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Abstract
	 Buccal fat pad is a suitable intra-oral source of Adipose-Derived Stem Cells (ADSCs) for bone tissue engineering. 

CD271 is one of the most specific cell surface markers used to isolate mesenchymal stem cells from various tissues. 

However, there has not been a study done that has used the cell-sorting technique with this marker to isolate the 

ASC from buccal fat tissue. The aim of this study was to compare the characteristics of ADSCs isolated from intraoral 

buccal fat pads using CD 271+ magnetic-activated cell sorting (MACS) and plastic adherence (PA). Buccal fat tissue 

was harvested from ten patients who underwent orthognathic surgeries. ADSCs were isolated from the tissue using 

PA (Group A) and MACS; CD 271+ (Group B) and CD271- (Group C), (5 participants per group). The characteristics of 

the cells including colony forming unit fibroblast (CFU-F), immunophenotyping markers, and multi-differentiation 

into tri-lineages were comparatively assessed. Gingival fibroblast served as the negative control group. The results 

demonstrated that (CFU-F) formed in the Group B cells, but were not detected in the other groups. The cells of 

groups A-C expressed the mesenchymal stem cell  including CD 73, 90 and 105. No statistical difference was  

detected among the groups. It was noted that CD 73 was detected at the highest levels followed by CD 105 and CD 

90 respectively. The cells of the control group expressed those markers remarkably less than the experiment groups 

(significant differences were found in CD 73 and CD 105, p<0.05). In addition, the cells of all groups expressed  

hematopoietic stem cell markers including CD 14, 20, 34 and 45 at very low levels. The cells of groups A-C demonstrated 

adipogenic, chondrogenic and osteogenic differentiation when cultured in the inductive conditions. There was no 

significant difference of those properties among the groups. In conclusion, CD 271 is considered as a proper marker for 

sorting ADSCs from buccal fat tissue. However, it cannot be used as the sole marker. Although the ADSCs expressed 

CD 90 at the lowest levels, they still had osteogenic differentiation capacity. Therefore, they can be used as a stem 

cell source to repair bone defects.
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Introduction 
	 Tissue engineering has become a popular  

alternative method in the field of reconstructive surgery. 

The bone tissue engineering triad includes scaffolds, cells, 

and signaling substances. A combination of scaffolds 

with bone forming cells as cell-scaffold constructs is a 

good strategy to enhance bone regeneration. Several 

studies1-5 obtained better results in promoting new bone 

when the scaffolds were combined with several cell 

types, such as primary osteoblasts, mesenchymal stem 

cells (MSCs) from bone marrow (BM) (BM-MSCs), and 

dental pulp. Another source of MSCs is fat tissue from 

which adipose-derived stem cells (ADSCs) are obtained. 

ADSCs were found to express immunophenotyping 

markers similar to the BM-MSCs. Moreover, they can be 

differentiated toward various cell types, especially bone 

forming cells. Some studies6-10 revealed that the buccal 

fat pads are suitable intra-oral sources of the ADSCs 

which provide a large amount of fat tissue that is easily 

harvested in routine intraoral surgical fields. Plastic 

adherence (PA) capacity of stem cells is commonly used 

to isolate the ADSCs from other cell types since non- 

adherent cells can be washed out after periods of culture. 

Although this technique is very simple and cheap, the 

amount of stem cells obtained is only about one cell 

per 105 of adherent cells.11,12 A new method to purify 

stem cell populations is magnetic-activated cell sorting 

(MACS) which uses antibody-binding. The specific markers 

are conjugated to iron oxide microbeads that can retain 

the desired cells in the column containers in a magnetic 

field, whereas unlabeled cells are eluted.13 Some studies14-17 

suggest using low-affinity nerve growth factor receptor 

(CD271,p75NTR) antibody as a positive selection marker 

of MSCs. The CD271+ cells obtain high purity of a MSC 

population that supports self-renewal capacity and 

multi-differentiation potential. However, there are no 

comparative results of characterization of the ADSCs 

isolated from the intraoral buccal fat pads using the 

conventional PA method or MACS. In this study, CD271 

was used as the specific marker of the MSCs and the 

positive and negative cells to the marker were included 

for the investigation.

