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Abstract
Introduction: Human adipose-derived stem cells have been identi�ed as a promising candidate for cell-
assisted therapy to improve graft survival. Human adipose-derived stem cells were added into �lling
materials.

Methods: The �lling materials were prepared and divided into 6 groups: Fat particles with phosphate
buffer saline or human adipose-derived stem cells; Acellular dermal matrix particles with phosphate
buffer saline or human adipose-derived stem cells; Mixture of fat particles and acellular dermal matrix
particles with phosphate buffer saline or human adipose-derived stem cells. The survival rate, vascular
density and histological at 2, 6 and 12 weeks were investigated.

Results: Human adipose-derived stem cells signi�cantly improved survival rate in each group at 6 and 12
weeks, and it signi�cantly increased the vascular density in the fat particles and porcine acellular dermal
matrix combined group and porcine acellular dermal matrix group at three time points, but human
adipose-derived stem cells did not have a signi�cant effect in the fat particles group. 

Conclusion: Human adipose-derived stem cells as assisted cells added into �lling material can improve
survival rate and vascular density in rats.

Introduction
Filling injection is one of the minimally invasive methods for the treatment of tissue loss of volume,
contours and static wrinkle. The popularity and acceptance of �lling injection have risen steadily. A 297%
increase in the use of soft tissue �llers between 1997 and 2008 was reported by the American Society of
Aesthetic Plastic Surgery.  An more than 44% increase between 2011 and 2016(1). Injection �lling
materials can be divided into synthetic materials and biological materials. The biological materials
include hyaluronic acid, collagen and autologous fat(2, 3). Acellular dermal matrix (ADM) is a kind of
collagen matrix material with a three-dimensional spatial structure, which is obtained by removing
immunogenic cell components of the epidermis and dermal tissue of humans or animals through a series
of physicochemical and biological methods, and retaining the components and structures of the
extracellular matrix such as collagen. ADM is widely used in the �elds of burn, plastic surgery, surgery
and wound repair(4-6). In our previous studies, we made cellular dermal matrix particles and explored
acellular dermal matrix as a potential injectable �ller material(7). 

Stem cells are found in various tissues of the body and are responsible for internal environmental
stability. Adipose-derived stem cells are favored by researchers because of their large amount of
extraction, wide range of sources and low immunogenicity(8). In the study of yu et al., human adipose-
derived stem cells (hADSCs) have been identi�ed as a promising candidate for cell-assisted therapy to
improve graft survival(9). So, we looked forward to applying this function of hADSC to �lling materials. In
this study, we explored the role of hADSC in �lling material. For this purpose, the rat subcutaneous soft
tissue was �lled with ADM combined with autologous fat particles in different concentrations, and
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hADSC was added to these �lling materials. Then, we observed the �lling condition and compared the
�lling effects of these different �lling materials.

Methods
Culturing and Identifying of Human Adipose-Derived Stem Cells (hADSC).

We harvested the human subcutaneous fat tissue of healthy donors who had liposuction. The use of
human adipose tissue was approved by the Ethics Committee of Plastic Surgery Hospital. The fresh fat
specimen was washed three times with PBS containing 1% penicillin/streptomycin. The fat tissue was
digested with 0.25% collagenase type I (Sigma, USA) at 37℃ for 0.5h and centrifuged at 1000 rpm for 5 
min. The cell pellet was resuspended and �ltered through a 70-μm �lter (Corning, USA). After another
centrifugation for 5 min, the cell pellet was resuspended in the culture medium consisting of Human
Mesenchymal Stem Cell Medium (MSCM, ScienCell, USA) high glucose. The culture medium was
replaced 48h after seeding to remove nonadherent cells; thereafter, the medium was replenished every 2–
3 days. The ASCs were passaged 3 times for experiments. The hADSCs immunophenotype was analyzed
by �ow cytometry using the �ow cytometer FACSCalibur (BD, New Jersey, USA). hADSCs cultivated to
passage 3 were labeled with Human MSC Analysis Kit (BD, New Jersey, USA). Cell samples were labeled
with each antibody separately and after processing, concentrated cell populations were gated and then
the percentage of cells labeled with the selected antibodies was identi�ed, as proposed by the
International Federation for Adipose Therapeutics and Science (IFATS) and International Cell Therapy
Society(10). The data use isotype as a reference and analysis were performed using the FlowJo7.6.1
Software. 

Filler Preparation and Grouping

All animal study protocols and procedures were approved by the Animal Care Ethics Committee of Plastic
Surgery Hospital. The animals used in this study included 12 adult male Sprague–Dawley rats weighing
350-450g. Rats were placed under general anesthesia by intraperitoneal injection of sodium pentobarbital
(50 mg/kg). The rat was supine with the groin exposed. Open the skin along the groin to reveal a large
amount of milky adipose tissue. The adipose tissue was carefully removed and the hemostasis was
complete. The surgical wound was closed with 4-0 nylon sutures, and the rat was changed to the prone
position. Fillers were then injected into the rat's back (Figure 1A). The whole process is carried out under
aseptic conditions. 

