterization 

studies of Ad-MSCs revealed that CD 29 was also 

expressed in humans, horses, cats and dogs (28, 42, 45, 47, 

49). However in this study the CD 29 surface antigen was 

not expressed. Canine Ad-MSCs isolation and 

characterization studies of Marx et al. (28) and Screven et 

al. (43) support the results obtained in this study. It is 

thought that this difference may arise from the differences 

between animal species and further research is needed for 

species-specific characterization. 

MTT assay was performed to specify the number of 

viable cells on B-TCP and B-TCP/Col on the 1st, 7th, 14th 

and 21st days after seeding. The number of cells increased 

the first 7 days and reduced on the 21st day indicating that 

both biomaterials support the attachment, proliferation 

and osteogenic differentiation of cells. It is thought that 

the decrease in the number of cells on the 21st day in both 

materials and in the OC group is insufficient space for the 

cells to proliferate. The present findings are supported by 

previous studies made with different biomaterials 

containing B-TCP and MSC (11, 34, 50). 

Alkaline phosphatase is an enzyme that refers to 

increased osteoblasts activity for new bone formation and 

growth. Therefore it is used as an early marker for 

osteogenic activity. The previous findings studied with 

cell seeded ceramic scaffolds and collagen containing 

biomaterials have indicated that ALP expression reaches a 

maximum level after 14 days in culture and declines up to 

day 21 (15, 22, 31). According to the present findings, the 

enzyme activity of B-TCP increased from 1 day to 14 days 

and it decreased on the 21st day. In B-TCP/Col structured 

biomaterial, ALP activity increased in the first week and 

decreased after the second week. It is thought that these 

findings can be the indicator of differentiation from 

osteoblasts to osteocytes (35). 

To compare the qualitative assessment of 

mineralization of the extracellular matrix, Von Kossa 

staining was performed on the 7th, 14th and 21st days for 

both materials. It was determined that calcium deposits 

increased from 7 days to 21 days in the biomaterial 

containing B-TCP. However, since the degradation ability 

of the B-TCP/Col is high, the mineral dissolved after the 

7th day and the mentioned calcium deposits could not be 

shown on the material. The high degradation ability of this 

material is due to collagen, a natural biomaterial it 

contains. This high degradation property of the material is 

a disadvantage for bone tissue engineering (39). Donzelli 

et al. (15) conducted an in vitro degradation study using 

MSC derived from rat bone marrow and collagen material. 

They predicted in vivo studies that collagen could be 

dissolved before bone tissue healed. Collagen was used in 

our study in combination with B-TCP to overcome this 

disadvantage of collagen. Kato et al. (23) demonstrated 

that the osteoconductivity and biodegradation property of 

B-TCP/Col composites are superior to B-TCP. However, 

it was seen that this combination could not sufficiently 

reduce the degradation properties of the material. 

Therefore, it is thought that degradation studies about B-

TCP/Col should maintain. 

RUNX2 also known as core-binding factor subunit 

alpha-1 is a protein that is an essential transcription factor 

for osteoblast differentiation (24). SPARC also called 

osteonectin is a glycoprotein initiating mineralization and 

promoting mineral crystal formation during bone 

formation (38). Because they are related to osteoblast 

activity, both genes are considered an early marker of bone 

regeneration. However, these genes have a significant role 

in the early and late phase of osteogenesis (14, 24). In 

studies with ceramic biomaterials and MSCs, expressions 

of the SPARC and RUNX2 genes were measured and it 

was shown that the expressions peak first days and then 

decrease (2, 50). In this study, Real-time PCR analysis was 

performed to determine osteogenic markers of RUNX2 

and SPARC on days 7, 14 and 21 for materials and the OC 

control group. Expression of both genes increased in both 

biomaterials and control groups from 7th day to 21st day. 

The higher expressions of the RUNX2 and SPARC genes 

compared to the control group indicated that these 

materials have the osteoinductive capacity. 

