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Abstract— The adipose tissue contains a large numbers of stem cells; adipose-derived stem cells (ADSCs) can be em-
ployed in regenerative medicine. This study was aimed at isolating ADSCs and evaluating the safety of ADSCs in mouse 
models. Stromal vascular fraction (SVF) was collected from the adipose tissue using collagenase. ADSCs were then isolated 
from SVFs by in vitro culture. The stemness of the ADSCs was evaluated in vitro based on their self-renewal potential, po-
tential to differentiate into osteoblasts, and adipocytes, and the expression of specific markers. Finally, the tumor forma-
tion ability of ADSCs was evaluated in vivo in athymic mice. Results showed that 100% of the ADSC samples developed 
well and maintained homogeneity up to passage 10. The ADSCs were completely sterilized and could not form tumors in 
athymic mice. These initial results showed that ADSCs were safe for use in stem cell therapy. 
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INTRODUCTION  
Fat tissue is often a problem in women or obese pa-
tients. However, it can be an extremely valuable cell 
source in regenerative medicine. Recent studies have 
shown that subcutaneous fat can provide large num-
bers of stem cells, as it is easy to obtain (Wang and 
Dai, 2010). Collection of abdominal subcutaneous adi-
pose tissue samples is relatively simple. For clinicians, 
using aspiration or minor surgery techniques saves 
time when patients to go to a hospital. These are also 
minimally invasive procedures for the patient, and a 
large amount of tissue can still be acquired using these 
techniques. Stem cell isolation from adipose tissue is 
not too complicated. Stem cell “crawling out” can be 
controlled by the enzymatic digestion of lipoaspirate 
by using collagenase in order to obtain a single-cell 

suspension of SVF cells or tissue culture. However, the 
effect of each method on the isolation of stem cells is 
different. Depending on the purpose and usage, each 
method has its own advantages. Specifically, if there is 
not much adipose tissue when patients need a large 
amount of stem cells, a cell-proliferating culture is an 
appropriate choice. In other cases, fresh stem cells are 
more beneficial. Collaboration between clinicians and 
researchers could save time and reduce costs for pa-
tients. In this study, we focused on expanding stem 
cells by in vitro cultures. The average yield of SVF cells 
was 1×105 to 2×106 cells per milliliter of fat tissue, 
where ADSCs formed approximately 10% of the total 
SVF cells (Van Pham et al., 2013). Adipose tissue 
would therefore be a great revenue advantage com-
pared to other stem cell sources. ADSCs, similar to 
other mesenchymal stem cells, possess characteristics 
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of differentiation into bone, cartilage, fat, muscle and 
other tissues of the same origin (Van Pham et al., 
2013). ADSCs are also capable of secreting multiple 
factors, including: platelet-derived growth factor 
(PDGF), epidermal growth factor (EGF), basic fibrob-
last growth factor (FGF), angiogenic factors, and oth-
ers (Moon et al., 2012), which stimulate repair, replac-
ing and regenerating damaged tissues.  

As society develops, the number of types of diseases is 
increasing; the severity of these diseases is further in-
creasing the demand for preventive and curative med-
icine. Extensive basic research and several clinical stu-
dies have also been conducted towards using mesen-
chymal stem cells to treat diseases. In particular, de-
termining the characteristics and evaluating the safety 
of ADSCs has attracted attention. Despite their capaci-
ty for proliferation and differentiation, the use of 
ADSCs has been considered in treatment. An ADSC is 
a type of cell that has undergone culture in vitro; there-
fore criteria for safety, such as mutation capacity, in 

vivo carcinogenesis, and microorganism infection must 
be strictly controlled. Quality control standards for 
ADSCs, similar to those for biologicals, are necessary, 
whereby mandatory testing standards, such as the 
sterility and endotoxin tests for cultured cells should 
be performed. This is a part of good manufacturing 
practice (GMP) standards in accordance with Euro-
pean regulations for biologicals and pharmaceuticals. 
On the other hand, finding correlations between genes 
and cancer stem cells is a target research area that has 
attracted the attention of many researchers. In Viet-
nam, this area is developed not only in the laboratory 
but also in hospitals.  