Patient enrollment

	 Ten volunteer patients were enrolled in the 

study. All patients underwent orthognathic surgeries to 

correct skeletal discrepancies at the Oral & Maxillofacial 

Surgery Clinic, Dental Hospital, Faculty of Dentistry, 

Prince of Songkla University. The protocol of this study 

was approved by the ethics committee of the Faculty 

of Dentistry, Prince of Songkla University (EC5909-38-P-LR). 

The inclusion criteria of the participants included ASA 

class I, age >20 years old, weight >50 kg and hematocrit 

≥35 %. The excluded patients were those with systemic 

diseases including hereditary blood diseases, disorders 

of the blood and blood components, blood transmitted 

diseases, and diabetes.

Isolating ADSCs from fat tissue

	 The ADSCs of the participants were consecutively 

isolated using two different methods and divided into 

three groups. In Group A, five samples of cells were 

isolated from five patients using PA.18 The other five 

patients were the sources of cells for Group B (five 

samples) and Group C (five samples). In Group B, the 

cells which were positive to CD 271 (CD271+) were 

isolated using MACS. In Group C, the cells which were 

negative to CD271 (CD271-) were isolated using MACS. 

Each participant underwent orthognathic surgery under 

general anesthesia. During the operations of Lefort I 

osteotomy of the maxilla or sagittal split osteotomy of 

the mandible, some parts of the fat pads were excised, 

then immediately placed into DMEM (Dulbecco’s Modified 

Eagle Medium, Gibco, USA) and stored at 4°C until the 

isolation process. The fat tissue was washed several times 

with sterile phosphate buffered saline (PBS) to remove 

contaminating debris and red blood cells. The volumes 

were then measured using a 5 mL sterile disposable 

syringe. Afterwards, the tissues were minced into small

Materials and Methods 
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pieces and enzymatically digested using 0.75 % collagenase 

type I (Gibco, USA) in PBS at 37°C with gentle agitation 

for 60 min. The supernatants were collected, and then 

centrifuged at 400 g for 10 min to exclude the remaining 

adipocytes and lipid droplets. The cellular pellets were 

suspended in DMEM supplemented with 10 % fetal 

bovine serum (FBS) (Gibco, USA), and then filtered 

through a 100 µm filter (Corning, USA). In group A the 

cell suspension was plated onto 6-well culture plates 

(Corning, USA) and cultured in a humidified atmosphere 

with 5 % CO
2
 at 37°C. In groups B and C, the cells were 

isolated using CD271 antibody for MACS (CD271 MicroBead 

Kit human, Miltenyi Biotec, Germany). In brief, the cell 

suspension was re-centrifuged at 300 g for 10 min and 

the cell pellets were resuspended in 60 µL of buffer (PBS 

with 0.5 % FBS, and 2 mM EDTA). The cell suspensions 

were incubated in 20 µL of FcR blocking reagent and 

20 µL of CD271 MicroBeads for 15 min at 4°C. Afterwards, 

the cells were washed by adding 1-2 mL of buffer, and 

then centrifuged at 300 × g for 10 min. Re-suspended 

cell solutions were made by adding 500 µL of buffer, 

and then loaded onto a column which was placed in 

a MiniMACS separator (Miltenyi Biotec, Germany). The 

magnetically labeled CD271+ cells of group B were 

retained in the column, whereas the unlabeled CD 

271- cells of group C were run through. The cells of 

Groups B and C were collected and cultured in DMEM 

supplemented with 10 % FBS in a humidified atmosphere 

with 5 % CO
2
 at 37°C. The cells of all groups at passages 

1-4 were used for the following experiments (five samples/

group/test).

Determining the Characteristics of the cells 

Colony-forming unit fibroblast (CFU-F) assays

	 The cells of each group at passage 1 were 

plated at a density of 100 cells/well in a 6-well plate 

to define the numbers of CFU-F. Within 20 days, the 

cells were fixed with 4 % paraformaldehyde and stained 

with 0.1 % toluidine blue (Sigma, USA). The CFU-F was 

observed under a light microscope (Nikon, Japan). The 

numbers of colonies were counted if the aggregations 

were at least 50 cells or the colonies were >2 mm in 

diameters.2 The cells of each patient were assessed in 

triplicate.

