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Abstract

Background Adipose-derived stem cell (ADSCs)-assisted
and platelet-rich plasma (PRP)-assisted lipofilling aim to
enhance angiogenesis and cell proliferation and are
promising techniques for lipofilling. This study aimed to
compare the outcomes of ADSCs-assisted and PRP-as-
sisted lipofilling.

Methods Adipose tissue and human venous blood were
obtained from women with early breast cancer. Human
ADSCs were isolated and amplified in vitro. PRP was
extracted through double centrifugation. The effect of PRP
on ADSCs proliferation was evaluated. In the in vivo
study, 1 ml of adipose tissue with saline (control group),
PRP (PRP group), or ADSCs (ADSCs group) was injected
subcutaneously into the dorsum of nude mice. At 2, 4, 8§,
and 12 weeks after injection, tissues were assessed for
volume retention and ultrasound abnormality. For histo-
logical assessment, hematoxylin and eosin staining were
performed.

Results Cytokines in PRP and blood were comparable.
Regarding the in vitro assay, PRP significantly improved
ADSCs proliferation, and the effect was dose-dependent.
Concerning the in vivo study, for each time point, ADSCs-
assisted lipofilling showed superior volume maintenance.
Similarly, the PRP group showed improved angiogenesis
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and fat survival, as compared with the control group. The
angiogenic effect of PRP was inferior to that of ADSCs at
most time points. No significant difference was observed at
12 weeks after lipofilling. Complication rates were com-
parable between the PRP group and ADSCs group.
Conclusions PRP-assisted and ADSCs-assisted lipofilling
can significantly improve the cosmetic results of grafted
fat. PRP-assisted lipofilling, which is considered conve-
nient and clinically available, is a promising technique to
improve neovascularization and fat survival.
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Introduction

Lipofilling has been widely used in plastic and recon-
structive surgeries. Adipose tissue is an ideal soft tissue
filler owing to its extensive sources and natural texture and
the absence of foreign body reactions. However, as it is an
energy storing tissue, its survival depends on sufficient
oxygen supply. During aspiration and injection, adipose
tissue or adipocytes cannot cope well with hypoxia and
ischemia. Its pathological characteristics can result in an
unpredictable postoperative volume, with a reported
maintenance rate ranging from 10 to 80% [1, 2]. To
improve the survival of tissue in lipofilling, many tech-
niques aimed at improving neovascularization and fat tis-
sue ischemia have been proposed. Studies have reported
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the use of supplements, including stromal vascular frac-
tions, adipose-derived stem cells (ADSCs), chemical-re-
sistant cell activating factors (insulin, erythropoietin, etc.),
and multiple growth factors [3-7], and some of these
studies have noted good outcomes. Among all techniques,
cell-assisted lipofilling is considered one of the most
impressive approaches. Experimental and clinical studies
have demonstrated that in vitro-amplified ADSCs can
significantly increase vascularization and ensure volume
maintenance of the grafted fat [8, 9]. However, the onco-
logical safety of ADSCs in breast cancer survivors remains
unclear [10, 11].

Ischemia and hypoxia are the main obstacles of
lipofilling. The addition of angiogenic growth factors has
been shown to be a feasible strategy. Previous studies
showed that the addition of vascular endothelial growth
factor (VEGF) and fibroblast growth factor significantly
improved fat survival. However, the high cost of purified
cytokines has limited their wide use in clinical practice.
Platelet-rich plasma (PRP) is a biomatrix component con-
taining high concentrations of platelets and various growth
factors, such as VEGF, platelet-derived growth factor, and
transforming growth factor . It has been shown that PRP-
assisted lipofilling improves lipofilling outcomes and is a
promising substitute for ADSCs-assisted lipofilling
[12, 13]. The present study aimed to compare the adipose
tissue survival and vascularization of PRP-assisted and
ADSCs-assisted lipofilling.

Materials and Methods
Adipose Tissue Harvesting and Isolation of ADSCs

Adipose tissue was obtained from the mastectomy sample
of women with early breast cancer (n = 9) at our institu-
tion. Adipose tissue was used for ADSCs isolation and fat
grafting in nude mice. ADSCs were digested using 1 mg/
ml of collagenase type I according to our previously study
[14]. ADSCs from the third passage were used for
lipofilling.

This study was approved by the ethics committee of our
institution, and written informed consent was obtained
from all tissue donors.