Construction is the standard procedure to determine 
the characteristics of ADSCs and has been proven safe 
in cells. It is the primary basis for managers and clini-
cians to gain easy and fast access to stem cell therapy 
for treatment. 

 
 

MATERIALS-METHODS  
ADSC culture  

SVF was collected using an ADSC extraction kit (Ge-
neworld, HCMC, Vietnam) according to the manufac-
turer’s guidelines. Briefly, mouse abdominal adipose 
tissue was finely cut, and washed with Washing buffer 
solution 1 and Washing buffer solution 2. Super Ex-
tract was then added to the lipoaspirate to enzymati-

cally resolve connective tissue, incubated for 30 min at 
37°C, and then centrifuged for 10 min at 2500 rpm to 
collect the pellet. Finally, the pellet was washed with 
Washing buffer 3 by centrifugation at 3000 rpm for 5 
min to collect the SVF cells. The SVF cells were cul-
tured using MSCCult kit medium (Geneworld Ltd., 
Vietnam) and incubated at 37°C, 5% CO2 for 5 days to 
select the ADSCs. ADSC candidates at 70-80% conflu-
ency were subcultured using 0.25% trypsin/EDTA. 
The medium was re-freshed every 2 days. After three 
passages, the ADSC candidates were collected and 
used in subsequent experiments.  

Differentiation into functional cells  

To assess their ability to differentiate into adipose 
cells, ADSCs were induced in differential medium 
consisting of DMEM/F12 supplemented with 0.5 μM 
dexamethasone, 50 μM indomethacin, 1.5 μg/ml insu-
lin, and 0.5 μM IBMX. Lipid droplet formation was 
observed under phase-contrast microscopy after 7 to 
10 days. To confirm the differentiation into adipocytes, 
0.35% Oil Red O solution was used. Fat cells turn red 
when stained with Oil red dye.  

To confirm the osteogenic differentiation potential, 
ADSCs were induced in DMEM/F12 medium supple-
mented with 10% FBS, 1% antibiotic-antimycotic 100×, 
100 nM dexamethasone, 10 mM beta-glycerol, 10 μM 
ascorbic acid, 20.8 mg/ml L-leucine, and 100 ng/ml L-
Lysine. After 24 days, the cells were fixed with 4% pa-
raformaldehyde and stained using 2% alizarin Red. 
All reagents were purchased from Sigma Aldrich (St. 
Louis, MO). 

Expression of cell surface markers   

Cell surface protein expression was analysed by flow 
cytometry using FACSCalibur (BD Bioscience). Cells 
were stained with anti-mouse CD14, CD34, CD44, 
CD45, CD90, and CD105 antibodies, and incubated in 
the dark at room temperature for 30 min. The cells 
were then washed with FACS Fluid solution and re-
suspended in 300 Pl FACS Fluid solution at 4-8°C. At 
least 10,000 events were analyzed for each sample by 
CellQuest Pro software.  

Cell proliferation assays 

Cell proliferation was assessed using Roche xCELLi-
gence System. Cells were loaded in 96-well E-plates at 
a density of 5000 cells/ml for 72 h. The cell doubling 
time growth curve was analyzed using the Real-Time 
Cell Analyzer (RTCA). 
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Oct4 and Nanog gene expression  

Total RNA was extracted using easy-BLUE™ Total 
RNA Extraction Kit (Intron) according to the manufac-
turer's instructions. One microgram of RNA was re-
verse transcribed using PCR Master Mix 2× kit (Fer-
mentas). The amplification process was performed 
with an initial denaturation at 94°C for 3 min, fol-
lowed by 35 cycles of denaturation at 94°C, annealing 
at 59°C, and extension at 72°C, where each step lasted 
for 30 s. A final extension step was carried out at 72°C 
for 5 min and the sample was kept at 4°C. The primers 
used were as follows: 