The adipose tissue was loaded into a 20ml spiral syringe, and cut into pieces with scissors. A small
amount of PBS was added during the cutting process for lubrication.  Then adipose tissue passe through
the 1.0mm aperture converter and loaded into the 15ml centrifuge tube. After centrifugation at 1 000
r/min for 3 min, the upper layer was lipid droplets, the lower layer was PBS, blood and �brous tissue, and
the middle layer was intact fat particles (Figure 1B). The fat particles were loaded into a 15ml centrifuge
tube for later use (Figure 1C). 
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Porcine acellular dermal matrix (PADM) particles (#6846, Unitrump Bio, Qidong, China), autologous fat
particles, hADSC and PBS were combined with six different combinations were �lled in the rat’s back.
They were mixed in the proportions given in Table 1. 18-gauge needles were used to inject each rat
subcutaneously at 6 spots, each of the �lling material contained a volume of 1.2 ml.

Table 1

Filling ratio

  A B C D E F

Acellular dermal matrix 0ml 0ml 0.4ml 0.4ml 0.8ml 0.8ml

Autologous fat particles 0.8ml 0.8ml 0.4ml 0.4ml 0ml 0ml

hADSC 0ml 0.4ml 0ml 0.4ml 0ml 0.4ml

PBS 0.4ml 0ml 0.4ml 0ml 0.4ml 0ml

Assessment of the Filling Material Survival Rates

After 2, 6 and 12 weeks, four rats were selected randomly and euthanized with approved IACUC protocol,
and the �lling materials were carefully dissected from their back. Each �lling material was measured, and
the survival ratio for �lling material was calculated by using the formula: survival volume/previous
volume. Subsequently, each �lling material was placed in paraformaldehyde and used for histological
and immunohistochemistry examination.

Histological Analysis

The �lling material transplants from the 6 groups were embedded in para�n and cryopreserved in
optimal cutting temperature (OCT) media compound. Para�n-embedded �lling material histological
sections (5 μm) were prepared and then stained with H&E (PH1732, Phygene, Fuzhou, China). The H&E
staining procedure was performed according to standard instructions. The microscope was used to
obtain images. Neovascularization was assessed by counting the capillaries in 10 �elds of each slide.
The images were analyzed by Image Pro Plus software.

Statistical Analysis

All data were presented as the means ± standard error of the mean (SEM). GraphPad Prism 6.0 (USA)
was used for statistical analysis and draft graphs. The Student’s t test was used to evaluate the
signi�cant differences between the 2 groups. Multigroup comparisons were determined by one-way
ANOVA with Bonferroni correction. Multigroup comparisons with different times were analyzed by two-
way ANOVA with factors of treatment and time. Intergroup differences were analyzed by performing post
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hoc Bonferroni tests. P values ≤ 0.05 were considered statistically signi�cant (### or ***, P ≤ 0.001; **, P
≤ 0.01; *, P ≤ 0.05).

Results
Culturing and Identifying of Human Adipose-Derived Stem Cells (hADSC).

hADSCs were successfully isolated from the fat tissue. Cells adhered to the plastic culture �ask. In
passage 0, hADSCs grew adhering to the wall and presented a �broblast-like cell morphology, and the
circular suspension cells were other cells or inactivated adipose stem cells. During sub-culturing up to
passage three, the morphologic or growth pattern didn’t change (Fig. 2A). The stem cell markers CD73,
CD90, and CD105 were highly expressed (> 90%) in our cells, and the cells had negative expression (≤
3%) of the negative cocktail markers (CD11b, CD19, CD34, CD45, HLA-DR) (Figure 2B). The result of �ow
cytometry showed cells were stem cells(10). 

Filling Material Survival Rates

 At 2, 6 and 12 weeks after subcutaneous injection of the �lling material, four rats were selected randomly
and killed. The subcutaneous �llers were under the skin of the rats’ back, and they were extracted for
assessment of the changes in volume. Macroscopic images of �lling materials at three different time
points are shown in Figure 3. 

The volume of different �lling materials were detected at 2, 6 and 12 weeks after subcutaneous injection
to calculate the survival rate. All survival rate curves of different �llers were shown in �gure 4. In the fat
particles with PBS group and fat particles with hADSC group, the two groups were statistically different at
six weeks (P 0.05). At 12 weeks, the fat particles with PBS or hADSC cannot be found, and the survival
rate was 0. In the fat particles and PADM with PBS or hADSC group, the two groups were statistically
different at 6 and 12 weeks (P 0.01). In the PADM with PBS or hADSC group, the two groups were
statistically different at three time points (P 0.05). In short, the survival rate of �ller with hADSC group
was higher than the PBS group after 6 weeks. In the three PBS group, survival rates of the PADM group
were higher than the other two groups at three time points, and survival rates of the fat particles group
were lowest. In the three hADSC groups, the results were similar to the three PBS groups. 