Flow cytometry analysis

	 The MSC immunophenotypes of the ADSCs 

were defined following the International Society for 

Cellular Therapy (ISCT) protocols.19 The analysis was 

performed using a fluorochrome-conjugated monoclonal 

antibody cocktail in the MSC Phenotyping Kit human 

(Miltenyi Biotec, Germany). In brief, 5 x 105 cells from 

each group in passages 2 and 3 were incubated in the 

antibodies against the surface antigens CD73, CD90, and 

CD105 as the positive markers and CD14, CD20, CD34, 

and CD45 as the negative markers. At least 10,000 events 

were acquired for each sample using a fluorescent-activated 

cell sorting instrument (FACSCalibur, BD Biosciences) 

and the data were analyzed using CELLQUEST software 

(BD Biosciences).

Multi-differentiate potential of the ADSCs

Adipogenic differentiation 

	 The cells at 1 x 104/well were cultured in  

adipogenic induction medium comprised of DMEM 

supplemented with 10 % FBS, 1 µM dexamethasone, 

10 µg/mL insulin, 500 µM 3-isobutyl-1-methylxanthine 

and 200 µM indomethacin (Sigma, USA) for 21 days. The 

culture mediums were changed every two days. On day 21, 

the cells were fixed in 10 % formaldehyde for 1 h and stained 

with Oil Red O solution (20 mg/mL in isopropanol) 

(Sigma, USA) for 15 min. Lipid vacuoles were quantified 

by extracting with 100 % isopropanol for 10 min and 

reading with a microplate reader (Multiscan™Go, Thermo 

Fisher Scientific) at the absorbance of 540 nm.

Chondrogenic differentiation 

	 The cells (5 x 105) were centrifuged at 600 g for 

5 min to form cell pellets and re-suspended in 2 mL 

chrondogenic medium (StemPro Chondrogenesis  

Differentiation Kit, Gibco) in a 15-mL centrifugation tube 

(Corning, USA) for 21 days to induce chondrogenic  

differentiation.20,21 The culture medium was changed

every three days.20 Determination of expression of
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chondrogenic differentiation was performed after 21 

days of culture using alcian blue staining.20

Osteogenic differentiation 

	 The cells (1 x 104 cells/well) were cultured in 

osteogenic medium (DMEM supplemented with 10 % FBS, 

5 mM beta-glycerophosphate, 100 nM dexamethasone, 

and 50 µg/mL ascorbic acid). Osteoblastic differentiation 

markers including alkaline phosphatase activity (ALP) 

and osteocalcin expression (OCN) at days 3, 7, 14, and 

21 were assessed using ELISA (five samples/group/time 

point). On the days of the experiments, the cells were 

washed two times using PBS. After that, 200 µL of 1 % 

Triton X-100 in PBS was added into each well and then 

the cells were lysed by freezing and thawing in three 

cycles (30 min/cycle). The mixtures were transferred 

into microcentrifuge tubes and centrifuged at 2000 x g 

for 10 min. The supernatants were collected as cell 

lysis solutions and kept at -80°C for the analysis of total 

cellular protein content, ALP activity, and OCN expression. 

The quantification of total protein in the solutions were 

performed according to the manufacturer’s instructions 

(Bio-Rad Protein Assay; Bio-Rad Laboratories, USA) based 

on the method of Bradford. Absorbance at 750 nm was 

read using the microplate reader. The ALP activities were 

measured according to the instructions using the  

commercial kit of Alkaline Phosphatase, AMP Buffer 

(HUMAN, Germany) according to the recommendation 

of the International Federation of Clinical Chemistry. 

The levels of activity were calculated per one milligram of 

the total cellular protein (U/L/mg protein). Quantification 

of OCN was performed according to the manufacturer 

instructions using the Osteocalcin ELISA kit (Biomedical 

Technologies Inc., USA). The solutions were read at 450 

nm absorbance using the microplate reader and their 

concentrations were calculated with the serial diluted 

standard solution. The OCN levels were demonstrated 

as ng/mg protein.22

Statistical Analysis

	 The measured parameters were analyzed using 

statistics analysis software (SPSS, version 22.0, USA). 

