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Abstract. Primary adipose-derived stem cells (ADSCs) are 
a mixture of cell types including preadipocytes having the 
ability to spontaneously differentiate into adipocytes. The 
aim of the present study was to compare the spontaneous 
adipogenic differentiation potential of ADSCs at different 
passages to determine whether it decreased with continuous 
cell passages. Mouse ADSCs (mADSCs) were harvested and 
cells from passages 1 to 5 were used for experiments. The 
proliferation of mADSCs at different passages was tested using 
the cell counting kit-8 assay. Reverse transcription-quantitative 
polymerase chain reaction was used to determine relative 
mRNA expression levels of CCAAT/enhancer binding protein α 
(Cebpa and C/EBPα) and peroxisome proliferator-activated 
receptor γ (Pparg and PPARγ), and western blot analysis was 
used to investigate C/EBPα and PPARγ protein expression. 
The cells were cultured using DMEM. The fixed cells were 
then stained using Oil Red O on days 14 and 28, and the 
obtained extracted dye was monitored for absorbance. The 
510 nm absorbance from passages 1 to 5 was observed to be 
statistically different. The relative expression levels of Cebpa 
and Pparg for mADSCs from passage 1 were significantly 
higher when compared with those for mADSCs from 
passages 2 to 5 on days 3, 5 and 7. However, no difference 
was identified in the expression levels of proteins C/EBPα and 
PPARγ for different passages. Although the mRNA expression 
levels of Pparg from passages 4 to 5 were significantly higher 
when compared with those from passage 1, the results of Oil 
Red O absorbance, mRNA expression levels of Cebpa, and 
the protein expression levels of C/EBPα and PPARγ exhibited 
no difference between mADSCs from passages 1 to 5 when 
cultured with induced adipogenic differentiation medium. 
Therefore, it was concluded that the spontaneous adipogenic 

differentiation potential of ADSCs decreased with continuous 
cell passages.

Introduction

Adipose-derived stem cells (ADSCs) can differentiate into 
a variety of cell types, including adipocytes, osteoblasts, 
chondrocytes and myocytes (1,2). They are widely used 
in regenerative medicine (3-7). The primary ADSCs from 
adipose tissue are a mixture of cell types, including preadi-
pocytes, having the ability to spontaneously differentiate into 
adipocytes (1,2). The spontaneous potential of preadipocytes 
to differentiate into adipocytes may compromise the prolifera-
tion and/or differentiation potential of ADSCs (8,9), especially 
in chondrogenic or osteogenic differentiation. The influence of 
spontaneous adipogenic differentiation should be minimized 
in chondrogenic or osteogenic regeneration, but it does not 
seem to be harmful in adipogenic regenerative medicine. Thus, 
understanding how the potential of spontaneous adipogenic 
differentiation of ADSCs changes may be worthy of tissue 
regeneration.

The heterogeneity of cultured ADSCs is reduced quickly by 
continuous cell passages (8,10-12). Whether the spontaneous 
adipogenic differentiation is affected by increasing number of 
cell passages is not clear so far. The spontaneous adipogenic 
differentiation of ADSCs was assumed to decrease when the 
cells were passaged serially. ADSCs from passages 3 and 4 
were reported to be used in regenerative medicine (13-15). 
Krähenbühl et al (16) reported that cell morphology changed 
and growth slowed down when extended to passages 6 and 
beyond. Therefore, ADSCs from passages 1 to 5 was explored 
in this study to observe the change in spontaneous adipogenic 
differentiation for cells from different passages.

The induced adipogenic potential of ADSCs was reported 
to decrease with increasing passage number (17). Therefore, 
the induced adipogenic differentiation potentials at different 
passages were also studied and compared in the present study.

Peroxisome proliferator-activated receptor γ (PPARγ) and 
CCAAT/enhancer-binding protein α (C/EBPα) have been 
demonstrated to be vital in adipocyte differentiation and these 
two transcription factors cooperate on multiple binding sites in 
promoter regions and regulate a wide range of genes expressed 
in developing and mature adipocytes (18). This study observed 
Cebpa and Pparg as adipocyte marker genes in evaluating the 
spontaneous and induced adipogenic differentiation of ADSCs 
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and explored its potential to evaluate the feasibility of ADSCs 
from passages 1 to 5 and facilitate the selection of optimal cell 
passage for regenerating different tissues.

Materials and methods

Chemicals, antibodies and dyes. 3-Isobutyl-1-methylxanthine 
(IBMX), dexamethasone, indomethacin, insulin and Oil Red O 
were purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, 
Germany). Rabbit anti-Pparγ and anti-CEBPα antibodies were 
procured from Abcam (Cambridge, MA, USA).

