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Purpose: Our previous study found that white adipose stem cells (W-ASCs) derived from 
abdominal and femoral sulcus white adipose stem cells (ASCs) have antiaging and age- 
related obesity effects. Whether interscapular brown adipose stem cells (B-ASCs) have the 
same effect has not been reported. The study objective was to compare the effects of ASCs 
from different tissues on aging and aging-related obesity.
Patients and Methods: C57BL/6J mice at 22 months of age were transplanted with either 
B-ASCs or W-ASCs from young mice at 2 months of age. Changes in body weight, 
biochemistry, cytokines, hormone secretion, cell senescence, lipid metabolism, and ASC 
function were assessed after transplanted 1 month.
Results: W-ASCs were superior to B-ASCs as aging and age-related obesity indicators, 
based on change in body weight, organ weight, antioxidant and anti-inflammatory activity, 
lipid metabolism, and liver and kidney function.
Conclusion: Difference in the tissue source was reflected by the heterogeneity of antiaging 
and age-related obesity effects of transplanted ASCs. Based on the study results, we 
recommend W-ASCs over B-ASCs in aging and age-related obesity applications.
Keywords: adipose-derived stromal/stem cells, different tissue sources, obesity, aging

Introduction
Obesity is a problem from birth throughout aging. Increased visceral fat is one of the 
changes that accompanies aging, and changes in the abundance and distribution of 
adipose tissue, and in endocrine signals with aging can have negative outcomes, such as 
chronic inflammation and chronic diseases including type 2 diabetes.1,2 Regardless of 
such developments, research on how aging and obesity interact is incomplete.

The two forms of mammalian fat are white adipose tissue (WAT) and brown 
adipose tissue (BAT).3 WAT stores excess energy as triglycerides (TGs) to maintain 
energy metabolism.4 BAT consumes energy and releases it as heat. BAT cells are 
small and contain many mitochondria; and, in experimental animal studies, BAT 
has been found to inhibit the development of obesity.3–5 Adipose stem cells (ASCs) 
are easily obtained from adult adipose tissue, have high proliferative activity, and 
ability to differentiate is second only to embryonic stem cells.6 The primary role of 
ASCs is to maintain adipocyte homeostasis by self-renewal and differentiation. In 
addition, it is also related to immunity and metabolism.7,8

The correlation between aging and obesity is obvious, and ASCs are closely related 
to obesity. To investigate the role of ASCs in aging and obesity, we followed the 
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changes in adipose stem cells isolated from WAT and BAT 
that occurred in a mouse model of aging The results indicated 
that the content of WAT was increased in old mice and the 
content of BAT was increased in young mice. The numbers of 
senescent cells and the rate of apoptosis of ASCs were 
significantly higher in old compared with young mice, and 
osteogenic and adipogenic differentiation capacity were 
decreased.9

Previous studies have reported the osteogenic differen-
tiation of ASCs in young mice9,10 and that the intravenous 
injection of fat-derived stem cells with autologous ASCs 
effectively regulated the blood and biochemical para-
meters, renal function, and antioxidant enzyme activity 
of elderly rats.10 In this study, intraperitoneal injection of 
white adipose stem cells (W-ASCs) in young mice reduced 
the gain in body weight observed in old mice, increased 
the levels of antioxidant enzymes such as superoxide dis-
mutase (SOD) and catalase (CAT), and decreased the 
levels of inflammatory factors such as tumor necrosis 
factor (TNF-α) and interleukin-6 (IL-6).11 The study 
objectives were to determine whether, as an energy- 
consuming and heat-producing tissue, brown fat stem 
cells (B-ASCs) could antagonize age-related obesity and 
improve age-related obesity, and what the differences exist 
between them and W-ASCs.