One-way analysis of variance (ANOVA) and Tukey HSD 

were applied to compare the differences among the 

groups and time points. The level of statistical  

significance was set at P<0.05.

	 The average volume of buccal fat tissue harvested 

from the patients was 3.9 ± 2.6 mL. 

CFU-F

	 CFU-Fs were detected only in Group B during 

20 days of culture, whereas CFU-Fs were not detected 

in Groups A or C (Fig. 1).

Flow cytometry analysis 

	 Expression of the MSC immunophenotypes of 

the ADSCs is demonstrated in Figure 2 and Table 1. 

Among the groups, the profiles of the positive markers 

of MSC were not statistically different. The cells of all 

groups expressed CD73 at the highest levels, followed 

by CD105 and CD90. Expression of the hematopoietic 

markers of all groups was less than 1 %. The fibroblasts 

expressed CD73 and 105 significantly less than those of 

Groups A and B (P<0.05).

Results 
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Figure 1	 Toluidine blue staining of CFU-F after 20 days of culture. A: Group A, B: Group B and C: Group C. D: The magnified image of

 	 Group B CFU-F.

Table 1	 The percentages of immunophenotyping markers were demonstrated. 

CD Markers (%)

             Groups
A

(PA)

B

(CD271+)

C

(CD271-)

Gingival 

Fibroblasts

(control)

MSCs markers CD 90 54.5±27.4 48.7±16.7 58.1±12.6 56.4±9.3

CD 105 78.7±12.1 60.6±9.7**** 62.7±11.7***** 44.2±13.7##

CD 73 88.8±5.3* 89.9±6.3** 86.7±13.5*** 33.9±5.4#

Hematopoietic markers CD 14, 20, 34, 45 0.71±0.4 0.72±0.4 0.99±0.1 0.2±0.17
The percentages of CD73 of groups A-C were significantly higher than CD90 (*p=0.03, **p=0.002, ***p=0.006). The percentages of CD105 of groups 

B and C were significantly higher than CD90 

(****p=0.018, *****p=0.02). The percentages of CD90, CD105 and CD73 of the control group were not significantly different. CD 73 and CD 105 of 

this group were significantly less than those of group A and B (#p =0.002, ##p=0.007)) 
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Figure 2	 The pictures of flow cytometry analysis show the profiles of the MSC markers and the hematopoietic markers of the  

	 experiment groups. 

Multi-differentiate potential of the ADSCs

Adipogenic differentiation 

	 After 21 days of culture, lipid vacuoles were 

detected in red (Fig. 3A). The quantitative measurement 

of the extracted lipid vacuoles is demonstrated in Figure 

3B. There was no statistical difference among the groups 

(P<0.05).

Figure 3	 (A) Oil Red O staining demonstrates the lipid vacuoles seen in red (arrows). (B) The bar graphs demonstrate the OD levels 	

	 of the solubilized Oil Red O. No significant differences were detected among Groups A-C.
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Chondrogenic differentiation 

	 After inductive culture, the cell pellets of Groups A-C could produce cartilaginous matrix (Fig. 4).

Figure 4	 The histological images of the Alcian blue stained 	

	 pellets of group A (A), group B (B) and group C (C). 	

	 D; the magnified image of group A showed the 

	 deposition of GAGs (blue background) in the  

	 extracellular matrix, which implying the chondrogenic 

	 differenti ation (20X magnification).

Osteogenic differentiation

	 The ALP levels of Groups A-C are demonstrated 

in Figure 5. The levels of ALP of Groups A and B seemed 

to be stable during the first 14 days, and then they 

noticeably increased at day 21. On day 21, the ALP level 

of Group A was significantly greater than the other groups 

(P=0.000). In Group C, the highest ALP was detected at day 

3 and then the levels decreased on the following days. 

The OCN levels are shown in Figure 6. The levels of 

OCN in Groups A and B rapidly increased to reach the 

highest levels on day 7, and then decreased thereafter. 

The highest expression of OCN in Group C was detected 

at day 3, and then the levels rapidly decreased on the 

following days. 
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Figure 5	 The bar graphs demonstrate ALP activities of group A-C. The data showed that there was no statistically difference of the

 	 ALP levels among the groups on the first 14 days of culture. On day 21, the level of group A was significantly greater than

 	 the other groups (*p=0.001).