Isolation and culture of mouse ADSCs. All C57BL/6 mice aged 
7-10 days, purchased from Weitong-Lihua Laboratory (Beijing, 
China), were age- and sex-matched for each experiment. 
All animal experiments were approved by the Institutional 
Animal Care and Use Committee of Beijing Shijitan Hospital 
of Capital Medical University, Beijing, China (no. 2017-KL16).

Mouse ADSCs (mADSCs) were isolated and cultured 
as described in a previous study (19). In brief, the subcuta-
neous adipose tissue of C57BL/6 mice was cut into small 
pieces and digested with collagenase I in phosphate-buffered 
saline (PBS) for 1 h at 37˚C. The cells were then washed and 
filtered through a 70‑µm cell strainer, resulting in a single-cell 
suspension. Isolated cells were then seeded at a density of 
3-4x104 cells/cm2 in a culture vessel containing low-glucose 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS) (both from Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1% 
antibiotic-antimycotic solution (Invitrogen; Thermo Fisher 
Scientific, Inc.), which favored the attachment and growth of 
fibroblastic cells (20). The attached cells were washed and 
replenished using a fresh medium every 48 h to discard unat-
tached dead cells or immune cells, and by days 3-5, >90% cells 
displayed typical fibroblastic morphology. These adherent 
cells were named primary ADSCs (P0). Cell passaging was 
performed using a 0.25% trypsin solution (Sigma-Aldrich) 
every 3‑5 days when the attached cells reached 80‑90% conflu-
ence and cells were seeded at 3x104 cells/cm2 per passage for 
a total of 5 passages.

For induced adipogenic differentiation, one-day post-
confluence cells were switched to adipogenic differentiation 
medium [DMEM with FBS (10%), 0.5 mM IBMX, 1 µM 
dexamethasone, 10 µM insulin, 200 µM indomethacin, and 1% 
antibiotic/antimycotic] to induce differentiation as described 
in a previous study (21). The cells were collected at indicated 
time points for RNA and protein extraction.

Oil Red O staining. The cells were harvested on the induc-
tion day according to the experimental design. They were 
rinsed with PBS twice and fixed with 4% polyoxymethylene in 
PBS (w/v) for 30 min at room temperature. Oil Red O (0.5 g; 
Amresco, LLC, Solon, OH, USA) was dissolved in isopropanol 
(100 ml, w/v), diluted with water (6:4, v/v), and filtered. The 
fixed cells were then stained with the filtered Oil Red O solu-
tion for 1 h at room temperature and exhaustively rinsed with 
water. Excess water was evaporated by placing the stained 
cultures at a temperature of 25‑30˚C. Then, 0.8 ml of isopropyl 
alcohol was added to the stained culture dish. The extracted 
dye was immediately removed by gentle pipetting, and its 

absorbance monitored spectrophotometrically at 510 nm as 
described in a previous study (22).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total cellular RNA was extracted using the 
RNAeasy reagent (Qiagen GmbH, Hilden, Germany), and 
500 ng of RNA was reverse transcribed to cDNA using a 
cDNA synthesis kit (ComWin, Beijing, China). qPCR was 
performed using the QuantStudio 6 Flex 96 real-time system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.) using 
SYBR-Green Mix (ComWin). All the primers used with 
SYBR-Green were designed to span at least one exon to 
minimize the possibility of nonspecific amplification from the 
genomic DNA. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) gene was used as a housekeeping gene to normalize 
data. Specific primer sequences were used as described in a 
previous study (19) and are shown in Table I.

Western blot analysis. The total protein was extracted from 
harvested cells using radioimmune precipitation assay buffer 
supplemented with 1% phenylmethanesulfonyl f luoride 
(Applygen, Beijing, China), and the concentration was quan-
tified using a Bicinchoninic Acid protein assay kit (Thermo 
Fisher Scientific Inc.). Then, 40 µg of the extracted protein 
was subjected to sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (Applygen), transferred onto a nitrocellulose 
membrane, blocked with 0.5% skimmed milk overnight, 
washed with Tris-buffered saline with Tween-20 buffer, 
and incubated with primary antibodies (anti-C/EBPα, 
anti-PPARγ and anti-GAPDH at a dilution of 1:1,000; Abcam, 
Cambridge, UK) for 18 h at 4˚C. Then, the membranes were 
washed and incubated with 1:10,000 diluted goat anti-rabbit 
immunoglobulin G H&L conjugated with Alexa Fluor 
(Abcam). The signals were detected using Odyssey CLx 
(LI-COR Bioscience, Lincoln, NE, USA). Western blot data 
were quantified using the ImageJ version 1.38 software 
(HYPERLINK https://imagej.nih.gov/ij/). The ratio of target 
protein/GAPDH indicated the relative expression of target 
protein.

