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ABSTRACT

Adipose-derived stem cells (ASCs) can be used to repair soft tissue defects, 
wounds, burns, and scars and to regenerate various damaged tissues. The cell 
differentiation capacity of ASCs is crucial for engineered adipose tissue regeneration 
in reconstructive and plastic surgery. We previously reported that ginsenoside Rg1 
(G-Rg1 or Rg1) promotes proliferation and differentiation of ASCs in vitro and in vivio. 
Here we show that both G-Rg1 and platelet-rich fibrin (PRF) improve the proliferation, 
differentiation, and soft tissue regeneration capacity of human breast adipose-derived 
stem cells (HBASCs) on collagen type I sponge scaffolds in vitro and in vivo. Three 
months after transplantation, tissue wet weight, adipocyte number, intracellular 
lipid, microvessel density, and gene and protein expression of VEGF, HIF-1α, and 
PPARγ were higher in both G-Rg1- and PRF-treated HBASCs than in control grafts. 
More extensive new adipose tissue formation was evident after treatment with G-Rg1 
or PRF. In summary, G-Rg1 and/or PRF co-administration improves the function of 
HBASCs for soft tissue regeneration engineering.

INTRODUCTION

Engineered adipose tissue is an attractive substitute 
for reconstruction or augmentation of soft tissue defects in 
reconstructive, plastic, or aesthetic surgery. Unfortunately, 
most current autograft techniques fail to produce long-
term satisfactory replacement, in part due to the fragility 
of adipocytes and the lack of appropriate vascularization 
after grafting. Trauma, tumor resection, and congenital 
or acquired anomalies are the main causes justifying the 
need for adipose substitutes in reconstructive surgery, and 
tissue engineering strategies are a promising alternative 

therapeutic approach to address the low predictability of 
autologous fat transplantation.

Previous studies have proven that an ideal scaffold 
could promote the tissue regeneration process, an 
important factor in improving the cosmetic result [1–4]. 
Stem cells are commonly seeded on 3D scaffolds where 
they proliferate, differentiate, and secrete specific ECM 
molecules which promote additional scaffold formation, 
cell adhesion, and further proliferation both in vitro and 
in vivo. Scaffolds induce angiogenesis pathways leading 
to vascularization in neogenetic tissue in vitro. A three-
dimensional, porous collagen sponge is similar to the 
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extracellular matrix, compatible with the human body, 
and an ideal microenvironment for adhesion, spread, and 
proliferation of ASCs or MG-63 cells [5–6]. Excellent 
biocompatibility which can be affected by many factors 
including drugs, microenvironment, or endocrine changes 
is a critical requirement for scaffolds in adipose tissue 
engineering [7–9].

Ginsenoside Rg1, the active component of ginseng, 
possesses various therapeutic actions [10–13]. Our previous 
work indicated that ginsenoside Rg1 promotes proliferation 
and neural differentiation of human ASCs in vitro, suggesting 
a potential use for human ASCs in neural regenerative 
medicine [14]. Additionally, it was shown that platelet-
rich fibrin (PRF), a concentrate of autologous platelets 
on a fibrin membrane without added external factors, has 
a high potential for tissue repair. Advanced platelet-rich 
fibrin (A-PRF) influences bone and soft tissue regeneration 
through the presence of monocytes/macrophages and their 
respective growth factors (PRF was centrifuged at 2700 rpm 
for 12 min from 10 ml of whole blood without anticoagulant 
whereas A-PRF was centrifuged at 1,500rpm for 14 min.) 
[15–17] In this study, we selected G-Rg1 and PRF to pre-
treat human breast adipose-derived stem cells (HBASCs) 
seeded on three-dimensional porous collagen type I sponge 
scaffolds. We then detected cell survival, proliferation, 
differentiation, angiogenesis, and adipose tissue regeneration 
in vitro and in vivo.

RESULTS

Characterization and multipotency of HBASCs

Following initial isolation and expansion, 
homogeneous HBASCs that grew in a monolayer with 
spindle-shaped morphology were observed following one 
to two weeks culture (Figure 1A). Cells were harvested at 

80-90% confluence and passaged at a ratio of 1:3. Isolated, 
subconfluent HBASCs at 3rd passage (Figure 1B) were 
cultured for 1-2 weeks with adipogenic, osteogenic, and 
chondrogenic induction. Lineage-specific cell morphology 
was observed following 2, 3, and 2 weeks of inductive 
culturing for adipocytes, osteoblasts, and chondrocytes, 
respectively. Positive Oil Red O, alizarin red, and alcian 
blue staining typically indicate adipocytes, osteoblasts, 
or chondrocytes, respectively. The results confirm that 
the HBASCs differentiated into adipocytes, osteoblasts, 
and chondrocytes following relevant inductive culturing, 
validating their multipotency (Figure 1C, 1D, 1E). Green 
nuclei were observed in HBASCs when the cells were 
labeled with GFP (Figure 1F).

Influence of G-Rg1 and PRF on the proliferation 
of scaffold-cultured HBASCs

During the process of HBASCs culture with or 
without G-Rg1 and PRF, CCK-8 tests were performed 
on the 4 experimental groups. Ginsenoside Rg1 or PRF 
promoted the HBASCs cell proliferation during the 
logarithmic growth phase. Beginning 3 d after treatment, 
the proliferation rate of the ginsenoside Rg1 (group B) and 
PRF (group C) was higher than that of the control group 
(group A), and the combination of ginsenoside Rg1 with 
PRF (group D) augmented this effect (p< 0.001, Figure 2).

