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The Effects of Platelet-Rich Plasma on Cell Proliferation
and Adipogenic Potential of Adipose-Derived Stem Cells

Han Tsung Liao, MD, PhD,1,2 Isaac B. James, MD,1,3 Kacey G. Marra, PhD,1,4,5 and J. Peter Rubin, MD1,4,5

Background: Platelet-rich plasma (PRP) contains multiple growth factors and has been shown to enhance fat graft
survival after lipotransfer. However, the molecular mechanisms mediating this effect remain unknown. Adipose-
derived stem cells (ASCs) play an important role in fat graft survival and are a likely target for PRP-mediated
effects. This study seeks to investigate the impact of PRP on ASC proliferation and adipogenic differentiation.
Methods: Human ASCs were isolated using our laboratory protocol. The experiments were divided into four arms:
(1) ASCs cultured in general culture medium alone; (2) ASCs in general culture medium + 5%, 10%, 15%, or 20%
PRP; (3) ASCs cultured in adipogenic differentiation medium alone; (4) ASCs cultured in adipogenic medium
+ 5%, 10%, 15%, or 20% PRP. Cell proliferation was analyzed and comparative m-RNA expression of adipogenic
genes was assessed by quantitative PCR. Protein expression was determined by western blot.
Results: PRP significantly enhanced proliferation of ASCs, even in the presence of antiproliferative, proadipogenic
media. In contrast, PRP inhibited adipogenic differentiation in adipogenic media, evidenced by decreased intra-
cellular lipid accumulation and reduced adipogenic gene expression (PPAR-g and FABP4). Inhibition appears to
occur through downregulation of bone morphogenetic protein receptor IA (BMPRIA) and fibroblast growth factor
receptor 1 (FGFR1). Interestingly, PRP elicited these effects across the entire range of doses studied.
Conclusions: PRP appears to modulate ASC function primarily by enhancing cell proliferation. The consequences
of its impact on adipogenesis are less clear. Enhanced proliferation initially might set the stage for more robust
regeneration and adipogenesis at later time points, providing an important target for ongoing research.

Introduction

Fat grafting allows the restoration of form and
function for a wide range of soft tissue defects, such as

those derived from traumatic injury, tumor extirpation, and
congenital deficiency. Although numerous fillers and implants
have been developed, autologous fat grafting remains a gold
standard for small to medium-sized defects, averting the
problems with immunogenicity seen in many allo- or xeno-
derived biologic materials, while avoiding the chronic in-
flammatory and infectious challenges of foreign materials.
Moreover, fat grafting provides a texture and aesthetic closer to
that of normal soft tissue. As a material, which can be obtained
with minimal morbidity, aspirated fat is an ideal candidate to
provide volume for contouring. However, currently, long-term
volume retention varies widely (from 30% to 70%), requiring

surgeons to subject patients to multiple operations and staged
procedures.1,2 Other disadvantages include fat necrosis, cal-
cifications, and oil cyst formation, which further limit the
consistency of long-term results. Fortunately, these challenges
can be largely overcome by optimizing fat graft survival.

Cell-assisted lipotransfer (CAL), popularized by Yoshimura
et al., was one of the first steps attempting to address this
problem.3,4 CAL involves isolating cells from the adipose-
derived stem cell (ASC)-rich stromal vascular fraction (SVF),
a fraction rich in ASCs, and adding them back to lipoaspirate.
However, objective data were limited until a relatively recent
trial by Kolle et al.5 demonstrated enhanced retention when
cultured ASCs, rather than isolated SVF cells, were used to
augment grafted fat. In this context, ASCs appear to enhance
fat graft survival both through differentiation and through se-
cretion of angiogenic growth factors. Yet, current techniques
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are far from optimization, and obtaining FDA approval is a
major hurdle for stem cell-based therapies.