Materials and Methods
Animal Preparation and Transplantation
C57BL/6J mice were obtained from the Department of 
Experimental Animal Stem Cells of Guangxi Normal 
University (Guilin, China). The study procedures 
approved by, and followed the Guidelines of, the 
Animal Care and Use Committee of Guangxi Normal 
University. The animals were raised under specific 
pathogen-free conditions and all were maintained with 
a 12-hour light/dark cycle at 23 ± 2°C, and free access 
to water and a standardized 10% lipid diet. The young 
and old mouse models were established as previously 
described.11 The young mice were 2 months of age; the 
old mice were 22 months of age. W-ASCs and B-ASCs 
were obtained from young mice. Thirty old mice were 
randomly assigned to three groups of ten each, with 
intraperitoneal injection of 106 W-ASCs or B-ASCs in 
the experimental groups and phosphate buffer solution 
(Sangon Biotech, E607008) in the control group, and the 
time of transplantation was 1 month.

Isolation and Culture of W-ASCs and 
B-ASCs
The isolation and culture of W-ASCs and B-ASCs have been 
previously described.9 The mice were anesthetized, and WAT 
was removed from the groin and BAT from the scapula with 
sterile surgical scissors and forceps after washing with phos-
phate buffered saline. After digestion, DMEM/F12 (Fisher 
Scientific, 8,115,296) medium containing 10% fetal bovine 
serum (Fisher Scientific, 1,715,752) was added, after the tissue 
was passed through a 70 μm screen (BD Bioscience), the cells 
were centrifuged at 300 g for 5 min and the supernatant was 
discarded. The cells were washed twice with DMEM/F12 and 
centrifuged again at 300 g for 5 min. The supernatant was 
discarded, and the resulting matrix and vascular components 
were resuspended in DMEM/F12 medium containing 10% 
fetal bovine serum in cell-culture plates. The culture medium 
was changed after 36–48 hours, and the ASCs that had adhered 
to the plastic surface were cultured to 80% confluence. We 
examined the immunophenotyping (CD29+/CD44+/CD105+/ 
CD45–) of ASCs by flow cytometry, and Antibodies were from 
Thermo Fisher (Figure S1). The third generation of cells was 
used in the experimental procedures.

Proliferation and Differentiation of ASCs
The methods used to assay ASC proliferation and differentia-
tion have been previously described.11 ASC proliferation was 
assayed with a methylthiazol tetrazolium (MTT) method and 
colony formation. ASC osteogenic and adipogenic differentia-
tion were induced by culture in adipogenic and osteogenic 
media. Oil red (Solarbio, G1262) and alizarin (Solarbio, 
G8550 red were used to detect the formation of lipid droplets 
and calcium.

Assay of Cellular Senescence
ASCs from the transplantation and control groups were cul-
tured for three generations and transferred at 10,000 cells/well 
to 96-well plates. After 24 hours of culture, the cells that had 
adhered to the culture wells were fixed with paraformaldehyde 
and then stained following the manufacturer’s (Sigma, 
CS0030MSDS) instructions. The senescent cells were counted 
cells and reported as a percentage of the total cell population.

Serum Biochemical and Mitochondrial 
Assays
Serum biochemistry and mitochondrial membrane potential 
were assayed as previously described.11 Whole blood was 
collected from the eyelid and centrifuged at 12,000 rpm at 

https://doi.org/10.2147/DMSO.S334044                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 4536

Zhu et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=334044.docx
https://www.dovepress.com
https://www.dovepress.com


4°C for 15 min. The serum was collected and stored at −80°C. 
Serum TG, total cholesterol, high-density lipid (HDL) choles-
terol, low-density lipid (LDL) cholesterol, glucose (GLU), 
blood urea nitrogen (BUN), glutamic acid transaminase 
(ALT), glutamic acid transaminase (AST) and creatinine 
(CREA) were determined with an autoanalyzer (HITACHI- 
720). Serum SOD, catalase (CAT), sex hormone-binding glo-
bulin (SHBG), and thyroid stimulating hormone (TSH) were 
determined with enzyme-linked immunosorbent assay kits (R 
& D Systems). Mitochondrial membrane potential was mea-
sured with a mitochondrial dark red fluorescent probe follow-
ing the manufacturer’s instructions (Yeasen, 40743ES50).