In the study, canine Ad-MSCs were propagated and 

differentiated to the bone on biomaterials containing B-
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TCP and B-TCP/Col. The proliferation and osteogenic 

differentiation capacities of Canine Ad-MSCs were 

compared in two different biomaterials. Cell adhesion, 

proliferation and differentiation capacities were tested by 

performing MTT, Alkaline Phosphatase, Von Kossa and 

RT-PCR analysis on biomaterials containing B-TCP and 

B-TCP/Col. It was concluded that both materials were 

successful in terms of cell attachment, proliferation and 

osteogenic differentiation. When comparing the 

biomaterials with each other, there was no significant 

difference in cell proliferation assay. However, the ALP 

activity of the B-TCP/Col containing material was 

significantly higher than the B-TCP. Although there were 

no significant differences in RUNX2, the SPARC gene 

expression of the B-TCP material on day 14 was higher 

than the other material. The results of Von Kossa staining 

showed that B-TCP/Col has above the desired level 

degradation capacity. The very high biodegradability of 

the B-TCP/Col combination is thought to make it possible 

to work in cartilage tissue engineering rather than bone 

tissue engineering. More research is needed to increase the 

absorption rate, mechanical properties and chemical 

stability of materials prepared in combination with 

collagen in the body. 
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6. Can A (2014): Kök Hücre, Biyolojisi Türleri ve Tedavide 

Kullanımları. Akademisyen Kitabevi. Ankara. 

7. Cao H, Kuboyama N (2010): A biodegradable porous 

composite scaffold of PGA/β-TCP for bone tissue 

engineering. Bone, 46, 386-395. 

8. Caplan AI (2008) Why are MSCs therapeutic? new data: 

New insight. J Pathol 217, 318–324. 

9. Cerci E, Erdost H (2019): Phenotypic characterization 

and differentiation of mesenchymal stem cells originating 

from adipose tissue. Turkish J Vet Anim Sci, 43, 834-845.  

10. Cerci E, Erdost H (2021): Rapid, practical and safe 

isolation of adipose derived stem cells. Biotech 

Histochem, 96, 138-145.  

11. Choy CS, Lee WF, Lin PY, et al (2021): Surface modified 

β-Tricalcium phosphate enhanced stem cell osteogenic 

differentiation in vitro and bone regeneration in vivo. Sci 

Rep, 11, 1-14. 

12. Correia C, Bhumiratana S, Yan LP, et al (2012): 

Development of silk-based scaffolds for tissue engineering 

of bone from human adipose-derived stem cells. Acta 

Biomater, 8, 2483-2492. 

13. Dai R, Wang Z, Samanipour R, et al (2016): Adipose-

derived stem cells for tissue engineering and regenerative 

medicine applications. Stem Cells Int, 2016, 1-19. 

14. Deschaseaux F, Sensébé L, Heymann D (2009): 

Mechanisms of bone repair and regeneration. Trends Mol 

Med, 15, 417-429. 

15. Donzelli E, Salvadè A, Mimo P, et al (2007): 

Mesenchymal stem cells cultured on a collagen scaffold: In 

vitro osteogenic differentiation. Arch Oral Biol, 52, 64-73. 

16. Ebrahimi M, Botelho MG, Dorozhkin SV (2017): 

Biphasic calcium phosphates bioceramics (HA/TCP): 

concept, physicochemical properties and the impact of 



 

DOI: 10.33988/auvfd.1130705 

133 http://vetjournal.ankara.edu.tr/en/ Ö Özgenç Çınar and A Özen 

standardization of study protocols in biomaterials 

research. Mater Sci Eng C Mater Biol Appl, 71, 1293-1312. 

17. Friedenstein AJ, Piatetzky SII, Petrakova KV (1966): 

Osteogenesis in transplants of bone marrow cells. J 

Embryol Exp Morphol, 16, 381-390. 

18. Gronthos S, Franklin DM, Leddy HA, et al (2001): 

Surface protein characterization of human adipose tissue 

derived stromal cells. J Cell Physiol, 189, 54-63. 

19. Hilal A, Ece Ç, Marzieh KK, et al (2020): Histologic and 

electromyographic evaluation of neuroregenerative effect 

of stromal vascular fraction following neuroanastomosis. 

Kafkas Univ Vet Fak Derg, 26, 483-490. 