Histological Analysis

The H&E staining results performed to examine angiogenesis and cell in�ltration in each group. As shown
in �gure 5, the H&E staining of the �ller materials at 2 and 6 weeks showed that there were limited
in�ammatory cell in�ltration and neovascularization in all groups (microbars 20 μm). The staining of the
�ller materials at 12 weeks revealed that there was almost no in�ammatory cell in�ltration, and the
neovascularization signi�cantly increased compared to 2 and 6 weeks.

The results of angiogenesis analysis were shown in the �gure 6. In the fat particles with PBS group and
fat particles with hADSC group, the number of blood vessels in the PBS group was 5.50 ± 0.29 at 2
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weeks, and 7.25 ± 0.63 at 6 weeks, the number of blood vessels in the hADSC group was 8.75 ± 1.49 at 2
weeks, and 9.75 ± 0.48 at 6 weeks. The two groups were statistically different at 2 weeks (P 0.05), but the
two groups were not statistically different at 6 weeks. In the fat particles and PADM with PBS or hADSC
group, the number of blood vessels in PBS group was 6.00 ± 0.41 at 2 weeks, 8.25 ± 0.48 at 6 weeks, 9.00
± 0.41 at 12 weeks, and the number of blood vessels in the hADSC group was 8.50 ± 0.65 at 2 weeks,
10.25 ± 0.48 at 6 weeks, 12.50 ± 0.65 at 12 weeks. The two groups were statistically different at 2, 6 and
12 weeks (P 0.05). In the PADM with PBS or hADSC group, the number of blood vessels in PBS group
was 1.25 ± 0.250 at 2 weeks, 5.50 ± 0.65 at 6 weeks, 8.25 ± 0.48 at 12 weeks, and the number of blood
vessels in hADSC group was 4.00 ± 0.41 at 2 weeks, 8.75 ± 1.25 at 6 weeks, 11.50 ± 0.65 at 12 weeks.
The two groups were statistically different at 2, 6 and 12 weeks (P 0.05). In the three PBS groups, the
number of blood vessels in the PADM group was lower than the other two groups at 2 and 6 weeks. There
was no signi�cant difference between the combined group and PADM groups at 12 weeks. In the three
hADSC groups, the number of blood vessels in the PADM group was lower than the other two groups at 2
weeks, and no signi�cant difference between the combined group and PADM groups at 12 weeks. 

Discussion
As a new therapeutic method, cell therapy has been applied in many �elds(11, 12). Mesenchymal stem
cells are the most popular choice for cell therapy. MSCs may regulate immune response by releasing
soluble immunosuppressive factors(13), while adipose-derived stem cells can be used as cell therapy in
various animal experimental models due to their wide sources and large extraction volume. In the study
of Lee et al., hADSCs were used to repair rat tendons, and hADSC could promote tendon healing and
survive for at least four weeks(11). There is a study has shown that hADSCs can locally survive for 3
months or even 6 months in a rat model(14). Therefore, we set the longest observation time point as 12
weeks in our study. No serious complications occurred in rats during our experiment, which re�ects the
feasibility of hADSCs xenotransplantation.

Fat transplantation is a safe and effective injection �lling method. Since autologous adipose tissue is
easily obtained through liposuction, fat transplantation has become the preferred treatment for clinical
soft tissue enhancement and reconstruction, and has been applied in various cosmetic or reconstruction
indications(15, 16). However, fat transplantation has the disadvantage of a high absorption rate leading
to a poor long-term prognosis. The survival rate of fat transplantation is between 20 and 80% (17). The
loss of fat volume and function is caused by apoptosis and necrosis of fat cells and inadequate and
premature revascularization(18). Recently, assisted fat transfer with human adipose-derived stem cells
has been shown to signi�cantly improve the survival rate of fat transplantation(19, 20). Our experimental
results are also consistent with this conclusion. In terms of survival rate, we found that hADSCs
signi�cantly improved the survival rate in each group at 6 and 12 weeks from our results. However, the fat
particles groups were fully absorbed at 12 weeks, and the long-term effects of hADSCs in this group
could not be determined. In terms of vascular density, hADSCs signi�cantly increased the vascular
density in the fat particles-PADM mixture group and PADM group at three time points, but hADSCs did not
have a signi�cant effect in the fat particles group. 
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Acellular dermal matrix is characterized by rapid vascularization, low antigenicity and stable
performance. In our previous studies, the acellular dermal matrix was prepared in granular form for
injection �lling and we found that it was characterized by high stability, low in�ammatory response, and
low absorption rate(7). In this study, acellular dermal matrix particles prepared were selected for further
study. With or without hADSCs, the PADM group had a higher survival rate than the other two groups. The
survival rate of the PADM group with hADSCs was signi�cantly higher than the combined group at 2 and
6 weeks. However, there was no signi�cant difference between the PADM group and the combined group
in the survival rate. We speculated that the local number of hADSCs decreased in the �lling materials at
12 weeks, which may be related to their migration, which is consistent with the results of the study by
Haddad-Mashadrizeh A et al(14). In terms of vascular density, the fat particles group and the combined
group had higher vascular density than the PADM group at 2 and 6 weeks. There was no statistical
difference between the �lling materials with the assistance of hADSCs at 6 and 12 weeks. In short,
hADSCs had the greatest effect on vascular density in the PADM group at 6 weeks.  