Attachment of HBASCs on scaffolds

After 3 days of culture on the scaffold, most 
HBASCs showed spindle-shape or polygon-shape 
morphology and adhered to the scaffold surface. 
Fluorescence imaging showed that almost all HBASCs of 
the 4 groups were viable. In addition, the density of live 
cells under phase contrast and fluorescence microscopy 

Figure 1: Characterization of human breast adipose-derived stem cells (HBASCs) prior to and following induction 
of multilineage differentiation. A. Morphological characterization of HBASCs at passage 0. B. Morphological characterization of 
HBASCs at passage 3 were: C. positive for oil red O staining following adipogenic induction for 2 weeks; D. positive for alizarin red 
staining following osteogenic induction for 3 weeks; E. positive for alcian blue staining following chondrogenic induction for 2 weeks; and 
F. GFP+. Scale bars: 50 μm (D, E); 100 μm (A, B, C, F).
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(green) was consistent with the results of the CCK-
8 assays (Figure 3A-3H). Furthermore, to determine 
whether cells could attach to the scaffold, the morphology 
of HBASCs was observed by SEM after 7 days of culture. 
After 7 days co-culture, the number of HBASCs increased 
markedly and migrated into the pore of the scaffolds. The 
cells extended pseudopodia and adhered to the surface 
or pores. The cells aggregated, adhered, and grew on the 
scaffold, and secreted extracellular matrix. In the control 
group, attached cells were less frequently observed on the 
scaffold alone but were more frequently observed on the 
scaffold combined with Rg1, PRF, or both. These results 
are consistent with the findings for proliferation of CCK-8 
assays (Figure 3I-3L) and show that collagen scaffolds are 
useful for cell attachment and growth.

Macroscopic findings and histopathological 
assessment of neogenetic tissue

No animals died over the 3 months after 
transplantation. Neogenetic tissues formed and were 
excised as shown in Figure 4A and 4B. The transplant wet 
weight was measured by electronic balance, and the data 
of groups A to D are shown in Table 1. The differences 
of group D vs group A, group D vs group B, group D vs 
group C, group C vs group A, and group B vs group A 
were all statistically significant (Figure 4C, *p <0.01, #p 
<0.01). H&E staining showed that the neogenetic tissues 
were mature adipose tissue in all four groups. Group D 
consisted predominantly of mature adipose tissue and had 

less fibrosis compared to the other 3 groups; groups B and 
C also consisted predominantly of mature adipose tissue 
and had less fibrosis than group A; and group A consisted 
partially of mature adipose tissue and had more fibrosis 
than the other 3 groups. Moreover, slight inflammation 
and degradation of the three-dimensional porous collagen 
sponge were observed 3 months after implantation in nude 
mice (Figure 5A1-5D1).

Origin of neogenetic adipose tissue and 
quantitative measurement of adipogenesis

GFP+ cells were found in the neogenetic mature 
adipose tissue, which indicates that this mature adipocyte 
had differentiated from GFP-labeled HBASCs (Figure 
5A3-5D3). Adipogenesis and lipid vacuole formation 
in the neogenetic mature adipose tissue sections were 
studied by Oil Red O staining, which showed the different 
adipogenic potentials of HBASCs in the four groups. In 
contrast to control, the transplanted HBASCs combined 
with Rg1 or PRF (group B or group C) contained more 
large Oil Red O-positive lipid droplets within their 
cytoplasm, and HBASCs combination with both Rg1 & 
PRF (group D) augments this effect (Figure 5A2-5D2). 
The number of adipocytes and intracellular lipid content 
were higher in group B or group C than in the control 
group; HBASCs combination with both Rg1 & PRF 
(group D) augments this effect (Figure 6, *p <0.01, #p 
<0.01).

Figure 2: Results of the cell proliferation assay using the CCK-8 test. Group B (10μg/ml Rg1), group C (10 mg/mlPRF), and 
group D (10μg/ml Rg1+10 mg/mlPRF) displayed higher absorbance than the control group (group A) at every time point starting from day 
3 of the study. The group D displayed higher absorbance than groups B and C at every time point starting from day 3. Results are the mean 
± SD, n = 6, p < 0.01, as assessed using ANOVA.
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Figure 3: The morphology and status of HBASCs after co-culture with COL-S: A–H. HBASCs under phase contrast and 
fluorescence microscopy after co-culture 3 days in 4 groups. I–L. HBASCs under SEM after co-culture 7 days in 4 groups.

Figure 4: Macroscopic findings and wet weight of the transplants in 4 groups. A, B. Macroscopic findings of the neogenetic 
tissue formation, excised from nude mice in 4 groups, C. The wet weight of the neogenetic tissue were measured and compared between 
the 4 groups. Results are the mean ± SD, n = 20, *p <0.01, #p <0.01, as assessed using ANOVA.
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Figure 5: Histological evaluation of the neogenetic tissue after 3 months (×200). A1–D1: (D1) Group D consisted 
predominantly of mature adipose tissue and had significantly less fibrosis than the other 3 groups; C1 and B1: groups B and C also 
consisted predominantly of mature adipose tissue and had significantly less fibrosis than group A. A1: group A consisted partially of 
mature adipose tissue and had more fibrosis than the other 3 groups. A2–D2: In contrast to control (A2), the transplanted HBASCs treated 
with Rg1 or PRF (B2 and C2) contained more large Oil Red O-positive lipid droplets within their cytoplasm, and HBASCs combination 
with both Rg1 & PRF (D2) augments this effect. A3–D3: GFP+ cells were detected in the neogenetic mature adipose tissue, indicating 
that these mature adipocytes differentiated from GFP-labeled HBASCs.

Table 1: The wet tissue weight in each group (mg, Mean ± SD, n=20)

group Control
(group A)

HBASCs+Rg1
(group B)

HBASCs+PRF
(group C)

HBASCs+Rg1+PRF
(group D)

Wet weight 108.4±11.2 *148.91±15.1 *153.3±16.5 #*212.6±23. 3

*VS Control, p<0.01; #VS group B and group C, p<0.01

Figure 6: Quantitative measurement of adipogenesis in 4 groups. The number of adipocytes and amount of intracellular lipid 
were higher in groups B and C than in the control group, and HBASCs treatment with both Rg1 & PRF (group D) augments this effect 
(Figure 6, *p <0.01; #p <0.01).
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Micro vessel density of neogenetic adipose tissue 
in each group

Histological evaluation of 10 fields per section 
taken from the center of the neogenetic fat tissue allowed 
us to determine micro vessel density (MVD), an index of 
neovascularization. MVD was much higher in group D than 
in the other three groups. The HBASCs transplants mixed 
with Rg1 or PRF also had a reasonably good MVD. In 
contrast, few micro vessels could be detected in the controls. 
(Figure 5A1-5D1 and Figure 7, *p <0.01, #p <0.01).