Oct4 

Forward: 5′- ACATGAAAGCCCTGCAGAAG -3′ 
Reverse: 5′- AGATGGTGGTCTGGCTGAAC -3′ 

Nanog 

Forward: 5′- AGGGTCTGCTACTGAGATGCTCTG -3′ 
Reverse: 5′- CAACCACTGGTTTTTCTGCCACCG -3′ 

GAPDH 

Forward: 5′- CCCTTCATTGACCTCAACTA -3′ 
Reverse: 5′- CCAAAGTTGTCATGGATGAC -3′ 

 

The PCR products were separated by electrophoresis 
on 1.5% agarose gel (Sigma-Adrich, Louis St, MO) for 
30 min and stained with ethidium bromide (Sigma-
Adrich, Louis St, MO). The images were recorded us-
ing UV-Vis. 4T1 cells and fibroblasts (Fibroblast) were 
used as positive and negative controls. 

Microbiological contaminants  

The sterility testing of the cells was performed accord-
ing to the guidelines of Vietnam Pharmacopoeia's 
standards. The process summary is as follows: the cell 
suspension was passed through a 0.45 Pm pore-sized 
sterile membrane filter, and then the membrane was 
washed with a dilute solvent (containing 0.1% pep-
tone, 0.85% NaCl, 1% polysorbate). The membrane 
was then cut into two parts. To determine the bacterial 
content, one of the membrane filters was transferred 
to tubes containing soya bean liquid and incubated at 
30–35°C. For the determination of fungal contamina-
tion, the other membrane filter was transferred to 
tubes containing thioglycolate liquid and incubated at 
20–25°C for 4 days. Filtration and examination were 
performed under aseptic conditions. Positive controls 
were strains of Saccharomyces cerevisiae ATCC 2601 and 
Bacillus subtilis ATCC 6633. The negative control was 

sterile distilled water.  

Tumor-forming ability in athymic nude mice of 
ASCs 

ADSCs were injected into athymic mouse breast at the 
concentrations of 105, 106 and 107 cells in mice at three 
positions, respectively. 4T1 cells were used as positive 
controls and were injected at the site of ADSCs. Both 
ADSCs and 4T1 cells were injected into the mouse. 
Tumor formation was evaluated for the first 30 days. 
The experiment was repeated 3 times. 

Safety of cell transplantation into animal models  

ADSCs were transplanted into immunodeficient mice 
at a concentration of 106 cells/100 μL PBS. Lethal ef-
fects of cells on mice were evaluated for 6 months 
post-transplant. 

 
 

RESULTS-DISCUSSION 

Characteristics of ADSCs 

After 24 h of culture, the cells began to attach to and 
spread across the plate surface (Fig. 1A). Cells reached 
70-80% confluence after 5-7 days. Cell morphology 
changed to spindle-shaped and fibroblast-like (Fig. 
1D); the cells were relatively homogeneous by the 3rd 
passage (Fig. 1B), the conditions of which were main-
tained until the 10th passage (Fig. 1C). ADSCs with 
adhesion and “stem” properties were retained when 
the medium was changed, whereas non-adherent and 
differentiated cells were removed. The percentage of 
selected cells continued to increase with each passage. 
In this study, cell populations became more homoge-
neous after 3 passages. 

The results of growth curve analysis showed that the 
cells were in the log phase for 20-40 h (Fig. 1E), and 
the doubling time of the ADSCs was 48 ± 2 h (Fig. 1F). 
This result is similar to other published studies with a 
doubling time of 36 to 70 h (Clarke et al., 2006).  