A promising alternative, platelet-rich plasma (PRP), con-
tains multiple angiogenic growth factors, such as platelet-
derived growth factor (PDGF), transforming growth factor
beta (TGF-b), epidermal growth factor (EGF), vascular en-
dothelial growth factor (VEGF), and fibroblast growth factor
(FGF), and has been demonstrated to enhance proliferation of
ASCs in vitro and in vivo6–9 while improving the overall graft
survival.8–16 Interestingly, inhibition of VEGF impairs both
fat graft retention and adipogenic differentiation, whereas
inhibition of adipogenesis impairs angiogenesis.17,18 Al-
though PRP concentration has been found to impact regen-
erative ability in a variety of other tissue types,19 it has not
been well studied in the context of fat grafting. To better
understand the role PRP plays in fat graft survival, we ex-
amined the impact of PRP concentration on ASC prolifera-
tion and adipogenesis in vitro and attempted to probe the
underlying molecular mechanisms involved. We hypothe-
sized that concentrations of PRP up to 20% in media would
enhance human ASC proliferation and differentiation in
short-term cell culture in a dose-dependent fashion.

Materials and Methods

Preparation of PRP lysate

PRP grade concentrated platelets (greater than 1.0 · 106

platelets/mL) were purchased from HemaCare (Van Nuys,
CA). A freeze–thaw–freeze cycle was used to collect growth
factors within PRP as has been described in the litera-
ture.20,21 PRP samples were stored at -80�C for 24 h, re-
warmed for 1 h in a 37�C water bath, and then returned to
-80�C for another 24 h. The refrozen PRP was then thawed
and centrifuged at 2000 g for 10 min. Sterile growth factor-
containing lysate was obtained by filtering the supernatant
through a 0.22 mm sterile filter. This solution was split into
5 mL aliquots and stored at -80�C.

Growth factor analysis

The PDGF-AB and TGF-b1 concentration in PRP lysate
were quantitatively analyzed with a Quantikine Enzyme-
Linked Immunosorbent Assay (ELISA) Kit as per the man-
ufacturer’s protocol. Standard and samples were added to
96-well microliter plates coated with PDGF-AB and TGF-b1
receptor. Polyclonal antibodies conjugated to horseradish
peroxidase and targeted to PDGF-AB or TGF-b1 were used
to visualize binding through a chromogen reaction. The re-
sults are expressed as mean – 1 standard deviation (SD).

Human subjects

Adipose tissue was harvested from the abdomen of three
human female adult patients undergoing elective liposuction
and cosmetic contouring of the trunk. Mean – SD age of the
patients was 31.4 – 11.8 years and mean – SD body mass
index was 30.3 – 8.6. All patients were healthy and nondi-
abetic. Adipose tissue collection was approved by the Uni-
versity of Pittsburgh Institutional Review Board. All patients
provided written informed consent before the study.

ASC isolation

Primary human ASCs were isolated from adipose tissue
as described previously.22,23 Briefly, adipose tissue was di-

gested in collagenase solution (type II; Worthington Bio-
chemical Corp., Lakewood, NJ) with gentle shaking in a
37�C water bath for *30 min. The digested tissue was
centrifuged at 180 g for 10 min and then filtered to remove
large debris. Next, the cellular pellet (SVF) was resuspended
in erythrocyte lysis buffer and centrifuged at 180 g for 10 min.
The SVF was plated and cultured on Falcon 175-cm2 tissue
culture-treated flasks (#353112; Corning Life Sciences,
Oneonta, NY) in general ASC culture medium (Dulbecco’s
modified Eagle’s medium/nutrient mixture F12 [DMEM],
10% fetal bovine serum [FBS], 1% penicillin/streptomycin,
1% fungizone [Bristol-Myers Squibb, New York, NY]).
Following overnight incubation, nonadherent cells were
removed and the cell medium was replaced with fresh
plating medium. Afterward, ASCs were expanded to near
confluence (passage 0), harvested, frozen, and then stored at
-80�C until use. Passage 0 or passage 1 (P0 or P1) cells
were used to test the effect of PRP lysate on ASC prolif-
eration and adipogenesis. Five hundred cells per well were
seeded on 96-well plates for the cell proliferation assay, and
1.0 · 106 cells per well (1.05 · 105 per cm2) were seeded on
6-well plates for the adipogenesis, quantitative PCR
(qPCR), and western blot assays. For analysis of dose–effect
of PRP lysate on ASCs under general culture medium
and adipogenic medium, the experiments were grouped as
follows: Group IA: general culture medium containing
DMEM +10% FBS (C); Group IB: adipogenic differentia-
tion medium (Zen-Bio, Inc., Research Triangle Park, NC)
(A), Group IIA: general culture medium +5% PRP lysate
(C5P); Group IIB: adipogenic differentiation medium +5%
PRP lysate (A5P), Group IIIA: general culture medium +10%
PRP lysate (C10P); Group IIIB: adipogenic differentiation
medium + 10% PRP lysate (A10P), Group IVA: general
culture medium + 15% PRP lysate (C15P); Group IVB:
adipogenic differentiation medium + 15% PRP lysate
(A15P), Group VA: general culture medium + 20% PRP
lysate (C20P); and Group VB: adipogenic differentiation
medium + 20% PRP lysate (A20P). Media were replaced
every other day for 7 days in all groups.