PPARγ, HIF-1α, and VEGF protein & gene 
expression in neogenetic adipose tissue

Three months after implantation, mRNA relative 
expression was measured by real-time quantitative PCR. 
The mRNA expression of PPARγ, HIF-1α, and VEGF 
were much higher in neogenetic adipose tissue of group 
D than in the other three groups, and the three genes 
had a reasonably higher expression in the transplants of 
HBASCs single mixed with Rg1(group B) or PRF(group 
C). The protein levels of PPARγ, HIF-1α, and VEGF were 
similar to the mRNA expression in all groups (Figures 8 
and 9, *p<0.01, #p <0.01).

DISCUSSION

Current reconstruction procedures, especially 
after trauma, congenital deformity, and oncological 
surgery, that transfer autologous soft tissue grafts have 

serious limitations. Multipotent adipose-derived stem 
cells (ASCs) are an extremely promising avenue for 
improving soft tissue defect repair and reconstruction. 
ASCs could induce either generation of soft tissue 
with a minor loss of adipose tissue at the donor 
site or increase the survival and durability of other 
grafts. Bioscaffolds serve as excellent framework for 
ASCs adhesion, growth, and proliferation, helping to 
maintain ideal graft morphology [22]. Alharbi Z et, al 
reported that freshly isolated uncultured ASCs can be 
safely seeded onto collagen and elastin matrices for ex 
vivo cellular enrichment after liposuction [23]. In this 
study, we chose collagen type I sponge as scaffold for 
HBASCs in order to evaluate its value for soft tissue 
regeneration.

Numerous previous studies have identified adipose-
derived stem cells (ASCs) as a potential stem cell 
population with proliferation and differentiation ability 
similar to bone marrow-derived stem cells (BMSCs) [24–
26]. ASCs are more easily isolated and can differentiate 
toward the osteogenic, chondrogenic, adipogenic, 
myogenic, neurogenic and angiogenic lineages [27–32].

Our previous studies proved platelet rich plasma 
promotes the proliferation of HBASCs and increases 
their eventual conversion rate into mammary gland like 
epithelial cells [33], and that HBASCs and CXCR4 
transfection can enhance the survival and quality of 
transplanted free fat tissues [19]. Yang reported that 
HBASCs have the potential to transdifferentiate into 
human mammary epithelial-like cells when co-cultured 
with breast epithelial cells (HBL-100 cell line) [34]. Das 

Figure 7: Micro vessel density (MVD) in the neogenetic tissue. Histological evaluation of 10 fields per section taken from 
the center of the mature adipose tissue showed that MVD was much higher in group D than in the other three transplant groups. These 
differences were statistically significant, as determined by paired T-test. * p <0.01; # p <0.01.
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Figure 9: The protein expression of PPARγ, HIF-1α, and VEGF were much higher in neogenetic adipose tissue of 
group D than in the other three groups, and had a reasonably higher expression in the single treated groups. In contrast, 
few mRNAs were upregulated in the control group, * p <0.01; # p <0.01

Figure 8: mRNA expression of PPARγ, HIF-1α, and VEGF were much higher in neogenetic adipose tissue of group 
D than in the other three groups, and had a reasonably higher expression in the single treated groups. In contrast, few 
mRNAs were upregulated in the control group,* p <0.01; # p <0.01
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indicated that HBASCs induce penile angiogenesis and 
neural regeneration without systemic inflammation in 
diabetic mice [35]. In our experiment, HBASCs were the 
transplant seed cells, and their proliferation and biological 
activity are improved by G-Rg1 or PRF.

Vascularization of the cell-scaffold transplant can be 
increased by many cytokines, including HIF-1α, VEGF, 
and PDGF. Gao reported that ASCs overexpressing HIF-
1α accelerate neovascularization in ischemic diabetic skin 
flap [36], and Wang suggested that HIF-1α gene-modified 
ASCs accelerate the recovery of acute renal injury in vitro 
[37]. Moreover, hypoxia increases ASCs proliferation 
through HIF-1α activation [38], and VEGF stimulates 
ASCs growth VEGF [39]. Both Hye and Gehmert found 
that PDGF pretreatment of ASCs before transplantation 
increased neovascularization [40–41]. We found that HIF-
1α and VEGF protein and mRNA levels were increased 
by treatment with G-Rg1, PRF. PRF is a new generation 
of platelet concentrate first described by Choukroun. It 
influences bone, cartilage and soft tissue regeneration 
through the presence of monocytes/macrophages and 
their growth factors including VEGF, PDGF, TGF-β, EGF, 
FGF, and IGF [42–45]. PRF promotes proliferation and 
differentiation of human oral bone mesenchymal stem 
cells in vitro [45–47].

We speculate that the paracrine activity of cytokines 
secreted by HBASCs is increased by G-Rg1. The higher 
level of cytokines more effectively promotes HBASCs 
proliferation and adipogenesis early after cell seeding, 
forming a positive feedback loop. The molecular 
mechanism of that loop is an interesting subject for further 
research.