Expression of cell surface markers  

Flow cytometry analysis showed that at passage 3, the 
ADSCs were negative for CD14 (1.21%) and CD45 
(0.24%), and were positive for CD34 (89.95%), CD44 
(99.67%), CD90 (95.71%), and CD105 (80.5%) (Fig. 2A). 
CD14 and CD45 are markers for mature hematopoietic 
cells and are not expressed in mesenchymal stem cell 
lines (Moon et al., 2012). On the other hand, CD44, 
CD90, and CD105 are markers representing the adhe-
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sion of cells, an inherent characteristic of the mesen-
chymal cell line (L, 2008). CD34 is normally expressed 
on hematopoietic stem cells; however, it has recently 
been considered a controversial hallmark for these 
cells. Although initially CD34 was not considered a 
marker of MSCs, a large number of research groups 
have demonstrated that ADSCs express different le-
vels of CD34 (Clarke et al., 2006; Puissant et al., 2005). 
Expanded adipose SVF cells show strong expression 
of CD34; however, CD34 expression was reduced dur-
ing in vitro culture. In this study, the average percen-
tage of CD34+ cells was 30.68% at passage 5 and 0.83% 
at passage 10, which is in accordance with results of 
Boquest et al. (2005) (Boquest, 2005). Similarly, the ex-
pression of CD14, CD45, CD105, and CD106 also re-
duced during culture, whereas the expression of CD44 
and CD90 increased (Fig. 2B). 

ADSCs can be differentiated into mature adipocytes 
and osteoblasts 

The cell shape was changed when ADSCs were cul-
tured in differential medium. After 8 days, adipose-
differentiated induced cells had shrunk and fat drop-
lets were formatted (Fig. 3A) and stained red with Oil 
Red O solution (Fig. 3B), confirming the differentia-
tion ability of ADSCs to functional cells. Control cul-
tures presented no signs of mineralization (Fig. 3C).  

Safety of ADSCs  

Sterility testing results, according to Vietnam Pharma-
copoeia IV standards, showed that bacterial (Fig. 4A) 
and fungal (Fig. 4B) growth was not found in the test 
sample (ADSC population). For positive control sam-
ples (DC+), the culture medium was completely opa-
que due to the growth of bacteria, similar to the test 
sample and the negative controls. Microorganism in-
fection can be clearly observed, due to sudden in-
creases in turbidity and a color change in the culture 
medium (Cobo et al., 2005). The cells can survive for a 
short time and daily observations of culture medium 
can determine any infection. The use of ADSCs for 
regenerative medicine is increasing because of their 
advantageous characteristics; however, for stem cell 
transplantation, standards are needed. In addition to 
the microorganisms in the host such as HIV, HBV, and 
HCV, it is important to control other infection sources 
from the external environment, such as bacteria and 
fungi. Nowadays, sterility testing is a part of good 
manufacturing practice (GMP) standards to ensure the 
safety of creating a clean cell source for clinical trans-
plantation (L, 2008). In this study, the cell culture 
process was to ensure that the cells were microbial 
contamination free.  

The carcinogenic effect of transplanted cells is another 
safety indicator that is currently of interest. For the 

 

 
Figure 1. ADSC proliferation in vitro. Cell adhesion after 24 hours (A); cell population appeared morphologically homogeneous after the 3rd passage (B) 
and 10thpassage (C); Cell morphology was similar to fibroblast cells (D);cells proliferative rapidly during the period from 20 to 40 hours after subculture (E); 
the doubling time of ADSCs was 48 ± 2 hours (F). 
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three different injected cell concentrations used—105, 
106, and 107 cells per athymic mouse breast—the 
ADSCs did not show any ability to generate tumors. 
None of the ADSC-transplanted mouse breasts at all 
cell dosesdeveloped tumors, whereas 4T1 cells strong-
ly expressed. After day 7, all breasts of 4T1 trans-
planted mice at all cell doses were tumorigenic. The 
tumor size grew rapidly and the mice were sacrificed 
on the 30th day (Fig. 4C). Both stem cells and cancer 
cells possess unlimited proliferation characteristics 
(Kondo, 2007); therefore, we focused on answering the 
question of whether stem cells, like cancer cells, can 
cause cancer in vivo. However, numerous studies have 
demonstrated that stem cells have the ability to con-
trol their own proliferation in the host body, whereas 
cancer cells do not have this ability. When stem cells 
were grafted into the host, they tended to migrate to 
the location where they originated or to the injured 
tissue. Here, they proliferate in sufficient quantity and 

differentiate to replace the damaged cells.  