Proliferation assay

Cells (P0-P1) were seeded in triplicate in 96-well
plates at a density of 500 cells per well. Cell proliferation
was measured using the CyQUANT Cell Proliferation
Assay Kit (Invitrogen, Grand Island, NY) according to
the manufacturer’s instructions. Relative fluorescence
was measured using a Tecan SpectraFluor Plus microplate
reader (A/E 508/527 nm) (Tecan Group, Ltd., Mannedorf,
Switzerland). Morphology was assessed by microscopic
examination at 40·.

Adipogenesis assay

Cells (P0-P1) were seeded on six-well plates as de-
scribed above and cultured overnight at 37�C. Media were
replaced every other day for 7 days, and ASC differentia-
tion was quantified by AdipoRed (Lonza Walkersville, Inc.,
Walkersville, MD) fluorescent staining of intracellular lipid
accumulation. Fluorescence was observed using a Nikon
T100 fluorescent microscope, and ImageJ software was
used to measure relative fluorescent intensity with 10 re-
peats per group.
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Quantitative real-time PCR

Total RNA was isolated using an RNeasy Mini Kit (Qiagen
USA, Valencia, CA) according to the manufacturer’s protocol.
cDNA was prepared using the SuperScript� III Reverse
Transcriptase Kit (Life Technologies, Carlsbad, CA). Primer
sequences for PPAR-c, FABP4, FGF receptor 1 (FGFR1), and
bone morphogenetic protein receptor IA (BMPRIA) were
designed using Oligo 6.0 (Molecular Biology Insights, Inc.,
Cascade, CO). qPCR was performed using the SYBR Green I
Supermix in an iCycler iQ5 real-time detection system (Bio-
Rad Laboratories, Inc., Hercules, CA). PCR specificity was
assessed by melting curve analysis. b-actin served as the in-
ternal control, and the expression of each gene was evaluated
in duplicate with three experimental repeats.

Western blot protein assays

Cells were rinsed with ice cold phosphate-buffered saline,
and total protein extracts were obtained using M-PER Mam-
malian Protein Extraction Reagent (Thermo Fisher Scientific,
Inc., Waltham, MA). Protein concentrations were measured
using a BCA Protein Assay Kit (Pierce, Rockford, IL). Ten
micrograms of protein extracts were subjected to SDS-PAGE
using the NuPAGE electrophoresis system (Invitrogen, Carls-
bad, CA). Proteins were transferred to polyvinylidene difluoride
membranes using the iBlot Dry Blotting System (Invitrogen,
Carlsbad, CA) as per the manufacturer’s protocol. Membrane
blocking and immunodetection of proteins were performed
using a WesternBreeze Chemiluminescent Detection Kit, anti-
rabbit with a secondary solution of alkaline phosphatase-
conjugated anti-FABP4 antibody (Invitrogen, Carlsbad, CA).
b-actin served as internal control. The resulting protein bands
were quantified by volume summation of pixels using ImageJ.

Statistics

All graphed data are reported as mean – 1 SD. One-way
ANOVA with Tukey’s post hoc testing was conducted to

assess differences between groups. p < 0.05 was considered
statistically significant.

Results

Characterization of PRP and concentration
of growth factors

PRP samples (n = 3) had a mean platelet concentration >
million/mL. The concentrations of PDGF-AB and TGF-b1
were 257.8 – 27.3 ng/mL and 89.8 – 8.8 ng/mL, respectively.

Cell proliferation and morphology

Growth-promoting effects on ASCs were seen in the PRP
plus culture media group when compared to media alone
with greatest effects seen after 7 days, yet the concentration
of PRP in culture media did not significantly impact the
growth-promoting activity (Fig. 1). Although the temporal
increase from day 1 to 7 was blunted in adipogenic media,
the addition of PRP restored the pattern documented with
general media+PRP, although the magnitude was reduced
somewhat (Fig. 2). Additionally, microscopic examination
revealed a smaller cell size and more elongated morphology
in all groups receiving PRP. The morphology of cells in the
adipogenic medium alone became broader and rounder with
accumulation of intracellular lipid droplets (Fig. 3).