We found that mixing G-Rg1 or/and PRF with 
autologous HBASCs increased their MVD density and 
viability. G-Rg1 and PRF improved the biocompatibility 
of COL-S and HBASCs, and increased HBASCs growth,  
proliferation, adhesion, survival, and adipogenic 
differentiation in vitro or in vivo. Combined application 
of ginsenoside Rg1 and PRF augmented these effects. 
At the same time, slight inflammation and degradation 
of the three-dimensional porous collagen sponge were 
observed 3 months after implantation in nude mice. Our 
data suggest that Rg1 and PRF would be ideal adjuvant 
to apply for cell assisted lipotransfer improving the 
biocompatibility of 3D porous collagen type I scaffolds. 
Three months after cells-scaffolds transplantation, there 
were neogenetic mature adipose tissue formation arising 
from the HBASCs. Tissue wet weight, the number of 
adipocytes, and intracellular lipid content were higher in 
HBASCs treated with G-Rg1 or PRF treated group than 
in the control group, and combination of the two (group 
D) augments this effect. While the molecular mechanism 
by which G-Rg1 and PRF enhance the survival of the 
HBASCs-scaffold transplants remains unclear, our data 
support the following possibilities. First, we found that 
the mRNA and protein expression of HIF-1α and VEGF 

were highest in neogenetic adipose tissue of the Rg-1/
PRF combined treatment group; the single treatment 
groups also had a reasonably higher expression. In 
contrast, few mRNAs or proteins were upregulated in 
the control groups. VEGF and HIF-1α may promote the 
vasculogenesis that enhances the survival of the transplant. 
Second, we detected adipogenic differentiation of the 
GFP-labeled HBASCs in the neogenetic adipose tissue, 
which indicates that all of the adipocytes in the tissue 
were derived from the exogenous HBASCs. Moreover, 
the mRNA and protein expression of PPARγ were highest 
in neogenetic adipose tissue of the Rg-1/PRF combined 
treatment group; the single treatment groups also had a 
reasonably higher expression. Third, since the VEGF and 
HIF-1α enchanced HBASCs-scaffold transplant survival, 
it is possible that the hypoxic conditions in which the 
HBASCs with G-Rg1 and PRF found themselves in 
early after transplantation induced them to release 
soluble angiogenic factors such as VEGF and HIF-1α 
which promoted early transplant neovascularization and 
enhanced HBASCs-scaffold transplant survival. However, 
the detailed regulatory mechanism of G-Rg1 or PRF 
remains to be further explored.

MATERIALS AND METHODS

Patient consent and ethical approval

Animal experiments were carried out in strict 
accordance with the recommendations in “The Guide 
for the Care and Use of Laboratory Animals of the State 
Committee of Science and Technology of the People’s 
Republic of China (2015)”. Experimental protocols were 
reviewed and approved by the Research Ethics Committee 
of the Guangxi Medical University (on 02/28/2015) and 
Gannan Medical University (Permit Number: 2015048).

Scaffold preparation

Three-dimensional porous collagen type I sponge 
scaffolds were supplied by Guangzhou Chuang’er 
Biotechnological Limited Company, China. They were 
stored in a dry cabinet at 17% relative humidity and UV 
sterilized prior to use. The collagen sponge was flexible 
and highly porous, with loosely bundled fibers not more 
than 100 μm apart and aperture spaces ranging from 150 
to 200 μm wide, with pH=6.5-7.5. Pieces of sponge (10 
×10×5 mm3) and their ultrastructure were imaged by 
scanning electron microscopy (Figure 10).

Preparation of ginsenoside Rg1

Ginsenoside Rg1 (protopanaxatriol extract 
monomer; Sigma) was dissolved in pyridine and acetone 
(both 100μg/mL, final concentration). Its chemical 
structure is presented in Figure 11.
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Platelet-rich fibrin preparation

PRF was prepared as previously reported [18]. 
Briefly, a patient’s blood sample was taken from the 
median cubital vein, transferred into a 10 mL glass tube 
without anticoagulation, and centrifuged at 2700 rpm 
for 12 min. The fibrin clot migrated to the middle of the 
tube and was easily separated from the red corpuscles at 
the bottom. After compression with sterile dry gauze, the 
fluids trapped in the fibrin matrix were driven out and the 
clot became a very resistant autologous fibrin membrane 
(Figure 12), which was then cut into pieces for the 
following experiments.

Isolation, expansion, and multilineage 
differentiation identification of HBASCs

HBASCs were isolated from spare fat tissue taken 
from 6 female reduction mammoplasty and breast prolapse 
repair patients. HBASCs, after 3rd passage, were used for 
identification of adipogenic, osteogenic, and chondrogenic 
differentiation capacity. The detailed experimental method 
was described in our previous study [19–20].

Ad-GFP labeling of HBASCs

HBASCs were labeled with green fluorescent 
protein (GFP) using monster green fluorescent protein 

Figure 11: The chemical structure of ginsenoside Rg1 (C42H72O14).

Figure 10: Macroscopic morphology and ultrastructure of the three-dimensional porous collagen type I sponge scaffolds. 
A. Macroscopic morphology; B. SEM×50; C. SEM×200.
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vector (Promega, Madison, WI, USA). Ad-GFP was added 
along with 200 μL of serum-free medium, and the flask 
was shaken gently every 15 min for 2 h. HBASCs were 
transduced with the replication-defective recombinant 
adenovirus at multiplicities of infection (MOI) in the 
range of 0–200 units. After incubation with Ad-GFP for 
2 h, culture medium containing 2.5% FBS was added into 
the flask. Transduction efficiency was determined by flow 
cytometry after 48 h. The optimal MOI for transduction of 
HBASCs was used in the following steps. HBASCs were 
directly analyzed and green autofluorescence detected by 
inverted fluorescence microscopy (Leica, Germany). Three 
days later, the 3rd passage, of HBASCs were collected and 
employed in this study.

Effect of ginsenoside Rg1/PRF on HBASCs-
scaffold proliferation in vitro

For cell proliferation assays, HBASCs at 3rd passage, 
were cultured in 96-well plates at 104 cells per well with 
growth culture medium (24 wells for each group). Twenty-
four hours later, cells were treated with basal culture 
media (BCM, group A, control), BCM plus 10 μg/mL 
Rg1 (group B), BCM plus 10 mg/mL PRF (group C), and 
BCM plus both Rg1& PRF (group D) for up to 9 days 
in vitro. HBASC proliferation was determined by CCK-8 
(Kumamoto, Japan) and measured by microplate reader 
scanning (ELx800, BioTek) at 450 nm as previously 
described [21].