Tissue Weight and Histology
After collecting blood, abdominal adipose tissue, liver, 
kidney, and spleen were removed and weighed. Liver 
tissue was fixed in neutral buffered formalin, processed, 
embedded in paraffin, sectioned, and stained with hema-
toxylin and eosin (Solarbio, G1120) or Oil Red 
O (Solarbio, G1262). Light microscopy and ImageJ ver-
sion 5.0 software were used to measure the size of adipo-
cytes and stored lipid droplets.11

Cytokine Analysis
A Luminex system (Millipore, Burlington, MA, USA) and 
mouse cytokine kits were used to assay tumor necrosis 
factor (TNF)-α, interleukin (IL)-1β, IL-6, chemokine 
ligand 2 (CCL2), C-X-C motif chemokine ligand 12 
(CXCL12), epidermal growth factor (EGF), vascular 
endothelial growth factor (VEGF), fibroblast growth factor 
(FGF), and leptin (LEP). The samples were assayed in 
duplicate.7

Labeled ASCs
ASCs were labeled with 4ʹ, 6-diamidine-2-phenyl indole 
(DAPI) and observed by blue fluorescence microscopy. 
Labeled cells were then transplanted into aging mice by 
intraperitoneal injection. Seven days later, abdominal fat 
was removed, embedded in optimal cutting temperature 
compound, and frozen sections were observed by light 
microscopy.

Statistical Analysis
Results were reported as means and standard deviation and 
P-values < 0.05 was considered statistically significant. 
Data were analyzed using GraphPad Prism 9.0 for t- tests 
or two-way analysis of variance.

Results
Changes in Body Weight, Visceral Fat 
Weight, Abdominal Fat Weight, and ASC 
Homing
Body fat, especially visceral fat, increases during 
aging.12,13 B-ASCs and W-ASCs from young mice were 
transplanted into naturally aging mice. The same volume 
of phosphate buffered saline was transplanted into the 
control group. The weight changes of that occurred in 
the aging mice within 4 weeks after injection are shown 
in (Figure 1A). The weight of mice transplanted with 
ASCs decreased in the first 2 weeks; the weight of mice 
in the control group increased. The weight of mice in the 
transplant groups increased in the last 2 weeks, but the rate 
of weight gain was lower than that of the control group. 
After 4 weeks, the mean weight in the W-ASC transplan-
tation group (25.2 ± 0.6 g) was 18.7% less than that of the 
control group (31.0 ± 1.0 g). The mean weight in the 
B-ASC transplantation group (27.4 ± 0.4 g) was 11.5% 
lower that of the control group. There were no differences 
in food intake between the control group and the trans-
plantation groups (Figure 1B).

To explain the changes that occurred, we observed the 
DAPI-labeled ASCs 7 days after transplantation of into 
aging mice in frozen sections of abdominal fat 
(Figure 1C). We also weighed the internal organs and 
abdominal fat in each group (Figure 1D and E). 
Compared with the control group (0.26 ± 0.24 g), the 
weight of the spleen in the aging mice had decreased by 
50.00% after B-ASC transplantation (0.13 ± 0.3 g) and by 
69.2% after W-ASC transplantation. Transplantation of 
B-ASCs had no significant effects on the weight of the 
kidneys or livers of naturally aging mice. The kidney 
weight decreased by 43.86% and the liver weight 
decreased by 33.91% (P < 0.001) after W-ASC transplan-
tation compared with the control group. Compared with 
the control group, the weight of the abdominal fat weight 
was reduced by 28.95% after transplantation of B-ASCs 
and by 52.63% after transplantation of W-ASCs 
(P < 0.01).