Adipogenic assay

To determine if PRP could enhance ASC adipogenic
potential, cells were cultured under adipogenic medium plus
different concentrations of PRP (0%, 5%, 10%, 15%, and
20%). Intracellular accumulation of multiple lipid droplets
was seen in the adipogenic medium group (Fig. 3). How-
ever, no intracellular lipid droplets were seen in the PRP
plus adipogenic medium group or the general culture me-
dium control (Fig. 3). This was true across all concentrations
of PRP studied. Similarly, relative fluorescent intensity was

FIG. 1. The effect of platelet-rich
plasma (PRP) on adipose-derived
stem cell (ASC) proliferation in
general culture medium (C), C5P
(C+5% PRP), C10P (C+10% PRP),
C15P (C+15% PRP), and C20P
(C+20% PRP) at days 1, 3, 5, and
7. # indicates D7 > D1, D3, and D5
at each group ( p < 0.05); $ indi-
cates D7 at each group > D7 at
C group ( p < 0.05); & indicates
D5 > D1 and D3 at each group
( p < 0.05); * indicates D7 > D1 and
D3 at C group ( p < 0.05). Color
images available online at www
.liebertpub.com/tea
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significantly higher in the adipogenic medium only group
than in the PRP or general medium only groups (Fig. 4).

Quantitative PCR

To further confirm the result of the differentiation assay,
adipogenic-specific mRNA expression was analyzed. PPAR-c
and FABP4 were expressed at significantly higher levels in
adipogenic medium when compared to groups with PRP or
general culture media alone (Fig. 5A, B). To further inves-
tigate the inhibitory effect of PRP on ASC adipogenesis, we
evaluated the major signaling pathways mediating adipogenic
differentiation (FGFR and BMPR) by qPCR. FGFR1 and
BMPRIA mRNA expression was significantly lower in gen-
eral culture medium and PRP groups (Fig. 5C, D).

Western blot

Western blot demonstrated upregulation of FABP4 in
adipogenic medium alone, but not in the PRP or general
culture medium groups (Fig. 6).

Discussion

The fate of nonvascularized fat grafting is still contro-
versial. Long-term retention of fat graft occurs both due to
adipocyte survival within transplanted fat and by ASC adi-
pogenesis.24,25 Eto et al.25 found that transplanted fat grafts
can be divided into three zones. The outer 300mm forms the
peripheral zone and survives through plasma imbibition.
The central zone represents the innermost zone of the graft
where all adipocytes and progenitor cells die. In the inter-
mediate zone, adipocytes still die, but ASCs are able to
survive and regenerate, contributing to long-term tissue re-
modeling and fat retention. As such, ASCs are better able to
endure ischemic insult when compared to hematopoietic and
endothelial cells, meaning that they play a major role in fat
graft survival.

Other studies have demonstrated that adding additional
ASCs to fat grafts can enhance fat survival.3,4 This likely
arises through some combination of secreted proangiogenic
growth factors, which trigger early revascularization and
direct differentiation into new adipocytes and endothelial

FIG. 2. The effect of PRP on
ASC proliferation in adipogenic
medium (A), A5P (A+5% PRP),
A10P (A+10% PRP), A15P
(A+15% PRP), and A20P
(A+20% PRP) at day 1, 3, 5, and 7.
# indicates D7 > D1, D3, and D5 at
each group ( p < 0.05); $ indicates
D7 at each group > D7 at A group
( p < 0.05); & indicates D5 > D1
and D3 at each group ( p < 0.05);
*indicates D7 > D1 at A group
( p < 0.05). Color images available
online at www.liebertpub.com/tea

FIG. 3. AdipoRed staining
at 200· magnification show-
ing the intracellular lipid ac-
cumulation of ASCs, which
were cultured under general
culture medium (C), adipo-
genic medium (A), A5P
(A+5% PRP), A10P (A+10%
PRP), A15P (A+15% PRP),
and A20P (A+20% PRP).
Color images available
online at www.liebertpub
.com/tea
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FIG. 4. Quantitative relative fluorescent intensity measuring AdipoRed-stained intracellular lipid. Images at 200·
magnification. Color images available online at www.liebertpub.com/tea