Cell seeding on the scaffolds

The collagen type I sponge scaffolds (COL-S, 10 
mm length×10 mm width×5 mm thickness) were put into 
the 24-well culture plates and divided into 4 groups (6 
wells for each group), one piece collagen sponge in each 
well. Subsequently, HBASCs at 3rd passage, were cultured 
in 24-well plates at 105 cells per well in growth culture 

medium (24 wells for each group). Twenty-four hours 
later, cells were treated with basal culture media (BCM, 
group A, control), BCM plus 10 μg/mL Rg1 (group B), 
BCM plus 10 mg/mL PRF (group C), and BCM plus both 
Rg1& PRF (group D) for up to 7 days in vitro. Media was 
replaced every 2 days.

Scanning electron microscopy and contrast 
phase microscopy

After 7 days co-culture of HBASCs and collagen, 
the morphology of cells growing on the scaffold was 
evaluated using scanning electron microscopy (SEM, 
Phenom ProX, Netherlands) images taken on SEM-FE 
MIRA II LMU (TESCAN, Brno-Kohoutovice, Czech 
Republic). The samples were gold/palladium coated 
and analyzed with ImageJ software. The scaffolds were 
imaged on ESEM XL30 scanning electron microscope 
(Philips, Eindhoven, Netherlands). Before gold coating, 
samples were dehydrated and fixed by 2.5% glutaral  
then washed in PBS, 50, 70, 80, 95, and 100% EtOH, and 
mixtures of EtOH and Hexamethyldisilazane (HMDS) 
(Sigma, Aldrich), as well as 100% HMDS solution. Before 
scanning electron microscopy, we observed the HBASCs 
using phase contrast microscopy.

Experimental groups and HBASCs 
transplantation in vivo

Twenty nude mice (average weight 20.0g±4.0g) 
served as transplantation models. HBASCs were induced 
in adipogenic differentiation inductive media for one 
week before implantation. The collagen scaffold-loaded 
cell suspensions were injected by 16-gauge needles into 
each mouse subcutaneously at 4 spots (4 groups) which 
containing 0.5 ml of 1× 107 /ml GFP-labeled HBASCs 
suspensions (Control, Group A), 0.5 ml of 1× 107 /ml 
GFP-labeled HBASCs suspensions plus 10 μg/mL Rg1 

Figure 12: Isolation of PRF clots from venous whole blood after centrifugation: (A) Preparation tube following one 
step centrifugation; the red blood cell elements were in the lower phase, the middle phase containing PRF clots were 
transferred into a new tube, the upper phase was platelet-poor plasma (PPP).
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(Group B), 0.5 ml of 1× 107 /ml GFP-labeled HBASCs 
suspensions plus 10 mg/mL PRF (Group C), or 0.5 ml of 
1× 107 /ml GFP-labeled HBASCs suspensions plus both 
Rg1& PRF (Group D). Each spot randomly received one 
of these four cells-scaffold combinations. The mice were 
fed routinely after operation.

Tissue wet weight measurement and 
histopathological examination of transplants

After 3 months, all transplants were excised and 
weighed on an electronic balance to determine their wet 
weight. Subsequently, the formalin-maintained transplants 
were embedded in paraffin. Tissue sections from the center 
of the dissected regenerative tissue biopsy were stained 
with hematoxylin-eosin using standard procedures and 
examined under a light microscope. Neovascularization 
was assessed by counting the micro vessels in 10 fields of 
each HE-stained slide (20× magnification; performed by 
two blinded reviewers).

Fluorescence microscopy and quantitative 
measurement of adipogenesis

Transplant samples were embedded, cut into 
5-mm-thick slices, and observed under a fluorescence 
microscope. Sections were stained with Oil Red O 
followed by washing twice with PBS. The lipids were 
extracted from the cells by 100% isopropanol and gentle 
shaking for 5 min. Lipid concentration was measured 
based on 510 nm absorbance. The lipid quantity and 
adipocyte density for each sample was double-blindly 
measured in 6 different visual fields under the same 
magnification.

Real-time quantitative PCR analysis (qPCR)

Total RNA was extracted from each group by the 
TRIzol method following the manufacturer’s protocol 
(Invitrogen, USA). First-strand cDNA was synthesized 
from 1μg RNA with viral reverse transcriptase (TaKaRa, 
Japan), and used for quantitative real-time PCR. 
Expression levels of PPARγ, HIF-1α, and VEGF were 
quantified with an ABI 7300 real-time PCR system 
(Applied Biosystems, USA) and SYBR green PCR 

reaction mix (TaKaRa, Japan). Primers for each gene 
are listed in Table 2. The program used was 95°C for 5 
minutes, 40 cycles of 95°C for 15 seconds, annealing 
temperature for 1 minute, and 72°C for 30 s. Melting 
analysis and agarose gel electrophoresis were performed 
to confirm the specificity of the PCR products. The relative 
expression levels of genes were analyzed using the 2−ΔΔCt 
method by normalizing with GAPDH housekeeping gene 
expression, and presented as fold increase relative to the 
control group.

Protein extraction and western blotting

Ten samples collected from the neogenetic adipose 
tissue in 4 groups were harvested for Western Blot 
analysis and the whole cell extracts were obtained. Briefly, 
cell pellets were sonicated in extraction buffer. Extracts 
were quantified using the Bio-Rad DC protein assay kit 
(BioRad, Hercules, Calif.). Equal amounts of protein 
were resolved on 4%–12% SDS–PAGE and transferred 
to PVDF membranes (Millipore, Bedford, Massachusetts, 
USA). Membranes were blocked with blocking solution 
(Pierce, Rockford, Illinois, USA). Primary antibodies 
used were: anti-human PPARγ, anti-human HIF-1α, 
and anti-human VEGF (all from Abcam, London, UK). 
Horseradish-peroxidase-conjugated secondary antibody 
and enhanced chemiluminescence substrate (Supersignal 
West Dura Detection System; Pierce) were used for 
primary antibody detection.