Figure 6	 Bar graphs demonstrate the OCN levels of Groups A-C. The maximum levels of Groups A and B were detected on day 7, 	

	 whereas the maximum level was detected in Group C on day 3. The osteocalcin levels of Groups A and B were significantly 	

	 higher than group C (*p=0.004,**p=0.001 respectively).  

Discussion 
	 In the field of bone tissue engineering, adipose 

tissue is an alternative potential source of mesenchymal 

stem cells which have the ability to differentiate toward 

the lineage of osteoprogenitor cells.6,23,24 Buccal fat pads 

are excellent intra-oral sources of adipose tissue that 

provide greater volumes of tissue compared with dental 

pulp and periodontal ligament. Moreover, the harvesting 

technique of the tissue is easily performed under local

anesthesia which is less invasive compared with bone 

marrow sources. Plastic adherence is a conventional 
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technique used to isolate stem cells from tissue. The 

technique is routine and easy, but after enzymatic  

digestion, adipose tissue generates a pellet of stromal 

vascular fraction (SVF) which contains a heterogeneous 

cell population. At the cellular level, SVF is composed 

of mature adipocytes, fibroblasts, nerve cells, endothelial 

cells, immune cells, and preadipocytic cells.25,26 Those cells 

usually have various protein and cytokine expressions 

and potency of differentiation.25 Therefore, methods to 

purify them are still interesting. Cell sorting with specific 

surface markers to isolate the cells can obtain a more 

homogenous cell population. MACS would be the  

optimum method for identification of stem cells in 

clinical practices due to the fact that it can be done as 

a chairside procedure and the isolation processes can 

be finished within two hours. Moreover, it remarkably 

reduces cultivation time, and avoids contamination of 

the cell culture reagents, when compared with the 

conventional plastic adherence method. However, the 

amounts of stem cells from buccal fat tissue, retained 

in the column of MACS might be low and they should 

be further assessed. Several markers have been used to 

isolate MSCs from various sources. Nevertheless, a 

standard acceptable definition has not reached a consensus. 

The two types of CD surface markers of stem cells are 

sole markers and stemness markers. A sole marker is 

considered to be sufficient to identify stem cells from 

their in vivo environment, whereas stemness markers 

are used to identify subsets of cells with high CFU-Fs 

and trilineage potential. In principle, the sole markers 

are highly expressed, while the stemness markers may 

be moderately detected.27 CD271 is considered to be 

one of the most specific markers to isolate MSCs from 

bone marrow, dental pulp, and adipose tissue.14-16,28-32 

A recent study31 stated that CD271 is the best single 

marker to isolate dental pulp mesenchymal stem cells 

with the greatest differentiation potential. However, 

there has not been a study done which has used this 

marker to isolate ADSCs from buccal fat pads. Our study 

is the first to demonstrate the characteristics of the CD 

271+ ADSCs isolated from buccal fat pads using the cell 

sorting method in terms of expression of MSC markers 

and the capacity to exhibit trilineage differentiation. 

Their properties were compared with those isolated 

with conventional plastic adherence and the gingival 

fibroblasts. 

	 The results of CFU-F assay revealed that self-renewal 

capacity of the cells was detected only in the CD 271+ 

cells, whereas that property was not detected in the PA 

cells or in the CD 271- cells. These results corresponded 

with some previous studies.14,15,29,33 Poloni, et al. compared 

numbers of CFU-Fs generated by human BMSCs isolated 

using Ficoll gradient and CD271+ mononuclear cells 

isolated using MACS. After 14 days of culture, the authors 

found higher numbers of CFU-Fs of the CD271+ cells 

compared with the unsorted BM-MSCs15 Quirici, et al. 