FIG. 5. (A) The relative mRNA expression of the PPAR-c gene for A, A5P, A10P, A15P, and A20P as compared to C (general
culture medium). (B) The relative mRNA expression of the FABP4 gene of A, A5P, A10P, A15P, and A20P as compared to C (general
culture medium). (C) The relative mRNA expression of the bone morphogenetic protein receptor IA (BMPRIA) gene of A, A5P, A10P,
A15P, and A20P as compared to C (general culture medium). (D) The relative mRNA expression of the fibroblast growth factor
receptor 1 (FGFR1) gene of A, A5P, A10P, A15P, and A20P as compared to C (general culture medium). *indicates p < 0.05.
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cells. Yet, no studies with a high level of evidence had been
able to support this hypothesis until Kolle et al.5 reported
nearly fivefold greater volume retention, more mature adi-
pose tissue, more newly formed connective tissue, and fewer
necrotic zones in ASC-enriched fat grafts when compared to
controls. However, CAL techniques have yet to gain FDA
approval, making wide-spread clinical implementation un-
likely in the near future. A possible alternative might be to
stimulate proliferation of native ASCs within the target
tissue before grafting.

PRP is a highly promising candidate for promoting ASC
proliferation. a-granules within platelets contain multiple
growth factors, including PDGF, TGF-b, VEGF, and EGF.
A wide range of research has implicated PRP in improved
wound healing, bone regeneration, angiogenesis, ligament
regeneration, and the treatment of osteoarthritis.26–31 Re-
search has also demonstrated positive effects on fat graft
survival through enhanced angiogenesis and reduced in-
flammation, but this data have been limited to histology.
Gentile et al. found similar volume retention rates in fat
grafts enhanced with PRP (63%) as those enhanced with
SVF cells (69%), whereas the control group retained only
39%.32 The exact molecular mechanism has yet to be es-
tablished. Meanwhile, several studies in the orthopedic lit-
erature have demonstrated that treatment with PRP enhances
proliferation33 and reduces osteogenic, chondrogenic, and
adipogenic differentiation of synovial and bone marrow-
derived stem cells.34–36 We hypothesized that PRP similarly
enhances fat graft survival by accelerating ASC prolifera-
tion in a dose-dependent fashion.

Kakudo et al.7 found that 5% PRP optimally enhanced
ASC proliferation with the effect dissipating at concentra-
tions of 20%. Liu et al.6 demonstrated a similar growth
curve for ASCs in concentrations ranging from 5% to 15%
over the course of 7 days. 12.5% PRP had the highest
growth of any group. Cervelli et al.8 found that PRP en-
hanced ASC proliferation in a dose-dependent fashion from
0% to 50%. Amable et al.37 tested the dose-dependent effect
of PRP (1–30%) on ASC proliferation. They found that 1%
PRP was similar to 10% FBS, and ASC proliferation was
optimized at 10% PRP. Similarly, our results suggest that
5% PRP is sufficient to significantly enhance proliferation
and inhibit adipogenesis, even in adipogenic media. Taken
together, the data support the notion that PRP enhances fat
graft retention largely through ASC proliferation, even when
cells are placed in an adipogenic environment. The rela-
tively high concentration of the mitogens PDGF and TGF-b
in PRP could explain this effect. Our ELISA results support
this, demonstrating a high concentration of PDGF and TGF-
b in PRP lysate comparable to the reported values in the
literature.29,38–40

