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IMPORTANCE Adipose-derived mesenchymal stem cells (ASCs) have been used commonly in
regenerative medicine and increasingly for head and neck surgical procedures. Lipoaspiration
with centrifugation is purported to be a mild method for the extraction of ASCs used for
autologous transplants to restore tissue defects or induce wound healing. The content of
ASCs, their paracrine potential, and cellular potential in wound healing have not been
explored for this method to our knowledge.

OBJECTIVE To evaluate the characteristics of lipoaspirates used in reconstructive head and
neck surgical procedures with respect to wound healing.

DESIGN, SETTING, AND PARTICIPANTS This case series study included 15 patients who received
autologous fat injections in the head and neck during surgical procedures at a tertiary referral
center. The study was performed from October 2017 to November 2018, and data were
analyzed from October 2017 to February 2019.

MAIN OUTCOMES AND MEASURES Excessive material of lipoaspirates from subcutaneous
abdominal fatty tissue was examined. Cellular composition was analyzed using
immunohistochemistry (IHC) and flow cytometry, and functionality was assessed through
adipose, osteous, and chondral differentiation in vitro. Supernatants were tested for
paracrine ASC functions in fibroblast wound-healing assays. Enzyme-linked immunosorbent
assay measurement of tumor necrosis factor (TNF), vascular endothelial growth factor
(VEGF), stromal-derived factor 1α (SDF-1α), and transforming growth factor β3 (TGF-β3) was
performed.

RESULTS Among the 15 study patients (8 [53.3%] male; mean [SD] age at the time of surgery,
63.0 [2.8] years), the stromal vascular fraction (mean [SE], 53.3% [4.2%]) represented the
largest fraction within the native lipoaspirates. The cultivated cells were positive for CD73
(mean [SE], 99.90% [0.07%]), CD90 (99.40% [0.32%]), and CD105 (88.54% [2.74%]);
negative for CD34 (2.70% [0.45%]) and CD45 (1.74% [0.28%]) in flow cytometry; and
negative for CD14 (10.56 [2.81] per 300 IHC score) and HLA-DR (6.89 [2.97] per 300 IHC
score) in IHC staining; they differentiated into osteoblasts, adipocytes, and chondrocytes.
The cultivated cells showed high expression of CD44 (mean [SE], 99.78% [0.08%]) and
CD273 (82.56% [5.83%]). The supernatants were negative for TNF (not detectable) and
SDF-1α (not detectable) and were positive for VEGF (mean [SE], 526.74 [149.84] pg/mL for
explant supernatants; 528.26 [131.79] pg/106 per day for cell culture supernatants) and
TGF-β3 (mean [SE], 22.79 [3.49] pg/mL for explant supernatants; 7.97 [3.15] pg/106 per day
for cell culture supernatants). Compared with control (25% or 50% mesenchymal stem cell
medium), fibroblasts treated with ASC supernatant healed the scratch-induced wound faster
(mean [SE]: control, 1.000 [0.160]; explant supernatant, 1.369 [0.070]; and passage 6
supernatant, 1.492 [0.094]).

CONCLUSIONS AND RELEVANCE The cells fulfilled the international accepted criteria for
mesenchymal stem cells. The lipoaspirates contained ASCs that had the potential to
multidifferentiate with proliferative and immune-modulating properties. The cytokine profile
of the isolated ASCs had wound healing–promoting features. Lipoaspirates may have a
regenerative potential and an application in head and neck surgery.

LEVEL OF EVIDENCE NA.
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F or more than a century, fat grafts have been used in
plastic surgery.1 In reconstructive and aesthetic pro-
cedures, autologous adipose tissue is frequently used

as a filler material.2-4 Although volume decreases over time
owing to the resorption of the transplanted material, the
regenerative wound-healing aspect of the autologous adi-
pose grafts after radiotherapy and in other wound-healing
disorders is a major topic in clinical and experimental
medicine.5-7 The underlying mechanisms including the
actual cellular composition of grafts, however, remain not
yet fully examined. Mesenchymal stem cells are nonhema-
topoietic, pluripotent progenitor cells.8 These cells were
first isolated from the bone marrow in 1970.9 Later, cells
with similar properties were shown to reside in various tis-
sues and organs, such as adipose tissue, umbilical cord
matrix, synovial membrane, and dental tissues.10,11 A major
advantage of the isolation of mesenchymal stem cells from
adipose tissue is the uncomplicated acquisition of cells by
liposuction or resection from subcutaneous fat tissue.12 Fat-
derived mesenchymal stem cells are termed adipose-
derived mesenchymal stem cells (ASCs) and can be
expanded from liposuction material.13,14 In 2006, the Inter-
national Society for Cellular Treatment (ISCT) proposed
minimal criteria for mesenchymal stem cells: the cells
should adhere to plastic under standard culture conditions;
be highly pure for the specific markers CD73, CD90, and
CD105; and be negative for CD45, CD34, CD14 or CD11b,
CD79α or CD19, and HLA-DR. Furthermore, ASCs must pos-
sess multilineage differentiation ability into adipocytes,
osteocytes, and chondrocytes.8 Except for the ISCT criteria
markers, the following markers were chosen for the present
study: CD44 as a general stem cell marker,11 CD273 as an
immune checkpoint marker,15 CD31 as an endothelial
marker,16 CD36 as an adipocyte marker,17 and epithelial cell
adhesion molecule (EpCAM) as a marker for epithelial
differentiation.18