determined the clonogenic potential in three different 

populations from human adipose tissue including PA, 

CD271+ cells, and CD34+ cells. At less than 10 weeks 

of culture, there were no detectable significant differences 

in the numbers of CFU-Fs among the groups. However, 

after 20 weeks, the number of CFU-Fs in the PA group 

nearly disappeared which was significantly less than in 

the CD34+ and 271+ groups.29 Kuçi, et al. demonstrated 

that CFU-F activity was found only in the CD271+ cells, 

while there were no CFU-Fs detected in the CD271– cells.14 

Jarocha, et al.33 compared the capacity for CFU-Fs 

among various methods of isolating MSCs from bone 

marrow including PA, RosetteSep-isolation, and CD105+ 

and CD271+ selection. The results showed that the 

CD271+ fraction had the highest number of CFU-F colonies 

compared with the other groups.33 It is possible that the 

heterogeneous cells isolated using PA and the CD271- cells 

were possibly contaminated with hematopoietic cells, 

endothelial cells, erythrocytes, fibroblasts, lymphocytes, 

monocytes, and macrophages. The strong proliferation 

of cells can diminish the growth of progenitor cells.34,35 

Therefore, selective isolation using a specific marker can 

promote better self-renewal capacity. 

	 Based on the minimum criteria of ISCT, the cells 
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that display the properties of PA, positive expression of 

CD90, CD105, CD73, and negative expression of hemato-

poietic markers, and multi-differentiation potency can 

be termed “MSC”.36 Our results demonstrated that the 

averages cell populations of PA, CD271+, and CD271- groups 

positively expressed CD90, CD105, and CD73 were less 

than 90 %, while the negatively expressed hematopoietic 

markers of CD14, CD20, CD34, and CD45 were less than 

1 % without a significant difference among the groups. 

The positive cell numbers were less than the ISCT criteria 

to identify MSC, which purposes that the cell population 

should express the CD73, CD90 and CD105 ≥ 95 %.36 

However, our results corresponded to the consensus 

between ISCT and International Federation for Adipose 

Therapeutics and Science (IFATS)35, which purposes that 

the ASC should be positive to CD13, CD29, CD44, CD73, 

CD90, and CD105 (>80 %) and negative to CD31, CD45, 

and CD235a (<2 %). Whereas, the SVF should express 

the primary markers of stromal cells including CD13, 

CD29, CD44, CD73, CD90 (>40 %), and CD34 (>20 %), 

but express the negative markers of CD31 (<20 %) and 

CD45 (<50 %).

	 Interestingly, the control group of fibroblasts 

could express the MSC markers, but the amounts were 

remarkably less than the experiment groups (significant 

differences were found in CD 73 and CD 105, P<0.05). 

In addition, they negatively expressed the hematopoietic 

markers less than the other groups. This character  

corresponded to previous studies,27,37 which reported 

that the fibroblasts resembled many behaviors of MSCs 

such as cell morphology, self-renewing capacity, and cell 

surface protein expression, but they lacked multipotency.

	 It was noted that the CD271+ cells expressed 

CD73 at the highest levels of 89.9±6.3 % followed by 

CD105 at 60.6±9.7 % and CD90 at 48.7±16.7 %. Therefore, 

our results also demonstrated that the CD 271+ cells 

were co-expressed with CD105, 73, and 90, whereas 

they negatively expressed the hematopoietic stem cell 

markers. The result was similar to some previous studies 

which found that 49.6±1.7 % of CD271+ ADSCs  

co-expressed with CD9017 and 99 % of CD 217+ cells 

co-expressed with CD90 and CD10538, but contrasted 

to other studies, which found that only 10-20 % of 

CD271+ BMSCs co-expressed with CD90.14,16 Several 

surface markers have been investigated as co-expression 

markers of the CD271+ cells. Some studies found that 

82–85 % of the CD271+ cells from adipose tissue co- 

expressed with CD34.29,38 Maria, et al.39 reported the 

usefulness of using CD271 combined with CD45 to 

isolate fresh bone marrow MSCs. Mabuchi, et al.40 suggested 

that a combination of markers using CD271, CD90, and 

CD106 for the isolation achieved the most potent and 

genetically stable MSC. 