Preparation and Characteristics of PRP

Fresh venous blood was donated from the same fat tissue
donors. PRP was prepared as previously described by
Landesberg et al. [15]. Briefly, fresh venous blood was
centrifuged at 200g for 10 min. The upper and middle
layers were extracted and further centrifuged at 200g for
10 min. The bottom layer was extracted, and 10% calcium
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chloride was added as an activator. After the blood clots
contracted, samples were centrifuged at 60g for 5 min, and
the upper layer was considered as activated PRP.
VEGF-1, VEGF-2, and epidermal growth factor (EGF)
levels in PRP and blood samples were measured using the
Affymetrix® Elisa Kit (Thermo Fisher Scientific, Waltham,
MA, USA). The effect of ADSCs proliferation associated
with PRP was tested using a Cell Counting Kit (CCKS,
Dojindo, Kumamoto, Japan). All procedures were per-
formed according to the manufacturers’ instructions.

In Vivo Analysis of ADSCs-Assisted and PRP-
Assisted Lipofilling in Mice

Adipose tissue was diced into a granular form using oph-
thalmic scissors. After washing with saline thrice, the tis-
sue was centrifuged at 200g for 5 min. The middle layer
was used for grafting.

One hundred healthy male nude mice (20 for each
group, 4-6 weeks old) weighing 18-22 g were purchased
from Sichuan Dashuo Laboratory Animal Center (Sichuan,
China). All animal experiments were approved by the
institution animal care and use committee. For the exper-
iment, 1 ml of adipose tissue with or without supplement
was injected subcutaneously into the dorsum of nude mice.
In the control group, 0.3 ml of saline was added to 1 ml of
adipose tissue, while in the PRP group, 0.3, 0.2 and 0.1 ml
of PRP was added to 1 ml of adipose tissue to form 30, 20,
and 10% PRP-enhanced fat grafts, respectively. In the
ADSCs group, 0.3 ml cell suspension (6.67 x 10° cell/ml)
was added to 1 ml of adipose tissue.

At 2, 4, 8, and 12 weeks after injection, an ultrasound
examination was performed to assess for complications.
Images were captured using the Philips IU22 color Doppler
ultrasound imaging system (Philips Healthcare, Bothell,
WA) equipped with a 5-12-MHz probe. Grafts were har-
vested, and graft volumes were measured with the Archi-
medes drainage method. Grafts were further assessed using
hematoxylin—eosin staining. The vascular density was
semi-quantitatively analyzed.

Statistical Analysis

Data for grafted fat volume and vascular vessel count were
analyzed, and differences among independent group aver-
ages were tested using the Chi-square test. All data anal-
yses were performed using SPSS software for Windows,
version 17.0 (SPSS, Inc., Chicago, IL, USA). Significance
was considered at a P value < 0.05.
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Results
PRP is Rich in Angiogenic Cytokines

During PRP preparation, nearly 1 ml of PRP was obtained
from a 10-ml blood sample. The concentrations of angio-
genic cytokines in blood and PRP are shown in Table 1.
VEGF-1 and VEGF-2 concentrations were twofold higher
in the PRP group than in the control group; however, the
differences were not significant. The EGF level was 1.13-
fold higher in the PRP group than in the control group.

PRP Improves the Proliferation of Human ADSCs
In Vitro

As shown in Fig. 1, PRP can significantly increase ADSCs
proliferation, and the effect tends to be dose-dependent
(P = 0.017). In particular, ADSCs cultured using a med-
ium supplemented with 30% PRP showed a 25% increase
in proliferation at day 5 (P = 0.012).

PRP and ADSCs Improve Adipose Tissue Survival
After Lipofilling In Vivo

At 12 weeks after lipofilling, the grafts had a soft texture in
all groups, with smooth surfaces and clear boundaries. No
chromatosis, rupture, or edema was found.

The maintained volume decreased with time in the
control and PRP groups (Fig. 2a). No significant difference
was observed for mice that received ADSCs-assisted
lipofilling at different time points (P = 0.21). At 12 weeks
after lipofilling, the volume of grafts decreased to 43.60%
in the control group. The addition of PRP and ADSCs
significantly increased the survival of grafted fat. At
12 weeks after lipofilling, the mean volumes of grafts were
0.56, 0.67, and 0.77 ml in the control, PRP, and ADSC
groups, respectively. The survival volumes were 19.15 and
36.17% higher in the PRP and ADSCs groups, respectively,
when compared to the volume in the control group. In
particular, the volume of grafts in the ADSC group was the
highest at all time points.