Several studies have shown that ASCs promote wound
healing in vitro19 and in animal models for vocal cord injury
and impaired wound healing.20,21 These characteristics are
largely associated with soluble growth factors and cytokines
secreted by ASCs, such as vascular endothelial growth factor
(VEGF), tumor necrosis factor (TNF), stromal-derived factor
1α (SDF-1α), and transforming growth factor β3 (TGF-β3), which
modulate various aspects of the wound-healing process,22 in-
cluding neovascularization, inflammation, homing of stro-
mal cells, and the inhibition of fibrosis.

In contrast to fat transfer procedures (eg, breast augmen-
tation) in plastic surgery using large amounts of lipoaspi-
rates, only small volumes of lipoaspirates are required in head
and neck surgical procedures. The volumes of lipoaspirate that
are needed for procedures like vocal fold augmentation typi-
cally amount to a few milliliters.12 This information high-
lights the need for new minimally invasive fat harvesting tech-
niques. However, important factors for the clinical outcome
include the amount and viability of ASCs as well as their se-
cretory activity.

In this study, we aimed to characterize lipoaspirate
samples acquired from 15 patients using a new atraumatic

device for liposuction and injection. The present study
focused on ASC content and wound-healing properties of
the isolated cells. We assessed multilineage differentiation
and migration capacities.

Methods
This experimental study included samples from patients who
underwent elective surgeries for autologous fat grafting to the
head and neck area at a tertiary referral center. All samples were
obtained after written informed consent during routine sur-
gical procedures, and the study was approved by the Ethik-
kommission des Klinikums der Universität München ethics
committee.

Patient samples were obtained from the abdominal fat tis-
sue. A thin liposuction cannula (Spiggle & Theis) was in-
serted through a small incision to harvest approximately 15 mL
of lipoaspirate material. Lipoaspirates then underwent cen-
trifugation, and only the stromal-vascular fraction (SVF) was
transferred to 1-mL syringes for further injection. Explant cul-
tivation and isolation of ASCs were performed as described
previously.23

Immunohistochemistry and Fluorescent Staining
of Lipoaspirates
For immunofluorescence staining, slides were incubated for
1 hour at room temperature in darkness with Alexa Fluor 594
goat anti-mouse IgG (H+L) conjugate (Molecular Probes Inc) and
mounted with ProLong Diamond Antifade Mountant with 4′,6-
diamidino-2-phenylindole (Invitrogen; Thermo Fisher Scien-
tific). Confocal microscopy images were recorded with a TCS-
SP5 system (Leica Microsystems).

Immunophenotyping of ASCs
To assess the immunophenotype of the ASCs, cell culture pas-
sage 2 and passage 6 ASCs were trypsinized, washed in flow
cytometry buffer, and incubated with conjugated antibodies
or the respective isotype control antibodies for 1 hour at 4 °C
in darkness. Cells were then washed 3 times and resus-
pended in 500 μL flow cytometry buffer. Fluorescence
was analyzed by flow cytometry in a CYTOflex instrument
(Beckman Coulter).

Key Points
Question What is the composition of lipoaspirates used for
lipotransfer in the head and neck, and what is their potential for
wound healing in vitro?

Findings In this case series study of lipoaspirate samples obtained
from 15 patients, adipose-derived mesenchymal stem cells were
found in high purity and were able to multidifferentiate. The
adipose-derived stem/stromal cells and their supernatants had
proliferation- and immune-modulating properties in vitro.

Meaning The findings suggest that lipoaspirates contain a
concentration of adipose-derived stem/stromal cells that can be
used for regenerative head and neck surgical procedures.
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Differentiation Assay
For adipogenic and osteogenic differentiation, passage 2 ASCs
were seeded in 6-well plates (2 × 105 cells per well) and cul-
tured in mesenchymal stem cell medium (MSCM) for 2 days
to reach confluency. The medium was then replaced with the
respective differentiation medium. Cells were cultivated for
2 weeks, and medium was changed 3 times per week.