Statistical analysis

Data are shown as mean±SD. Since each mouse 
was randomly injected with the four groups at 4 spots, 
we performed analysis of variance to determine whether 
the means of all groups were equal. This approach 
takes into account within-subject and between-subject 
variation. Furthermore, if the analysis of variance of the 
four means revealed statistically significant differences, 
multiple comparisons of the means of any two groups 
were made using the paired T-test. Differences in means 
were regarded as statistically significant if a two-tail 
p value was less than 0.05. All data were analyzed 
by using SPSS for Windows 16.0 version (Chicago, 
IL, USA).

Table 2: Primer sequences

Gene name (human) Forward primer sequence (5’ to 3’) Reverse primer sequence (5’ to 3’)

PPARγ GGCCGTCTATGTGGGTGTCTGG TGGCCCTTGGAGTGTGACAG

HIF-1α AAGTCTAGGGATGCAGCAC CAAGATCACCAGCATCTAG

VEGF ATGGCAGAAGGAGGAGGG CGAAACGCTGAGGGAGGCT

GAPDH AGAAGGCTGGGGCTCATTTG AGGGGCCATCCACAGTCTTC
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CONCLUSION

In this study, we found that HBASCs-attached 
scaffolds treated with G-Rg1 or PRF increase 
neovascularization and enhance tissue engineering 
adipogenesis. Moreover, combined application of 
both factors augments this effect. There is excellent 
biocompatibility between HBASCs and 3D porous 
collagen type I scaffolds which is improved by ginsenoside 
Rg1 and platelet rich fibrin for soft tissue regeneration.

ACKNOWLEDGMENTS

This work was financially supported by the 
National Nature Science Foundation of China (81560316, 
81560358), the scientific research & technology 
development program of Guangxi (Guikegong1598012-1), 
the scientific research & technology development program 
of Naning City (20153089, zc20153002) and the youth 
science foundation of Guangxi Medical University 
(GXMUYSF2014048).

CONFLICTS OF INTEREST

None of the authors have any financial relationships 
to disclose.

Authors’ contributions

Hong-Mian Li developed the research design, 
evaluated all of the experimental results and was 
responsible for the article. Fang-Tian Xu and Min-Hong 
Huang developed the experimental design and analyzed 
the data. Zhi-Jie Liang and Yi-Dan Liang performed 
research and contributed to the writing of this paper. Qi-
Liu Peng, De-Quan Li, De-Hui Li, Bing-Chao Yu, Ji-Rong 
Huang, and Gang-Yi Chi contributed new reagents and 
analytical tools and performed research.

REFERENCES

1. Choi YC, Choi JS, Kim BS, Kim JD, Yoon HI, Cho YW. 
Decellularized extracellular matrix derived from porcine 
adipose tissue as a xenogeneic biomaterial for tissue 
engineering. Tissue Engineering. Part C. 2012, 18:866-76.

2. Wagenhäuser MU, Pietschmann MF, Docheva D, Gülecyüz 
MF, Jansson V, Müller PE. Assessment of essential 
characteristics of two different scaffolds for tendon in situ 
regeneration. Knee Surg Sports Traumatol Arthrosc. 2015, 
23:1239-46.

3. Brown CF, Yan J, Han TT, Marecak DM, Amsden 
BG, Flynn LE. Effect of decellularized adipose tissue 
particle size and cell density on adipose-derived stem cell 
proliferation and adipogenic differentiation in composite 
methacrylated chondroitin sulphate hydrogels. Biomed 
Mater. 2015, 30;10:045010.

4. Ting AC, Craft RO, Palmer JA, Gerrand YW, Penington 
AJ, Morrison WA, Mitchell GM. The adipogenic potential 
of various extracellular matrices under the influence of an 
angiogenic growth factor combination in a mouse tissue 
engineering chamber. Acta Biomater. 2014, 10:1907-18.

5. Klar AS, Güven S, Biedermann T, Luginbühl J, Böttcher-
Haberzeth S, Meuli-Simmen C, Meuli M, Martin I, 
Scherberich A, Reichmann E.Tissue-engineered dermo-
epidermal skin grafts prevascularized with adipose-derived 
cells. Biomaterials. 2014, 35:5065-78.

6. Kim BS, Kim JS, Lee J. Improvements of osteoblast 
adhesion, proliferation, and differentiation in vitro via fibrin 
network formation in collagen sponge scaffold. J Biomed 
Mater Res A. 2013, 101:2661-6.

7. Schendzielorz P, Schmitz T, Moseke C, Gbureck U, Frölich 
K, Rak K, Groll J, Hagen R, Radeloff A. Plasma-assisted 
hydrophilization of cochlear implant electrode array 
surfaces enables adhesion of neurotrophin-secreting cells. 
ORL J Otorhinolaryngol Relat Spec. 2014, 76:257-65.

8. Ghorbani FM, Kaffashi B, Shokrollahi P, Seyedjafari 
E, Ardeshirylajimi A. PCL/chitosan/Zn-doped nHA 
electrospun nanocomposite scaffold promotes adipose 
derived stem cells adhesion and proliferation. Carbohydr 
Polym. 2015, 118: 133-42.

9. Wang K, Yu LY, Jiang LY, Wang HB, Wang CY, 
Luo Y. The paracrine effects of adipose-derived stem 
cells on neovascularization and biocompatibility of a 
macroencapsulation device. Acta Biomater. 2015, 15:65-76.

10. Hu W, Jing P, Wang L, Zhang Y, Yong J, Wang Y. The 
positive effects of Ginsenoside Rg1 upon the hematopoietic 
microenvironment in a D-Galactose-induced aged rat 
model. BMC Complement Altern Med. 2015, 15:119.