The effect of additional PRP on fat survival was
observed from the fourth week. PRP-assisted lipofilling

Table 1 Concentration of VEGF-1, VEGF-2 and EGF in blood
sample and platelet-rich plasma

Blood (ng/ml) PRP (ng/ml) P
VEGF-1 0.33 (£ 0.19) 0.69 (£ 0.25) 0.125
VEGF-2 0.41 (£ 0.24) 0.99 (£ 0.33) 0.091
EGF 345.90 (£ 30.12) 389.77 (£ 25.06) 0.087
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Fig. 1 Effects of different volume fractions of platelet-rich plasma
(PRP) on the proliferation of adipose-derived stem cells (ADSCs). A
significant difference is observed between the 30% PRP group and the
control group on the fifth day of cell culture. *P < 0.05

showed a dose-dependent relationship (Fig. 2b). At all time
points, no significant difference was observed between the
10% PRP group and the control group. However, with 20%
PRP, increased fat survival was observed from the fourth
week (P = 0.015). In addition, no significant difference
was observed between the 20 and 30% PRP groups at all
time points. These data suggested that 20% PRP might be
the most suitable concentration for fat grafting.

Results of the Ultrasound Examinations

Ultrasound images of grafted fat in all groups were similar
across all time points (Fig. 3a). A capsule was noted in all
groups 4 weeks after lipofilling. Fat necrosis was noted in
all groups, with an average rate of 47% (Fig. 3b, c¢).
Specifically, the rates of fat necrosis in the control, PRP,
and ADSCs groups were 45, 55, and 45%, respectively.

PRP and ADSCs Can Improve Neovascularization

In histological images, fibrous connective tissue was
observed in all groups (Fig. 4). No significant difference
was observed among the groups, and the median fibrous
connective tissue area was 9.47%.

Neovascularization is the key factor for adipose tissue
survival. Angiogenesis was semi-quantified, and the results
are shown in Fig. 5. The vascular density in all groups
increased with time. At all time points, vascular density
was the lowest in the control group and the highest in the
ADSCs group. For the PRP and ADSCs groups, no sig-
nificant difference in neovascularization was noted, except
at the eighth week.

The dose-dependent effect of PRP is shown in Fig. 5b.
10% PRP can significantly improve neovascularization at
long-term observation. 20 and 30% PRP can significantly
improve neovascularization at the fourth week after
injection. Similar to the findings for fat survival, no sig-
nificant difference was observed between 20 and 30% PRP
at all time points.
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Fig. 2 Maintained volume of grafted fat in different groups. a The
maintained volume of grafted fat in the control, adipose-derived stem
cells (ADSCs), and platelet-rich plasma (PRP) groups. ADSCs and
PRP significantly increase the maintained volume of grafted fat.

Conclusions

PRP-assisted and ADSCs-assisted lipofilling can improve
the volume maintenance and angiogenesis of grafted fat
significantly at 2-12 weeks after lipofilling. We believe
that 20% PRP is a preferable concentration for lipofilling,
as 20% PRP had similar vascularization when compared to
that with ADSCs enhancement. Considering clinical
accessibility and safety, 20% PRP-assisted lipofilling is a
preferable approach for soft tissue augmentation.

Discussions

Insufficient neovascularization was the main limitation for
fat survival. To improve neovascularization, many tech-
niques have been reported. Among all the approaches,
ADSCs-assisted lipofilling has shown promising results.
The multi-potential differentiation of ADSCs allows dif-
ferentiation into adipocytes and endothelial cells to
increase fat survival and vascularization of grafted fat
[16, 17]. ADSCs can also secret angiogenic and anti-
apoptotic factors to improve cell survival and reduce post-
injury fibrogenesis [18, 19]. Kglle et al. have shown that
the residual volume of ADSCs-assisted lipofilling was
80.9% at 121 days after injection, while that of conven-
tional fat grafting was 16.3% (P < 0.0001) [9]. In our
study, after 3 months of lipofilling, the residual volume of
ADSCs-assisted lipofilling was 76.8% and that of control
lipofilling was 56.4%. The residual volume was approxi-
mately 10% higher in the ADSCs group than in the control
group at 2 weeks after injection and approximately 20%
higher in the ADSCs group than in the control group at
12 weeks after injection. Vascular density was also greater
in the ADSCs group than in the other groups at 4-8 weeks
after injection, which indicates that ADSCs effectively
improved volume maintenance and vascularization of
grafted fat.
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b The maintained volume of grafted fat in different volume fractions
of PRP. The 20 and 30% PRP show similar outcomes. *P < 0.05,
##P < (0.01