Adipogenic differentiation was detected by Oil Red O lipid
staining (Abcam). Osteogenesis was detected by Alizarin S
staining (Morphisto).

For chondrogenic differentiation, 2 × 104 passage 2 ASCs
per well were seeded in 96-well ultra-low attachment spher-
oid microplates (Corning Inc) and were cultured in MSCM for
2 days, after which the medium was changed to differentia-
tion medium. Cells were cultivated for 4 weeks, and the me-
dium was changed 3 times per week. The resulting spheroids
were then placed in disposable vinyl specimen molds, embed-
ded with Tissue-Tek optimum cutting temperature com-
pound (Sakura Finetek), snap frozen in liquid nitrogen, cut,
and mounted onto SuperFrost microscope slides (Thermo
Fisher Scientific). For assessment of chondrogenic differen-
tiation, these slides were stained with 1% Alcian blue (pH, 1;
Morphisto).

Enzyme-Linked Immunosorbent Assay
Conditioned media from explants, passage 2 ASCs, and pas-
sage 6 ASCs were tested using enzyme-linked immunosor-
bent assay kits for TNF-α (Invitrogen; Thermo Fisher Scien-
tific), VEGF (Invitrogen; Thermo Fisher Scientific), human
TGF-β3 (Abnova), and human SDF-1α secretion (Promocell) ac-
cording to the manufacturer’s protocol.

Scratch Assay
Normal human dermal fibroblasts were cultured in 12-well
plates for 5 days until they reached 90% confluency. A scratch
was inflicted in the monolayer using a sterile 200-μL micro-
pipette tip. Cells were washed 2 times with prewarmed phos-
phate-buffered saline to remove cell debris and then given se-
rum-free Dulbecco modified Eagle medium containing 25% or
50% explant supernatant or cell culture supernatant; 25% or
50% MSCM served as control. Reference points were created
on the bottom of the plates with a marker pen, and photo-
graphs were taken using a digital camera and light field mi-
croscope at 0 hours and 24 hours. Wound borders ware manu-
ally tracked and measured.24

Statistical Analysis
All statistical analyses were performed using GraphPad Prism,
version 8.0 (GraphPad Software). Statistical significance of dif-
ferences between 2 groups was calculated with paired or un-
paired t tests. Statistical significance of differences between
the control and more than 1 group was calculated using 1-way
analysis of variance followed by the Dunnet multiple com-
parison test. Statistical significance of differences between dif-
ferent time points within the same sample was calculated using
repeated measures 1-way analysis of variance followed by the
Dunnet multiple comparison test. P < .05 was considered to
be statistically significant. All tests were 2-tailed.

Results

Among the 15 patients included in this study who underwent
elective surgical procedures for autologous fat grafting to the
head and neck area; 8 (53.3%) were male; mean (SD) age at the
time of the surgical procedure was 63.0 (2.8) years; and mean
(SD) body mass index (calculated as weight in kilograms di-
vided by height in meters squared) was 27.2 (1.1). A total of 8
patients (53.3%) had a history of cancer, and 10 (66.7%) re-
ceived vocal fold augmentation for treatment of dysphonia
(eTable 1 in the Supplement).

Isolation of ASCs
After centrifugation of the samples, 3 distinct phases were re-
covered from lipoaspirates: a saline fraction, an SVF, and an
oily fraction (Figure 1A). The SVF represented the largest frac-
tion within the native lipoaspirates (mean [SD] saline frac-
tion, 15.0% [4.3%]; SVF, 53.3% [4.2%]; and oily fraction, 31.8%
[5.3%]) (Figure 1A).

To isolate potential ASCs from lipoaspirates, we trans-
ferred fat droplets onto cell culture plates in the presence of
MSCM (Figure 1B). This resulted in the outgrowth of cells with
mesenchymal phenotype (Figure 1C). Cultivation of isolated
cells showed cell doubling times ranging from 24.7 hours to
28.9 hours in passages 0 to 5. Starting from passage 6, there
were higher cell doubling times in later passages (repeated mea-
sures analysis of variance: mean [SE] for passage 0, 26.39 [1.81]
hours; passage 1, 26.70 [3.83] hours; or passage 2, 28.81 [3.36]
hours vs passage 6, 28.81 [3.36] hours; P ≥ .23) (Figure 1D). Vi-
ability remained stable above 92%.

Marker Expression of Lipoaspirates
Figure 2 shows representative immunohistochemistry (IHC)
stainings of CD73, CD90, CD105, CD31, and CD45 (Figure 2A)
as well as immunofluorescence staining and laser scanning con-
focal imaging of CD73, CD90, CD105, CD31, and CD45
(Figure 2B).