Effects of B-ASCs and W-ASCs on Lipid 
Metabolism
To investigate the effects of ASC transplantation on lipid 
metabolism during aging, we measured the size of the lipid 
droplets in abdominal fat, mitochondrial activity, and serum 
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Figure 1 Weight-related changes and transplantation of labeled B-ASCs and W-ASCs. (A) Body weight. (B) Daily food intake. (C) Labeled ASCs (100×). (D) Visceral fat 
weight. (E) Abdominal fat weight. Data are from four independent experiments (n = 10) and reported as means ± standard deviation. Statistical analysis was conducted with 
GraphPad Prism 9 software.**P < 0.01; ****P < 0.0001.

https://doi.org/10.2147/DMSO.S334044                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 4538

Zhu et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


lipid levels. Hematoxylin and eosin staining of paraffin- 
embedded sections of abdominal fat showed that the dia-
meter of fat droplets in adipose cells was significantly smaller 
in aging mice after B-ASC and W-ASC transplantation than 
in the control group (Figure 2A). The fat droplet area was 
measured by Image J (Figure 2B); the differences significant 
(P < 0.05 for B-ASCs and P < 0.001 for W-ASCs). Both 
B-ASC and W-ASC transplantation significantly increased 
the TG level of aging mice (P < 0.05), and decreased GLU 
and HDL cholesterol (both P < 0.0001). There was no sig-
nificant effect on total cholesterol and LDL cholesterol 
(Figure 2C). There was thus no overall difference in the 
effects of B-ASC and W-ASC transplantation on the blood 
lipid levels of naturally aging mice. ASC transplantation 
enhanced mitochondrial activity, and the effect of B-ASC 
transplantation was stronger than that of W-ASCs 
(Figure 2D).

Effects of B-ASC and W-ASC 
Transplantation on Aging Markers
The effects of ASC transplantation were evaluated by age- 
related oxidative stress, enzyme activity, and cellular 
senescence. Compared with the control group, SOD and 
CAT levels were increased by B-ASC and W-ASC trans-
plantation. The differences in SOD level were significant 
for both types of ASCs (P < 0.001), but the difference in 
CAT levels was significant for only W-ASCs (P < 0.01). 
Sex hormone-binding globulin (SHBG) and TSH were 
both increased by ASC transplantation, but the difference 
was significant only for W-ASCs (P < 0.01 and P < 0.05, 
respectively, Figure 3A). The β-galactosidase cell counts 
in the B-ASC (P < 0.01) and the W-ASC (P < 0.001) 
transplantation groups were significantly lower than the 
count in the control group (Figure 3B). In general, ASC 
transplantation reversed some of the aging criteria, and the 
W-ASCs had a greater effect than the B-ASCs.

Effects of B-ASC and W-ASC 
Transplantation on Serum Cytokines
Aging is usually accompanied by chronic systemic 
inflammation.14 The influence of ASCs on the extent of 
inflammation in naturally aging mice was evaluated by the 
levels of some serum cytokines (Figure 4). Compared with 
the control group, TNF-α was 48.41% lower in B-ASC 
transplantation group and 52.64% in the W-ASC group (P 
< 0.05). The corresponding differences in IL-6 level were 
62.83% and 84.86%, respectively, but neither were 

significant. LEP was significantly increased in the 
W-ASC group (P < 0.001) and VEGF was significantly 
decreased (P < 0.05) compared with the control group. 
The differences in LEP and VEGF levels between the 
B-ASC group and the control group were not significant. 
Differences between IL-1β, CCL12, CXCL12, EGF, and 
FGF in the control and ASC transplantation groups were 
not significant.

Effects of B-ASCs and W-ASCs on the 
Plasticity of Abdominal ASCs in Naturally 
Aging Mice
The relationships between abdominal fat loss and changes 
in abdominal-ASC function were investigated in ASCs 
isolated from abdominal fat. ASC proliferation was eval-
uated by an MTT assay and colony formation. The results 
(Figure 5A and B) showed that there were no differences 
between the control and the transplantation groups. The 
effects on osteogenic and adipogenic differentiation are 
shown in Figure 5C and D. W-ASCs significantly 
enhanced osteogenic differentiation of abdominal ASCs 
(P < 0.05); the effect of B-ASCs was not significant. 
Compared with the control group, both B-ASCs and 
W-ASCs significantly reduced adipogenic differentiation 
by abdominal ASCs in naturally aging mice (P < 0.01 and 
P < 0.001, respectively).