11. Zhu G, Wang Y, Li J, Wang J. Chronic treatment with 
ginsenoside Rg1 promotes memory and hippocampal long-
term potentiation in middle-aged mice. Neuroscience. 2015, 
292:81-9.

12. Kwok HH, Chan LS, Poon PY, Yue PY, Wong 
RN.Ginsenoside-Rg1 induces angiogenesis by the inverse 
regulation of MET tyrosine kinase receptor expression 
through miR-23a. Toxicol Appl Pharmacol. 2015, 
287:276-83.

13. Li KR, Zhang ZQ, Yao J, Zhao YX, Duan J, Cao C, Jiang 
Q. Rg-1 protects retinal pigment epithelium (RPE) cells 
from cobalt chloride (CoCl2) and hypoxia assaults. PLoS 
One. 2013, 8:e84171.

14. Xu FT, Li HM, Yin QS, Cui SE, Liu DL, Nan H, Han 
ZA, Xu KM. Effect of ginsenoside Rg1 on proliferation 
and neural phenotype differentiation of human adipose-
derived stem cells in vitro. Can J Physiol Pharmacol. 2014, 
92:467-75.

15. Lucarelli E, Beretta R, Dozza B, Tazzari PL, O’Connel SM, 
Ricci F, Pierini M, Squarzoni S, Pagliaro PP, Oprita EI, 
Donati D. A recently developed bifacial platelet-rich fibrin 
matrix. Eur Cell Mater. 2010, 20:13-23.



Oncotarget35402www.impactjournals.com/oncotarget

16. Li Q, Reed DA, Min L, Gopinathan G, Li S, Dangaria SJ, 
Li L, Geng Y, Galang MT, Gajendrareddy P, Zhou Y, Luan 
X, Diekwisch TG. Lyophilized platelet-rich fibrin (PRF) 
promotes craniofacial bone regeneration through Runx2. Int  
J Mol Sci. 2014, 15:8509-25.

17. Kobayashi E, Flückiger L, Fujioka-Kobayashi M, Sawada 
K, Sculean A, Schaller B, Miron RJ. Comparative release 
of growth factors from PRP, PRF, and advanced-PRF. Clin 
Oral Investig. 2016 Jan 25. [Epub ahead of print]

18. Tatullo M, Marrelli M, Cassetta M, Pacifici A, Stefanelli 
LV, Scacco S, Dipalma G, Pacifici L, Inchingolo F. Platelet 
Rich Fibrin (P.R.F.) in reconstructive surgery of atrophied 
maxillary bones: clinical and histological evaluations. Int J 
Med Sci. 2012, 9:872-80.

19. Xu FT, Li HM, Yin QS, Liu DL, Nan H, Zhao PR, Liang 
SW. Human breast adipose-derived stem cells transfected 
with the stromal cell-derived factor-1 receptor CXCR4 
exhibit enhanced viability in human autologous free fat 
grafts. Cell Physiol Biochem. 2014, 34:2091-104

20. Xu FT, Li HM, Zhao CY, Liang ZJ, Huang MH, Li Q, 
Chen YC, Chi GY. Characterization of Chondrogenic 
Gene Expression and Cartilage Phenotype Differentiation 
in Human Breast Adipose-Derived Stem Cells Promoted 
by Ginsenoside Rg1 In Vitro. Cell Physiol Biochem. 2015, 
37:1890-902.

21. Xu FT, Li HM, Yin QS, Liang ZJ, Huang MH, Chi GY, 
Huang L, Liu DL, Nan H. Effect of activated autologous 
platelet-rich plasma on proliferation and osteogenic 
differentiation of human adipose-derived stem cells in vitro. 
Am J Transl Res. 2015, 7:257-70.

22. Ito R, Morimoto N, Liem PH, Nakamura Y, Kawai K, 
Taira T, Tsuji W, Toi M, Suzuki S. Adipogenesis using 
human adipose tissue-derived stromal cells combined 
with a collagen/gelatin sponge sustaining release of basic 
fibroblast growth factor. J Tissue Eng Regen Med. 2014, 
8:1000-8.

23. Alharbi Z, Almakadi S, Opländer C, Vogt M, Rennekampff 
HO, Pallua N. Intraoperative use of enriched collagen and 
elastin matrices with freshly isolated adipose-derived stem/
stromal cells: a potential clinical approach for soft tissue 
reconstruction. BMC Surg. 2014, 14:10.

24. Hiwatashi N, Hirano S, Mizuta M, Tateya I, Kanemaru 
S, Nakamura T, Ito J. Adipose-derived stem cells versus 
bone marrow-derived stem cells for vocal fold regeneration. 
Laryngoscope. 2014, 124:E461-9.

25. Ye Y, Du Y, Guo F, Gong C, Yang K, Qin L. Comparative 
study of the osteogenic differentiation capacity of human 
bone marrow- and human adipose-derived stem cells under 
cyclic tensile stretch using quantitative analysis. Int J Mol 
Med. 2012, 30:1327-34.

26. Park SH, Sim WY, Min BH, Yang SS, Khademhosseini 
A, Kaplan DL. Chip-based comparison of the osteogenesis 
of human bone marrow- and adipose tissue-derived 
mesenchymal stem cells under mechanical stimulation. 
PLoS One. 2012, 7:e46689.

27. Atluri K, Seabold D, Hong L, Elangovan S, Salem 
AK.Nanoplex-Mediated Codelivery of Fibroblast Growth 
Factor and Bone Morphogenetic Protein Genes Promotes 
Osteogenesis in Human Adipocyte-Derived Mesenchymal 
Stem Cells. Mol Pharm. 2015, 12:3032-42.

28. Estes BT, Diekman BO, Gimble JM, Guilak F. Isolation 
of adipose-derived stem cells and their induction to a 
chondrogenic phenotype. Nat Protoc. 2010, 5:1294-311.