Cell counting kit‑8 assay (CCK‑8). The proliferation of 
mADSCs at different passages in vitro was tested via measuring 
the number of living cells using the CCK-8 (Dojindo, Tokyo, 
Japan) according to the manufacturer's instruction. Briefly, 
mADSCs were seeded in 96-well plates (2,000 cells/well). 
After 2 h (named day 0 in the CCK-8 assay in this study), 
24, 48, 72, 96 and 120 h, the cells were incubated with the 
CCK8 solution for 4 h at 37˚C until the optical density values 
at 450 nm (OD450) were read using a microplate reader. The 
experiments were repeated three times.

Statistical analysis. Experiments were repeated at least 
three times with similar results. Graph data represented the 
mean ± standard error calculated from independent experi-
ments. Statistical significance was performed with SPSS 20.0 
(IBM Corp., Armonk, NY, USA) using the one-way analysis of 
variance (ANOVA) followed by the Bonferroni post hoc test, 
if it was necessary. The results were analyzed and graphs built 
using GraphPad Prism version 5.02 (GraphPad Software, Inc., 
La Jolla, CA, USA).
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Results

Proliferation of mADSCs at different passages in vitro. It was 
reported that ADSCs became senescent, and their prolifera-
tion and differentiation potentials reduced after the cells were 
passaged multiple times (23,24). Therefore, the proliferation 
potential of cells from passages 1 to 5 was investigated. The 
proliferation of mADSCs at different passages in vitro was 
evaluated using the CCK-8 assay. Fig. 1 represents the results. 
The proliferation curves of mADSCs at different passages 
were similar from day 0 to 5. Also, no difference was found 
in the 450-nm absorbance on days 0 to 5 between mADSCs 
at different passages. The results suggested that several cell 
passages had no significant effect on the proliferation of 
mADSCs.

Spontaneous adipogenic differentiation potential of mADSCs 
at different passages in vitro. Preadipocytes in the primary 
ADSCs tended to undergo adipogenic differentiation sponta-
neously (1,2). Also, the heterogeneity of ADSCs reduced with 
cell passages (11). The spontaneous adipogenic differentiation 
potential of mADSCs at different passages was observed to 
find out whether it decreased with increasing cell passages.

Spontaneous adipogenic differentiation potential of 
mADSCs at different passages in vitro was examined by 
staining with Oil Red O, and the relative expression levels 
of Cebpa and Pparg were determined using real-time PCR 
and western blot analysis. The mADSCs at different passages 
were seeded at a density of 3x104 cells/cm2 in a culture vessel 
containing DMEM with 10% serum and antibiotics. The 
timing of the experiment was recorded as day 0 one-day after 
confluence. Then, the cells were washed and replenished using 
a fresh medium every 48 h. Without treatment with adipogenic 
differentiation medium and without further passaging, the cells 
were collected on days 0, 3, 5 and 7 for RNA extraction and 
collected on day 7 for protein extraction. The cells were stained 
with Oil Red O on days 14 and 28 (Fig. 2A), and the absorbance 
was monitored at 510 nm. Without induced adipogenic differ-
entiation, the spontaneous adipogenic potential of mADSCs 
at different passages was different in vitro. The absorbance of 
extracted dye after staining with Oil Red O on days 14 and 28 
was statistically different (Fig. 2B). The 510-nm absorbance 
obtained for mADSCs from passage 1 was higher than that 

for mADSCs from passages 2 to 5. However, no difference in 
absorbance was found between mADSCs from passages 2 to 5 
on days 14 and 28. The relative expression levels of Cebpa and 
Pparg from different passages were undifferentiated on day 0, 
but the expression levels of these both genes from passage 1 
were significantly higher compared with those of mADSCs 
from passages 2 to 5 on days 3, 5 and 7 (Fig. 2C). However, 
no difference in the expression levels of C/EBPα and PPARγ 
proteins was observed between mADSCs from passages 1 to 
5 on day 7 (Fig. 2D).

Therefore, mADSCs had the potential to undergo 
spontaneous adipogenic differentiation, and the adipogenic 
differentiation potential decreased quickly with several cell 
passages. Then, the induced adipogenic differentiation poten-
tial of mADSCs at different passages (cells cultured with 
adipogenic differentiation medium) was compared to know 
whether this induced differentiation was also affected by the 
number of cell passages.