Effects of B-ASCs and W-ASCs on Liver 
and Kidney Function of Naturally Aging 
Mice
The effects of ASC transplantation on liver function were 
evaluated by ALT and AST levels (Figure 6A). Compared 
with the control group, ALT decreased in both transplanta-
tion groups, but the differences were not significant The 
reduction in AST was significant in both the B-ASC (P < 
0.001) and W-ASC groups (P < 0.01). The effects of ASC 
transplantation on renal function were measured by CREA 
and BUN levels (Figure 6B). Compared with the control 
group, CREA was significantly reduced in both the B-ASC 
(P < 0.05) and the W-ASC (P < 0.001) groups; the differ-
ences in BUN levels were not significant. Liver lipid 
accumulation was evaluated by histological staining 
(Figure 6C and D). Accumulation of lipid and lipid dro-
plets was significantly reduced in both transplantation 
groups. The results indicate that ASC transplantation did 
not damage liver and kidney function, and improved liver 
and kidney function of aging mice to a certain extent.
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Figure 2 Effect of B-ASC and W-ASC transplantation on lipid metabolism. (A) Hematoxylin and eosin staining of paraffin-embedded abdominal adipose tissue. (B) The size 
of fat droplets in abdominal adipose tissue. (C) Blood lipid levels. (D) Mitochondrial activity in abdominal adipocytes. Data are from four independent experiments (n = 5) 
and reported as means ± standard deviation. Statistical analysis was conducted with GraphPad Prism 9 software. *P < 0.05; ***P < 0.001.
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Discussion
Our previous studies found that ASCs derived from ingu-
inal white fat had the effect of resisting age-related obesity 
and improved age-related characteristics.11 The evidence 
supported the potential effectiveness of ASC transplanta-
tion for the treatment of aging and aging-related obesity. 
However, cells isolated from different sources and in dif-
ferent physiological states are likely to produce different 
therapeutic effects.15,16 Previous studies have shown that 
CRISPR-engineered human brown fat cells were able to 
prevent diet-induced obesity and improve metabolic syn-
drome in mice,17 but the effect of B-ASCs on aging and 
age-related obesity is not clear. Therefore, we compared 
the effects of inguinal W-ASCs from scapular B- ASCs 
from the scapula in the treatment of aging and age-related 
obesity. Both B-ASCs and W-ASCs had an effect on the 
reversal of age-related obesity and improvement of age- 

related characteristics, but the overall effects of B-ASCs 
were not as good as those of W-ASCs.

Both B-ASCs and W-ASCs reversed the increase in body 
weight of aging mice, which may be explained by decreases 
in abdominal fat content and abdominal organ weight. 
B-ASCs and W-ASCs reduced the abdominal fat weight of 
aging mice, and W-ASC but not B-ASC transplantation sig-
nificantly reduced the spleen and liver weights. The differ-
ence might have been related to differences in the reduction 
of inflammation mediated by B-ASCs and W-ASCs. The 
weight of both the spleen and liver increase with age,18–20 

and B-ASCs had less of an effect on age-related inflamma-
tion than that W-ASCs did. The serum cytokine results were 
consistent with the effects on inflammation, but the reasons 
need further investigation. We confirmed that the observed 
changes were not caused by differences in the amount of food 
intake; there were no differences in food intake among the 