29. Strong AL, Bowles AC, MacCrimmon CP, Frazier TP, Lee 
SJ, Wu X, Katz AJ, Gawronska-Kozak B, Bunnell BA, 
Gimble JM. Adipose stromal cells repair pressure ulcers in 
both young and elderly mice: potential role of adipogenesis 
in skin repair. Stem Cells Transl Med. 2015, 4:632-42.

30. Apdik H, Doğan A, Demirci S, Aydın S, Şahin F.Dose-
dependent Effect of Boric Acid on Myogenic Differentiation 
of Human Adipose-derived Stem Cells (hADSCs), Biol 
Trace Elem Res. 2015, 165:123-30.

31. Li HM, Han ZA, Liu DL, Zhao PR, Liang SW, Xu KM. 
Autologous platelet-rich plasma promotes neurogenic 
differentiation of human adipose-derived stem cells in vitro, 
Int J Neurosci. 2013, 123:184-90.

32. Madonna R, Petrov L, Teberino MA, Manzoli L, Karam 
JP, Renna FV, Ferdinandy P, Montero-Menei CN, Ylä-
Herttuala S, De Caterina R. Transplantation of adipose 
tissue mesenchymal cells conjugated with VEGF-releasing 
microcarriers promotes repair in murine myocardial 
infarction. Cardiovasc Res. 2015, 108:39-49.

33. Cui SE, Li HM, Liu DL, Nan H, Xu KM, Zhao PR, 
Liang SW. Human breast adipose-derived stem cells: 
characterization and differentiation into mammary gland-
like epithelial cells promoted by autologous activated 
platelet-rich plasma. Mol Med Rep. 2014, 10: 605-14.

34. Yang J, Guo N, Sun J, Xiong L, Wang R. In vitro induction 
of human breast adipose-derived stem cells into epithelial-
like cells by co-culturing. Zhonghua Zheng Xing Wai Ke 
Za Zhi. 2014, 30:209-214.

35. Das ND, Song KM, Yin GN, Batbold D, Kwon MH, 
Kwon KD, Kim WJ, Kim YS, Ryu JK, Suh JK. Xenogenic 
transplantation of human breast adipose-derived stromal 
vascular fraction enhances recovery of erectile function in 
diabetic mice. Biol Reprod. 2014, 90:66.

36. Gomillion CT, Burg KJ. Stem cells and adipose tissue 
engineering. Biomaterials. 2006, 27:6052-63.

37. Safaeijavan R, Soleimani M, Divsalar A, Eidi A, 
Ardeshirylajimi A. Comparison of random and aligned 
PCL nanofibrous electrospun scaffolds on cardiomyocyte 
differentiation of human adipose-derived stem cells. Iran J 
Basic Med Sci. 2014, 17:903-11.

38. Kakudo N, Morimoto N, Ogawa T, Taketani S, Kusumoto 
K. Hypoxia Enhances Proliferation of Human Adipose-
Derived Stem Cells via HIF-1α Activation. PLoS One. 
2015, 10:e0139890.

39. Chua KH, Raduan F, Wan Safwani WK, Manzor NF, 
Pingguan-Murphy B, Sathapan S. Effects of serum 



Oncotarget35403www.impactjournals.com/oncotarget

reduction and VEGF supplementation on angiogenic 
potential of human adipose stromal cells in vitro. Cell 
Prolif. 2013, 46:300-1.

40. Hye Kim J, Gyu Park S, Kim WK, Song SU, Sung JH. 
Functional regulation of adipose-derived stem cells by 
PDGF-D. Stem Cells. 2015, 33:542-56.

41. Gehmert S, Gehmert S, Hidayat M, Sultan M, Berner A, 
Klein S, Zellner J, Müller M, Prantl L. Angiogenesis: the 
role of PDGF-BB on adipose-tissue derived stem cells 
(ASCs). Clin Hemorheol Microcirc. 2011, 48:5-13.

42. Schär MO, Diaz-Romero J, Kohl S, Zumstein MA, Nesic 
D. Platelet-rich concentrates differentially release growth 
factors and induce cell migration in vitro. Clin Orthop Relat 
Res. 2015, 473:1635-43.

43. Chien CS, Ho HO, Liang YC, Ko PH, Sheu MT, Chen CH. 
Incorporation of exudates of human platelet-rich fibrin gel 
in biodegradable fibrin scaffolds for tissue engineering of 
cartilage. J Biomed Mater Res B Appl Biomater. 2012, 
100:948-55.

44. Hamid MS, Yusof A, Mohamed Ali MR.Platelet-rich 
plasma (PRP) for acute muscle injury: a systematic review. 
PLoS One. 2014, 9:e90538.

45. Femminella B, Iaconi MC, Di Tullio M, Romano L, 
Sinjari B, D’Arcangelo C, De Ninis P, Paolantonio M. 
Clinical Comparison of Platelet Rich Fibrin and a Gelatin 
Sponge in the Management of Palatal Wounds Following 
Epithelialized Free Gingival Graft Harvest:A Randomized 
Clinical Trial. J Periodontol. 2015, 27:1-17.

46. Dohan Ehrenfest DM, Doglioli P, de Peppo GM, Del Corso 
M, Charrier JB.Choukroun’s platelet-rich fibrin (PRF) 
stimulates in vitro proliferation and differentiation of human 
oral bone mesenchymal stem cell in a dose-dependent way. 
Arch Oral Biol. 2010, 55:185-94.

47. Chen YL, Sun CK, Tsai TH, Chang LT, Leu S, Zhen YY, 
Sheu JJ, Chua S, Yeh KH, Lu HI, Chang HW, Lee FY, Yip 
HK. Adipose-derived mesenchymal stem cells embedded in 
platelet-rich fibrin scaffolds promote angiogenesis, preserve 
heart function, and reduce left ventricular remodeling in 
rat acute myocardial infarction. Am J Transl Res. 2015, 
7:781-803.