Although PRP can enhance ASC proliferation, the ques-
tion remains as to whether or not it enhances adipogenesis.
When fat grafts undergo ischemic stress and cells become
necrotic, ASCs are activated and begin to migrate, prolif-
erate, and differentiate into adipocytes, initially expressing
markers such as PPAR-c, then commencing intracellular
lipid accumulation. However, because the process of dif-
ferentiation consumes ASCs, proliferation is reduced by
default. As such, ASCs appear to be unable to pursue self-
renewal and adipogenic differentiation simultaneously. Our
results support this notion as adipogenesis was reduced
dramatically when PRP was present in the medium. The
addition of PRP to adipogenic medium dramatically reduced
intracellular lipid accumulation as measured by AdipoRed
staining, even at PRP concentrations as low as 5%. Simi-
larly, the early differentiation gene PPAR-c and the late
gene FABP4 exhibited dramatically reduced expression in
the PRP group. Although the Cervelli et al.8 reported that
PRP increased adipogenesis in the adipogenic medium, they
did not investigate concentrations greater than 5% PRP.
Moreover, the difference from adipogenic media alone was
less than twofold at 6 days and could potentially be ex-
plained by a dose-related effect at lower concentrations of
PRP. In our study, however, PPAR-c was suppressed by 30-
fold any time PRP was added to the adipogenic medium.
PRP suppressed the late gene FABP4 even more potently, a
finding we corroborated by western blot. Similarly, Amable
et al.37 found that adipogenesis of ASCs was inhibited by
PRP concentrations as low as 1%. In summary, gene ex-
pression, protein expression, and phenotype data all suggest
that PRP inhibits ASC differentiation and adipogenesis in
adipogenic environments, instead of shifting cellular re-
sources toward proliferation.

Based on these findings, we decided to investigate the
mechanism of PRP inhibition on ASC adipogenesis in more
detail. The major components of growth factors within PRP
are PDGF, TGF-b1, EGF, and VEGF. TGF-b1 has been
demonstrated to inhibit adipogenesis in bone marrow mes-
enchymal progenitor cells through the target gene connec-
tive tissue growth factor.41,42 EGF and PDGF are also
reported to inhibit adipocyte conversion due to reduced
PPAR-c transcription through action on the mitogen-
activated protein kinase (MAPK) cascade. Moreover, VEGF
primarily promotes angiogenesis, not adipogenesis. As such,
the cocktail of growth factors within PRP seem to promote
cell proliferation while inhibiting ASC differentiation by
downregulation of BMPRIA and FGFR1, the key receptors
mediating adipogenesis. Whitehead and coworkers43,44

found that pharmacological inhibition or total knockdown of
FGFR1 inhibited PPAR-c expression and adipogenic dif-
ferentiation in preadipocytes. Huang et al.45 showed that
BMP can commit preadipocytes to adipocyte lineages
through BMPRIA receptor using either the Smad or p38
MAPK pathway. Therefore, we analyzed the correlation
between FGFR1/BMPRIA expression and adipogenesis in
PRP-treated groups and found that PRP suppresses ASC
expression of both genes in a dose-dependent manner when
added to adipogenic medium. In summary, our data suggest
that PRP inhibits adipogenesis, at least in part, by down-
regulating expression of FGFR1 and BMPRIA receptors.

Although our data provide a detailed examination of
several mechanisms by which PRP enhances the regenerative

FIG. 6. Protein expression of FABP4 demonstrated by
Western blot at C, A, A5P, A10P, A15P, and A20P.
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capacity of ASCs, this study is not without limitations.
Assessments were performed in vitro, and corroboration of
these findings in in vivo models is the target of ongoing
research. Moreover, because we did not test PRP doses
lower than 5%, comparison to prior articles using 1% and
2.5% is limited. Finally, we cannot say for certain that
PDGF and TGF-b are the primary factors responsible for the
proliferative effects seen without testing for effect reversal
using anti-PDGF or anti-TGF-b antibodies.

Nevertheless, our data suggest that PRP exhibits its pri-
mary effects on ASCs through enhanced proliferation, not
adipogenesis, even when cells are placed in an adipogenic
environment (Fig. 7A). This effect was present across the
entire dose range tested and is most likely mediated through
suppression of FGFR1 and BMPRIA (Fig. 7B). Our data
also suggest a possible mechanism by which PRP enhances
fat graft survival. Initially, when PRP is mixed with fat graft
and activated through thrombin or calcium chloride, multi-
ple growth factors are released and abruptly stimulate pro-
liferation of ASCs within the graft. The larger population of
ASCs postproliferation can then participate in further
hormone production and differentiation into adipocytes or
endothelial cells after the PRP and associated hormones are
resorbed (usually within a week). As such, supplementa-
tion with PRP would be particularly valuable when ade-
quate fat is difficult to obtain or when fewer ASCs are
available to enhance grafting than would be desired. Un-
derstanding the means by which PRP enhances ASC-
mediated regeneration will provide insight into enhancing
fat graft survival and could have important applications in
future clinical practice.
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