Figure 3 Antiaging effects of B-ASC and W-ASC transplantation. (A) Serum levels of superoxide dismutase (SOD), catalase (CAT), sex hormone-binding globulin (SHBG), 
and thyroid stimulating hormone (TSH). (B) Senescence-associated beta-galactosidase staining of ASCs from all study groups. Data are from four independent experiments 
(n = 7) and reported as means ± standard deviation. Statistical analysis was conducted with GraphPad Prism 9 software. *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 4 Serum cytokine concentrations. Data are mean ± standard deviation (n = 8). Statistical analysis was conducted with GraphPad Prism 9. *P < 0.05; ***P < 0.001.
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groups. In addition, labeled B-ASCs and W-ASCs were 
found in abdominal fat tissue, which shows that the homing 
of transplanted ASCs to abdominal fat tissue played a role; 
reduction of abdominal fat weight and differentiation of 
abdominal ASCs also reflects this point.

Increased oxidative stress is an aging characteristic of 
aging, and oxidative damage accelerates the occurrence of 
some age-related diseases. High levels of oxidative stress can 
also accelerate the aging of mesenchymal stem cells and 
reduce their ability to differentiate into osteoblastic cells.21,22 

B-ASC and W-ASC transplantation reduced oxidative stress in 
aging mice, which also explained the increase in the number of 
abdominal ASCs with aging and osteogenic differentiation 
capacity in the transplantation groups, but the improvement 
in oxidative stress in aging mice was less with B-ASCs than 
with W-ASCs. Decreases of SHBG and TSH also occur during 
aging, and decreases may aggravate age-related diseases.23,24 

B-ASC and W-ASC transplantation were both followed by 
increases levels of TSH and SHBG, but the increase associated 
with B-ASCs was smaller than that following W-ASC 

Figure 5 Effects of B-ASC and W-ASC transplantation on the plasticity of abdominal ASCs. (A) MTT assay of cell proliferation. (B) Colony count. (C) Osteogenic 
differentiation. (D) Adipogenic differentiation. Data are means ± standard deviation (n = 5). Statistical analysis was conducted with GraphPad Prism 9. *P < 0.05; **P < 0.01; 
and ***P < 0.001.
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transplantation. Both B-ASCs and W-ASCs significantly 
reduced blood glucose levels in aging mice, which may have 
been related to enhanced mitochondrial activity in adipose 
tissue and reduced insulin resistance.25 LEP levels were sig-
nificantly increased by W-ASC but not by B-ASCs, suggesting 
changes in TSH because leptin and TSH are correlated.26

Our study found that B-ASCs and W-ASCs have antiaging 
and antiobesity effects, and that transplantation of B-ASCs and 
W-ASCs did not cause liver or kidney damage in the aging 
mice. Liver and kidney function were improved to a certain 
extent, which is consistent with other studies.27 Briefly, ASC 
isolated from different tissues had heterogeneous antiaging and 

Figure 6 Effects of B-ASC and W-ASC transplantation on liver and kidney function. (A) ALT and AST levels. (B) CREA and BUN levels. (C) Liver tissue, hematoxylin and 
eosin staining of paraffin sections. (D) Frozen sections of liver tissue, Oil Red O staining. Data are means ± standard deviation (n = 5). Statistical analysis was conducted with 
GraphPad Prism 9. *P < 0.05; **P < 0.01; and ***P < 0.001.
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antiobesity effects, but the causes of such differences are not 
clear. Theoretically, because of brown fat thermogenesis, 
ASCs derived from brown fat would have better antiobesity 
effects, but we did not observe that. The superior antiaging and 
obesity-resistance effects of W-ASCs may have resulted from 
their anti-inflammatory and antioxidant effects, and their 
effects on hormone secretion, but data to support that view 
are lacking.

Conclusion
This study compared the effects of ASCs derived from white 
and brown adipose tissue on aging and age-related obesity in 
a mouse model. The effect of inguinal W-ASCs on body 
weight, age-related changes in enzymes, hormones, and 
inflammatory factors was better than that of scapular 
B-ASCs. Differences in the tissue of origin were reflected by 
the heterogeneity of the responses to ASCs in aging and age- 
related obesity. The study provides a theoretical basis for the 
future clinical use of ASCs in aging and aging-related obesity.
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