20. Huri PY, Hasirci N, Hasirci V (2010): Kemik doku 

mühendisliği. AKTD, 19, 206-219. 

21. Jurgens WJ, Oedayrajsingh-Varma MJ, Helder MN, et 

al (2008): Effect of tissue-harvesting site on yield of stem 

cells derived from adipose tissue: implications for cell-

based therapies. Cell Tissue Res, 332, 415-426. 

22. Karadzic I, Vucic V, Jokanovic V, et al (2015): Effects of 

novel hydroxyapatite based 3D biomaterials on 

proliferation and osteoblastic differentiation of 

mesenchymal stem cells. J Biomed Mater Res A, 103, 350-

357. 

23. Kato E, Lemler J, Sakurai K, et al (2014): Biodegradation 

property of Beta‐Tricalcium Phosphate‐Collagen composite 

in accordance with bone formation: a comparative study 

with Bio‐Oss Collagen® in a rat critical‐size defect 

model. Clin Implant Dent Relat Res, 16, 202-211. 

24. Komori T (2005): Regulation of skeletal development by 

the Runx family of transcription factors. J Cell Biochem, 95, 

445-453. 

25. Li WJ, Tuli R, Huang X, et al (2005): Multilineage 

differentiation of human mesenchymal stem cells in a three-

dimensional nanofibrous scaffold. Biomaterials, 25, 5158-

5166. 

26. Malafaya PB, Silva GA, Reis RL (2007): Natural-origin 

polymers as carriers and scaffolds for biomolecules and cell 

delivery in tissue engineering applications. Adv Drug Deliv 

Rev, 59, 207-233.  

27. Martinello T, Bronzini I, Maccatrozzo L, et al (2011): 

Canine adipose-derived-mesenchymal stem cells do not lose 

stem features after a long-term cryopreservation. Res Vet 

Sci, 91, 18-24. 

28. Marx C, Silveira MD, Beyer Nardi N (2015): Adipose-

derived stem cells in veterinary medicine: characterization 

and therapeutic applications. Stem Cells Dev, 24, 803-813. 

29. Morikawa S, Yo M, Yoshiaki K, et al (2009): Prospective 

identification, isolation, and systemic transplantation of 

multipotent mesenchymal stem cells in murine bone 

marrow. Exp Med, 206, 2483-2496. 

30. Mravic M, Péault B, James AW (2014): Current trends in 

bone tissue engineering. Biomed Res Int, 2014, 1-5. 

31. Mygind T, Stiehler M, Baatrup A, et al (2007): 

Mesenchymal stem cell ingrowth and differentiation on 

coralline hydroxyapatite scaffolds. Biomaterials, 28, 1036-

1047. 

32. Ozdal Kurt F, Tuğlu I, Vatansever H, et al (2016): The 

effect of different implant biomaterials on the behavior of 

canine bone marrow stromal cells during their 

differentiation into osteoblasts. Biotech Histochem, 91, 

412-422. 

33. Ozen A, Sancak IG, Ceylan A, et al (2016): Isolation of 

adipose tissue-derived stem cells. Turk J Vet Anim Sci, 40, 

137-141. 

34. Rad MR, Fahimipour F, Dashtimoghadam E, et al 

(2021): Osteogenic differentiation of adipose-derived 

mesenchymal stem cells using 3D-Printed PDLLA/β-TCP 

nanocomposite scaffolds. Bioprinting, 21, 1-9. 

35. Rai B, Lin JL, Lim ZX, et al (2010): Differences between 

in vitro viability and differentiation and in vivo bone-

forming efficacy of human mesenchymal stem cells cultured 

on PCL–TCP scaffolds. Biomaterials, 31, 7960-7970. 

36. Rodrigues CVM, Serricella P, Linhares ABR, et al 

(2014): Adipose mesenchymal stem cells in the field of bone 

tissue engineering. World J Stem Cells, 6, 144-152. 

37. Romanov YA, Darevskaya AN, Merzlikina NV, et al 

(2005): Mesenchymal stem cells from human bone marrow 

and adipose tissue: isolation, characterization, and 

differentiation potentialities. Bull Exp Biol Med, 140, 138-

143. 