 
Figure 3. Dye staining for adipocytes and osteoblast differentia-
tion assay. Fat droplets were formed (A) and stained with Oil red O dye 
(B). Matrix mineralization was evident in the form of calcium nodules 
(stainedred) in the cultures under osteogenic conditions (D). Control 
cultures presented no signs of mineralization (C).  

 
 
Figure 2. The expression of ADSC markers during cell culture. Flow Cytometry analysis showed that ADSC at passage 3 were strongly positive for 
marker CD44, CD90, negative for marker CD14, CD45 (A); expression of marker CD14, C34,CD45, CD105 and CD106 were decreased while the expres-
sion of CD44 and CD90 were increased during culture from passage 3 to 10 (B). 
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The regeneration stops when the healing process is 
complete (L, 2008; López-Sáez JF1, 1998). As a result, 
the nutrition, living space, and oxygen at the area 
where cancer cells resided is restricted, leading to de-
creasing host cell numbers. This decrease in functional 
cell numbers in the host body causes impairment in 
the function of the organ, which eventually ceases to 
function. In this study, only the cancer stem cell trans-
planted area was severely deformed by the formation 
of large tumors, which was contrary to what was 
found in the ADSC transplanted area. Thus, it was 
shown that ADSCs have no impact on uncontrollable 
proliferation when transplanted into the host body, 
indicating that the ADSCs do not cause cancer.  

 

 
Figure 4. The microbiological test results. The microbiological 
contaminants test result showed that (A) the ADSC completely sterile; 
ADSC did not cause tumors in immunodeficient mice (B); however, ADSC 
expressed several 4T1 cell genes (C). 

 

To determine if injection of both ADSCs and 4T1 cells 
caused the death of the mice, we performed injection 
of only ADSCs and evaluated its lethal effect on mice. 
We also assessed the expression of several 4T1 cell 
genes and compared to them to those in ADSCs. The 
results showed that, although ADSCs expressed Na-
nog and Oct4 genes similar to 4T1 cells (Fig. 4D), 6 
months after ADSC transplantation, all the mice re-
mained healthy (Fig. 5). Oct4 is expressed in cancer 
stem cell like-cells, and together with Nanog, plays a 
vital role in tumor growth (Zhang J, 2010) and control 
of the cancer stem cell fate during cancer development 
0. However, these genes are also expressed in em-
bryonic stem cells, and are often used as a marker for 
the properties of cell self-renewal and pluripotency 
(Kondo, 2007)0. In this study, although cancer cell 
genes were expressed in ADSCs, no tumor formation 
or lethality in the mice was observed; therefore, Na-
nog and Oct4 expression should not be used as an in-

dicator to evaluate the carcinogenic properties of 
ADSCs. Thus, the survival and absence of tumor for-
mation in ADSC-transplanted mice for an extended 
period proved the complete safety of ADSC transplan-
tation in vivo. 

 

 
Figure 5. The survival percentage of mice after 6 months of 
ADSC injection. The results showed that 100% of mice were healthy, 
similar tocontrol group. 

 
 

CONCLUSION 
ADSCs strongly proliferate with a doubling time of 48 
± 2 h, during which time, the cell populations became 
increasingly homogeneous. ADSCs at passage 3 were 
positive for the markers CD34, CD44, CD90, and 
CD105, and were negative for hematopoietic markers 
CD14 and CD45. Expression of CD14, CD34, CD105, 
and CD106 in cells was decreased and expression of 
CD44 and CD90 cells was increased during in vitro 
culture. Moreover, ADSCs expressed some embryonic 
stem cell genes that are also present on cancer cells, 
such as Sox2 and Nanog. ADSCs were capable of dif-
ferentiation into adipocytes and osteoblasts. ADSCs 
isolated according to this process were not the cause 
of tumor formation and were non-lethal and com-
pletely sterile. 
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