Induced adipogenic differentiation of mADSCs at different 
passages in vitro. The mADSCs were cultured with 
adipogenic differentiation medium to detect whether the 
adipogenesis of mADSCs at different passages under induced 
adipogenic differentiation was discrepant. The timing of the 
experiment was recorded as day 0 one day after the conflu-
ence, then cells were switched to adipogenic differentiation 
medium. The mRNA expression levels of Cebpa and Pparg 
were analyzed on days 0, 3, 5 and 7. The cells were collected 
for detecting the protein expression levels of C/EBPα and 
PPARγ on day 7, and the extracted dye was monitored after 
staining with Oil Red O on days 7 and 14. The real-time PCR 
analysis showed that the mRNA expression levels of Pparg 
for mADSCs from passages 3 to 5 were significantly higher 
than those for mADSCs from passage 1 on days 3, 5 and 7. 
However, no difference in the expression level of Cebpa was 
observed between mADSCs at different passages on days 3, 5 
and 7 (Fig. 3C). The results of Oil Red O absorbance showed 
no difference between cells from passages 1 to 5 on days 7 and 
14 under induced adipogenic differentiation (Fig. 3A and B). 
Also, western blot analysis showed no difference in the protein 

Table I. List of primers used for reverse transcription-quantitative 
polymerase chain reaction.

Gene Strand Primer sequence (5'-3')

Cebpa Forward CAAGAACAGCAACGAGTACCG
 Reverse GTCACTGGTCAACTCCAGCAC
Pparγ Forward TCGCTGATGCACTGCCTATG
 Reverse GAGAGGTCCACAGAGCTGATT
GAPDH Forward AACTTTGGCATTGTGGAAGG
 Reverse ACACATTGGGGGTAGGAACA

Cebpa, CCAAT/enhancer binding protein α; Pparγ, peroxisome 
proliferator-activated receptor γ.

Figure 1. Proliferation of mADSCs at different passages in vitro. The prolif-
eration of mADSCs at different passages in vitro was evaluated using the cell 
counting kit-8 assay. The proliferation curves were similar from days 0 to 5. 
No difference in 450 nm absorbance was observed between mADSCs at 
different passages. Data were obtained from independent triplicate experi-
ments, and are presented as the mean ± standard error mean. P, passage; 
mADSCs, mouse adipose-derived stem cells.
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Figure 2. Spontaneous adipogenic differentiation potential of mADSCs at different passages in vitro. (A) Oil Red O staining of mADSCs on days 14 and 28 
without induced adipogenic differentiation. Scale bars, 100 µm; magnification, x100. The arrows indicate the lipids present in adipocytes (red staining). (B) The 
absorbance of extracted dye from mADSCs at different passages following staining with Oil Red O on days 14 and 28. (C) Without adipogenic differentiation, 
the relative expression levels of Cebpa and Pparγ from mADSCs at different passages were detected on days 0, 3, 5 and 7. Expression levels of these 2 genes 
from P1 were significantly higher when compared with those from P2 to 5 on days 3, 5 and 7. (D) Expression of C/EBPα and PPARγ proteins was detected on 
day 7 using western blot analysis. No difference was identified in the protein expression levels of mADSCs at different passages. Experiments were repeated at 
least 3 times with similar results. Data are presented as the mean ± standard error of mean. *P<0.05, **P<0.01 and ***P<0.001, as indicated. P, passage; mADSCs, 
mouse adipose-derived stem cells; Cebpa and C/EBPα, CCAAT/enhancer binding protein α; PPARγ and Pparg, peroxisome proliferator-activated receptor γ.
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Figure 3. Adipogenic differentiation of mADSCs at different passages in vitro. (A) mADSCs cultured with adipogenic differentiation medium on days 7 and 14. 
Lipid production was shown using Oil Red O staining. Scale bars, 100 µm; magnification, x100. (B) Absorbance of extracted dye following mADSCs were 
stained with Oil Red O; the absorbance of extracted dye from mADSCs at different passages was undifferentiated on days 7 and 14. (C) Cultured with 
adipogenic differentiation medium, the relative expression levels of Cebpa and Pparg from mADSCs at different passages were detected on days 0, 3, 5 and 7. 
(D) Western blot analysis revealed the expression levels of C/EBPa and PPARγ proteins under induced adipogenic differentiation on day 7. Experiments were 
repeated at least three times with similar results. Data are presented as the mean ± standard error of mean. **P<0.01 and ***P<0.001, as indicated. P, passage; 
mADSCs, mouse adipose-derived stem cells; Cebpa and C/EBPα, CCAAT/enhancer binding protein α; PPARγ and Pparg, peroxisome proliferator-activated 
receptor γ.
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expression levels of C/EBPα and PPARγ between mADSCs at 
different passages on day 7 (Fig. 3D).