38. Rosset EM, Bradshaw AD (2016): SPARC/osteonectin in 

mineralized tissue. Matrix Biol, 52, 78-87. 

39. Rossi MA, Duarte MEL, Farina M (2003): 

Characterization of a bovine collagen-hydroxyapatite 

composite scaffold for bone tissue engineering. 

Biomaterials, 24, 4987-4997. 

40. Sándor GK (2012): Tissue engineering of bone: Clinical 

observations with adipose-derived stem cells, resorbable 

scaffolds, and growth factors. Ann Maxillofac Surg, 2, 8-

11. 

41. Sarikaya B, Aydin HM (2015): Collagen/beta-tricalcium 

phosphate based synthetic bone grafts via dehydrothermal 

processing. Biomed Res Int, 2015, 1-10. 

42. Schäffler A, Büchler C (2007): Concise review: adipose 

tissue derived stromal cells basic and clinical implications 

for novel cell based therapies. Stem Cells, 25, 818-827. 

43. Screven R, Kenyon E, Myers MJ, et al (2014): 

Immunophenotype and gene expression profile of 

mesenchymal stem cells derived from canine adipose tissue 

and bone marrow. Vet Immunol Immunopathol, 161, 21-31. 

44. Seo JP, Tsuzuki N, Haneda S, et al (2012): Proliferation 

of equine bone marrow-derived mesenchymal stem cells in 

gelatin/β-tricalcium phosphate sponges. Res Vet Sci, 93, 

1481-1486. 

45. Song WJ, Li Q, Ryu MO, et al (2019): Canine adipose 

tissue-derived mesenchymal stem cells pre-treated with 

TNF-alpha enhance immunomodulatory effects in 

inflammatory bowel disease in mice. Res Vet Sci, 125, 176-

184. 

46. Takahashi Y, Yamamoto M, Tabata Y (2005): 

Osteogenic differentiation of mesenchymal stem cells in 

biodegradable sponges composed of gelatin and β-

tricalcium phosphate. Biomaterials, 26, 3587-3596. 

47. Via AG, Frizziero A, Oliva F (2012): Biological properties 

of mesenchymal stem cells from different sources. MLTJ, 2, 

154. 

48. Vieira NM, Brandalise V, Zucconi E, et al (2010): 

Isolation, characterization, and differentiation potential of 

canine adipose-derived stem cells. Cell Transplant, 19, 279-

289. 

49. Villatoro AJ, Fernández V, Claros S, et al (2015): Use of 

adipose-derived mesenchymal stem cells in keratoconjunctivitis 

sicca in a canine model. Biomed Res Int, 2015, 2-4. 



 

DOI: 10.33988/auvfd.1130705 

134 Ankara Univ Vet Fak Derg, 71  2, 2024 http://vetjournal.ankara.edu.tr/en/ 

50. Westhauser F, Karadjian M, Essers C, et al (2019): 

Osteogenic differentiation of mesenchymal stem cells is 

enhanced in a 45S5-supplemented β-TCP composite 

scaffold: an in-vitro comparison of Vitoss and Vitoss BA. 

PloS One, 14, 1-18. 

51. Wilson A, Chee M, Butler P, et al (2019): Isolation and 

characterisation of human adipose-derived stem cells. 

Methods Mol Biol, 2019, 3-13.  

52. Xiaoming L, Haifeng L, Niu X, et al (2011): Osteogenic 

differentiation of human adipose‐derived stem cells induced 

by osteoinductive calcium phosphate ceramics. J Biomed 

Mater Res B Appl Biomater, 1, 10-19. 

53. Zuk PA, Zhu M, Mizuno H, et al (2001): Multilineage 

cells from human adipose tissue: implications for cell-based 

therapies. Tissue Eng, 7, 211-228. 

 

Publisher's Note 

All claims expressed in this article are solely those of the authors and 

do not necessarily represent those of their affiliated organizations, or 

those of the publisher, the editors and the reviewers. Any product that 
may be evaluated in this article, or claim that may be made by its 

manufacturer, is not guaranteed or endorsed by the publisher. 

 