In the ADSCs group, we added 2 x 10° cells for 1 ml of
fat, which is approximately 200 times the physiological
concentration [20, 21]. However, in clinical practice, the
in vitro amplification of ADSCs requires approval from the
state. Food and Drug Administration, and no standard
practice for stem cell amplification is currently available.
Additionally, in clinical practice, the in vitro amplification
of ADSCs needs a high tissue source content and a waiting
period of 10-15 days. Furthermore, studies on the onco-
logical safety of ADSCs remain controversial [22]. In basic
studies, the promotion of proliferation and metastasis and
the inhibiting effect of tumor growth were both observed
[23, 24]. Meanwhile, multiple prospective and retrospec-
tive studies have also reported increased and non-increased
locoregional recurrence [25, 26]. The oncological safety of
ADSCs-assisted lipofilling remains the main obstacle for
clinical use, especially in women with breast cancer.

Autologous ADSCs and PRP are both promising bio-
logical supplements for fat grafting. Our study also
demonstrated that ADSCs-assisted lipofilling is superior to
PRP-assisted lipofilling in terms of improved fat survival
and neovascularization. However, concerns about the
oncological safety of ADSCs have limited its clinical
usage. Therefore, PRP is a promising alternative to
ADSCs.

The effects of PRP for improving angiogenesis and
supporting proliferation of ADSCs have been reported in
some studies [27-30]. Autologous PRP is also proposed as
a biological supplement for skin wound healing, bone
defects, and soft tissue augmentation [28, 29]. Previous
studies have demonstrated that PRP can interact with
ADSCs and have a synergistic effect on vascularization
[30]. Our study showed that PRP is rich in angiogenic
growth factors, and the levels were comparable to those in
blood. These angiogenic and proliferation-promoting
effects are important for fat graft survival. In addition, PRP
is also thought to provide elementary nutrients and inhibit
the apoptosis of adipocytes and preadipocytes [31].
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Fig. 3 Ultrasonogram and gross appearance of lipofilling. a The ultrasonogram of lipofilling at different time points. The capsule can be found in
all groups. b The gross appearance of fat grafting showing fat necrosis. ¢ The ultrasonogram of fat necrosis and cysts

However, the effect of PRP on ADSCs differentiation was
debatable. The improved and decreased differentiation
ability of ADSCs were both reported in studies [32-34].
Thus, more studies are needed to clarify the effect of PRP
on ADSCs differentiation.

The optimal dose of PRP for lipofilling is under debate.
In our study, volume maintenance and vascularization of

grafted fat increased with an increase in the dose of PRP,
exhibiting a dose-dependent effect. However, the volume
maintenance and neovascularization of 20% PRP and 30%
PRP were similar, suggesting that a higher concentration
did not increase vascularization and fat survival. Our
study’s finding was similar to that of Li et al.’s study that
also reported no significant difference between the 20 and
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Fig. 4 Histological
characteristics of platelet-rich
plasma-assisted and adipose-
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Fig. 5 Vessel density of the platelet-rich plasma (PRP)-assisted and
adipose-derived stem cell (ADSCs)-assisted lipofilling. a The vessel
density of the PRP-assisted and ADSCs-assisted lipofilling at
different time points. ADSCs-assisted lipofilling can significantly
increases the angiogenesis of lipogenesis. No difference is observed

30% PRP-assisted lipofilling [33]. Results of in vitro assays
have also indicated the greatest proliferative effect of 20%
PRP when compared with 10 and 30% PRP [34, 35]. Based
on our data, for 100-ml lipofilling, 20-ml PRP or 200-ml
fresh blood is needed to achieve improved aesthetic out-
comes, which can be easily acquired from the patient.
Apart from clinical availability, when compared with other
cell supplements or growth factors, PRP has many advan-
tages, including easy preparation, no waiting time, and low
cost. In our study, we used a single-dose strategy for
adding PRP. Further studies are required to assess whether
sustained growth factor release could provide better
outcomes.

To increase neovascularization, multi-channel and
multi-direction injections are needed in clinical practice to
ensure an increased surface-volume ratio [36]. However,
the structure of subcutaneous tissue in mice is different
from that in humans. We used a single channel injection,
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between the PRP-assisted and ADSCs-assisted lipofilling at the 2, 4,
and 12 weeks. b The vascularization of lipofilling under a different
volume fraction of PRP. The 20 and 30% PRP have a similar
angiogenic effect. *P < 0.05, **P < 0.01

which is likely to result in a low surface-volume ratio and
high fat necrosis. The injection method may contribute to
the high fat necrosis rate in an animal study.
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