Conclusion
hADSCs improved the survival rate of the fat particles group, the combined group and the PADM group at
6 and 12 weeks in rats. hADSCs increased the vascular density in the combined group and PADM group
at three time points in rats. 
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Figures

Figure 1

Gross observation of �lling and preparation of �lling material. (A) The gross

observation of six different �lling material �lled into rat’s back. (B) The adipose tissue was cut

and centrifuged, the upper layer was lipid droplets, the lower layer was PBS, blood and �brous
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tissue, and the middle layer was intact fat particles. (C) The left is autologous fat particles, the

middle is acellular dermal matrix, and the right is equal mixture of autologous fat particles and

acellular dermal matrix.

Figure 2

Morphology and immunophenotype characteristics of hADSCs. (A) Representative

microscopic illustrations of hADSCs. Scale bar 250 μm. (B) Representative histograms from the

�ow cytometry analysis showing surface marker expression on hADSCs, monoclonal antibody

control (red) and the stained cells (blue).

Figure 3

Macroscopic images of subcutaneous �ller materials.

(  ) Macroscopic images of the harvested �ller materials 2 weeks post transplantation. (  )

Macroscopic images of the harvested �ller materials 2 weeks post transplantation. (  )

Macroscopic images of the harvested �ller materials 6 weeks post transplantation. (  )

Macroscopic images of the harvested �ller materials 12 weeks post transplantation.

Figure 4

The survival rate curve of different �ller.

All data are expressed as the mean ± SD (number from each group = 4; two-way ANOVA analysis

followed post hoc multiple comparisons with a Bonferroni correction).

(A) The survival rate curve of fat particles with PBS or hADSC. *P < 0.05, vs. Fat particles and

PBS group. (B) The survival rate curve of fat particles and acellular dermal matrix with PBS or
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hADSC. **P < 0.01, ****P < 0.0001, vs. Fat particles, acellular dermal matrix and PBS group. (C)

The survival rate curve of acellular dermal matrix with PBS or hADSC. *P < 0.05, **P < 0.01, vs.

Acellular dermal matrix and PBS group. (D) The survival rate curve of fat particles, acellular

dermal matrix and combined �ller with PBS. ****P< 0.0001, ##P < 0.01, ####< 0.0001, vs. Fat

particles and PBS group. (E) The survival rate curve of fat particles, acellular dermal matrix and

combined �ller with hADSC. ****P< 0.0001, ####< 0.0001, vs. Fat particles and hADSC group.

Figure 5

H&E staining results Scale bar: 25 μm. ( ) H&E staining results of the �ller 2 weeks after injection. ( )
H&E staining

results of the �ller 6 weeks after injection. ( ) H&E staining results of the �ller

12 weeks after injection.
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Figure 6

Assessment of the density of blood vessels at 2, 6 and 12 weeks after �ller injection.

(A): Histogram showing the density of blood vessels in fat particles with PBS or hADSC group.

*P < 0.05, vs. Fat particles and PBS group. (B) Histogram showing the density of blood vessels in

fat particles and acellular dermal matrix with PBS or hADSC group. *P < 0.05, **P < 0.01, ***P

< 0.001, vs. Fat particles, acellular dermal matrix and PBS group. (C) Histogram showing the

density of blood vessels in acellular dermal matrix with PBS or hADSC group. *P < 0.05 vs.

Acellular dermal matrix and PBS group. (D) Histogram showing the density of blood vessels in fat

particles, acellular dermal matrix and combined �ller with PBS group. *P < 0.05, ***P < 0.001,

****P< 0.0001 vs. Fat particles and PBS group. (E) Histogram showing the density of blood

vessels in fat particles, acellular dermal matrix and combined �ller with hADSC group. **P <

0.01, ***P < 0.001, ****P< 0.0001 vs. Fat particles and hADSC group.