Hence, the induced adipogenic differentiation potential was 
not significantly different between mADSCs from passages 1 
to 5 (except the expression levels of Pparγ). Thus, the induced 
adipogenic differentiation was not affected significantly by 
limited continuous cell passages.

Discussion

Generally, ADSCs are isolated in pools that contain a mixture 
of cell types including mesenchymal stem cells and other types 
of cells such as preadipocytes (2). Preadipocytes, which are 
the specific precursor cells, have the potential for spontaneous 
adipogenic differentiation. For more effective use of ADSCs, 
how the adipogenic differentiation of ADSCs is influenced 
by preadipocytes needs to be understood and the influence of 
spontaneous adipogenic differentiation needs to be minimized 
when ADSCs are used in regenerative medicine.

The content of preadipocytes is less in the primary ADSCs 
‘mix’ (23,25,26) and preadipocytes share several cell markers 
with the primary adipose derived stem cells, like Lin-, CD29+, 
CD34+, Sca-1+, and CD45- CD31- (23,25), making it difficult 
to screen for preadipocytes alone from the primary ADSC 
‘mix’ using fluorescence‑activated cell sorting. In the clinical 
practice of regenerative medicine, generally, the ADSCs was 
used and observed as a whole (3-6). For these reasons above, 
in this study, the primary ADSC ‘mix’ was observed as a 
whole instead of screening for preadipocytes. The potential 
of spontaneous adipogenic differentiation of ADSC ‘mix’ was 
investigated in this study.

Culturing with increasing cell passages was found to 
reduce the heterogeneity of ADSCs (11). Studies indicated that 
continuous cell passages reduced the number of cells with a 
CD34+ surface marker, which differentiated into adipocytes 
more efficiently (25,27). However, whether spontaneous adipo-
genic differentiation of ADSCs would decrease with serial cell 
passages is not yet clear.

In this study, the spontaneous and induced adipogenic 
differentiation potentials of mADSCs at different passages 
were explored in vitro. ADSCs were found to differentiate 
into adipocytes spontaneously, and the ability of spontaneous 
differentiation decreased quickly with the increase in the 
number of cell passages.

The ability of spontaneous adipogenic differentiation 
can have clinical implications, which may be beneficial or 
damaging (8,28). For chondrogenic or osteogenic regeneration, 
the spontaneous adipogenic differentiation of ADSCs should 
be minimized as possible. Adipogenic, chondrogenic, and 
osteogenic differentiation was observed in passage 3 in many 
studies (29-34). The results of the present study indicated that 
the impact of spontaneous adipogenic differentiation reduced 
sufficiently after passage 3, and the cells passaged more than 
three times were probably suitable for chondrogenic and 
osteogenic regeneration. For adipogenic regeneration, the 
early passages of ADSCs may be more suitable.

The adipogenic differentiation potential was correlated 
with the number of mesenchymal stem cells in the ADSC 
‘mix’. No significant difference was found between the adipo-
genic differentiation potential of cells from passages 1 to 5, 

suggesting that the adipogenic differentiation of mesenchymal 
stem cells was not affected by continuous cell passages. 
Liu et al (17) reported that the adipogenic potential of ADSCs 
decreased and the osteogenic differentiation increased when 
the cells were passaged more than 12 times. In this study, 
the adipogenic differentiation potential was not significantly 
different between cells from passages 1 to 5 (except the expres-
sion levels of Pparg) suggesting that the adipogenic potential 
of ADSCs was not affected by limited cell passages.

ADSCs from passages 3 and 4 were reported to be used 
in regenerative medicine (13-15). The results of this study 
also indicated no significant difference in spontaneous and 
induced adipogenic differentiation potential between cells of 
passages 3 and 4. It suggested similar differentiation results 
in adipogenic regeneration when using cells from passages 3 
and 4. Whether the potential of chondrogenic and osteogenic 
differentiation from cells of passages 3 and 4 is different needs 
a follow-up study.

This study also analyzed the proliferation of mADSCs at 
different passages. No difference in proliferation was observed 
between cells from passages 1 to 5. Kim et al (35) reported that 
long-term culture and cell passages of ADSCs could impair the 
activity of cells and provoke cellular senescence, leading to low 
efficacy in vivo. The results indicated that several cell passages 
had no significant effect on the proliferation of mADSCs.

In conclusion, the present study showed that mADSCs 
could undergo adipogenic differentiation spontaneously, and 
the differentiation potential decreased with continuous cell 
passages. The induced adipogenic differentiation was not 
affected significantly by cell passages. The proliferation was 
not affected by limited cell passages.
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