	 For differentiation of the cells, the results of 

our study demonstrated that the ADSCs could differentiate 

into three lineages including adipogenesis, chondrogenesis, 

and osteogenesis. Several previous studies investigated 

the correlations between the CD markers of the cells 

and their ability to differentiate. Some studies  

correspondingly demonstrated that MSCs, which are 

positive to the CD271, 73, and 105, have the potency 

of chondrogenic differentiation,41-44 whereas those that 

are positive to CD90, have more potency for osteogenic 

differentiation in both in vitro and in vivo.45-47 Arufe, et 

al.41 investigated the differentiation of CD73+ and 

CD271+ synovial membrane cells and found that the 

CD271+ cells had higher potency of chondrogenic  

differentiation compared with CD73+ cells. Ruth, et al.31 

found that about 10.6 % of cultured dental pulp cells 

were positive for CD271 and they had promising odontogenic 

and chondrogenic potential. The CD105+ cells showed 

significantly greater chondrogenic potential in vitro even 

when cultured on tissue culture plastic, gel-embedded 

sheets42 and biodegradable scaffolds.43 Kavan, et al.25 

reported that CD90+ADSCs underwent improved  

osteogenic differentiation over CD90-, CD105+, and  

unsorted cells. In vitro, the authors found that co-selection 

of CD105low+/CD90high+ cells had more osteogenic 

phenotype compared with CD105low+/CD90low+ cells. 

Our results showed that although the amounts of the 
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CD 271+/90+ADSCs were remarkably less than those of the 

CD271+/73+ and 271+/105+cells, they could differentiate 

into osteoblastic lineage after culturing in the osteoblastic 

inductive conditions. Moreover, the levels of osteogenic 

differentiation markers of the CD271+cells were not 

statistically different to those of the PA cells. Therefore, it 

is presumed that the osteogenic differentiation capacity 

of the CD 271+ADSCs was similar to that of the PA ADSCs. 

	 Various kinds of progenitor cells are present in 

the perivascular niche of adipose tissue, including  

tissue-resident mesoderm-derived cells, circulating bone 

marrow-derived cells, and neural crest (NC)-derived 

cells.48 However, the developmental origin of ADSCs 

still remains unclear. Several literature reports hypothesize 

that some subsets of bone marrow, dental pulp, and 

adipose mesenchymal stem cells originate from the 

neural crest.49-53 It is found that the neural crest-derived 

stem cells colonize earlier, but are largely replaced by 

non-NC derivatives. Therefore, the contribution of NC 

cells to either BM-MSCs or adipogenic progenitors sharply 

declines with age and a very small proportion of the 

NC-derived cells exist in adults.54-56 Wrage et al.57 reported 

that approximately 2 % of ADSCs are NC-derived and they 

do not contribute to neural differentiation under culture 

conditions. Cuevas-Diaz Duran, et al. and Quirici, et al., 

reported that the amounts of CD271+ cells isolated 

from fresh human adipose tissue were approximately 

2.89 % and 4.4 % respectively.29,38 Correspondingly, Yoshihiro, 

et al.58 demonstrated that a minor subpopulation of 

ADSCs was derived from NC cells and they exhibited an 

adipocyte-restricted differentiation potential, whereas 

chondrogenic potential was markedly attenuated.  

Another theory believes that the perivascular zone is 

the in vivo niche of mesenchymal stem cells which arise 

from a fibroblastic or pericytic origin. The cells are recognized 

as pericytes or perivascular cells which reside in the 

innermost layer of stromal cells contacting vessel  

endothelium.27,58-60 CD146 is considered to be an early 

surface marker of MSCs derived from perivascular cells.61 

CD146+ perivascular cells can express general MSC 

surface antigens of CD73, CD90, and CD105, and they 

commonly negatively express CD31, CD34, and 

CD45.25,62,63 On the other hand, CD146 is also highly 

expressed in MSCs, but not in dermal fibroblasts.63  

Feng-Juan, et al.27 suggest that CD146 is another appropriate 

stem cell marker for universal detection of MSC  

populations from various tissues. The authors suggested 

that CD271+/CD146- cells are bone-lining cells, whereas, 

CD271+/146+ cells have perivascular localization. On 

the contrary, Yoshihiro, et al.58 identified p75NTR-positive 

NC-derived cells along the vessels in the trunk fat tissue 

and found that almost none of them were positive to 

the pericyte markers. Therefore, the amounts of CD146 

should be investigated as the co-expressed marker of 

CD271+ADSCs in future experiments.

	

	 The buccal fat pad is a suitable intra-oral source 

of mesenchymal stem cells. The CD271 surface marker 

seems not to be suitable to be used as the single marker 

for the sorting technique of ADSCs from buccal fat tissue. 
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