Owing to the heterogeneous cell composition, a limited set
of markers showed homogenously low or high expression. To
quantify and compare expression levels, we applied IHC scores
to all staining images. The IHC scores represent the product
of the percentages of positive cells and the staining intensity
score (negative indicates 0; low, 1; intermediate, 2; or strong,
3 [range, 0-300]). Among markers defined within the ISCT cri-
teria, CD14 and HLA-DR showed homogenously low expres-
sion with mean IHC scores of 10.6 (range, 0-26.7) for CD14 and
6.9 (range, 0-20.3) for HLA-DR. Of the additional markers, Ep-
CAM as a marker of epithelial differentiation showed low ex-
pression with a mean IHC score of 8.9 (range, 0-31.7). The pro-
tein CD36 (fatty acid translocase) as a marker of adipocytes had
strong expression in most of the lipoaspirates with 2 lower out-
liers, resulting in a mean IHC score of 220.7 (range, 27.0-
281.7). In all other ISCT criteria and additional markers, we ob-
served heterogenous expression and intermediate mean IHC
scores (Figure 2C).

Cell surface expression of markers was assessed by flow
cytometry analysis of isolated cells from the early passage
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(passage 2) or late passage (passage 6). We were able to distin-
guish positive and negative markers, both regarding mean fluo-
rescence intensity ratios and in the fraction of marker-
positive cells compared with isotype control. Representative
histograms of each marker in passages 2 and 6 are shown in
the eFigure in the Supplement. Of the ISCT criteria markers,
almost all cells were positive for CD73 (passage 2: mean [SE],
100% [0] vs passage 6: mean [SE], 99.80% [0.13%]), and CD90
(99.88% [0.04%] vs 98.93% [0.59%]) (Figure 3C), with high ex-
pression levels for both proteins (ie, mean [SE] fluorescent in-
tensity ratios of 1292.27 [121.69] for passage 2 and 947.25 [3.23]
for passage 6 for CD73, and 1692.58 [193.22] for passage 2 and
1469.13 [103.55] for passage 6 for CD90) (Figure 3B). Most cells
expressed CD105 in passages 2 (mean [SE] cells, 91.04%
[2.72%]) and 6 (mean [SE] cells, 86.04% [4.81%]). For the nega-
tive ISCT criteria markers CD34 and CD45, we found only a
small proportion of marker-positive cells and a significant de-
crease of positive cells in the late passage compared with the
early passage (CD34: mean [SE], 3.71% [0.65%] for passage 2
vs 1.68% [0.23%] for passage 6; CD45: mean [SE], 2.26%
[0.33%] for passage 2 vs 1.22% [0.36%] for passage 6; P < .05
for both comparisons).

Of the additional markers, almost all cells were positive for
CD44 in passage 2 (mean [SE], 99.86% [0.04%]) and passage
6 (99.71% [0.15%]) and negative for CD31 (mean [SE], 1.28%
[1.16%]) in passage 2 and (0.89% [0.33%]) passage 6. CD36 was

expressed at low levels in a minor subpopulation of cells and
showed a decrease toward the late passage, with a high spread
between the different patient samples (10.98% [3.50%] for pas-
sage 2 and 7.58 [1.54%] for passage 6). Most of the cells were
CD273 positive. We found both an increase in the fraction of
CD273-positive cells (74.36% [10.41%] for passage 2 and 90.76%
[3.77%] for passage 6) (Figure 3C) and a significantly higher
mean fluorescent intensity ratio (8.34 [1.44] for passage 2 vs
18.77 [0.04] for passage 6; P < .05 by paired t test) (Figure 3B).
Marker expression of all conducted experiments of this sec-
tion is summarized in eTable 2 in the Supplement.

Multipotency of ASCs
After adipogenic differentiation of undifferentiated ASCs (rep-
resentative photograph in Figure 4A), accumulation of lipid
vesicles was confirmed by Oil Red O staining (Figure 4B). Os-
teogenic differentiation of ASCs was visualized through Aliza-
rin S staining of extracellular calcium deposition (Figure 4C),
whereas chondrogenic differentiation was verified through Al-
cian blue staining (Figure 4D). In summary, differentiation of
ASCs in all 3 lineages was successful among all ASC explant cul-
tures (n = 6) (Figure 4).

ASC-Derived Soluble Factors and Fibroblast Migration
We used conditioned supernatants of ASCs to stimulate fibro-
blast migration in vitro in wound-healing assays. In the 50%

Figure 1. Explant Culture and Isolation
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supernatant groups (1:2 dilution of the respective explant or
passage 6 supernatant), migration of primary human fibro-
blasts was significantly higher in both supernatant groups com-
pared with control (explant supernatant: mean [SE] normal-
ized to control, 1.369 [0.070] vs control: 1.000 [0.160]; P = .03;
passage 6 supernatant: 1.492 [0.094] vs control: 1.000 [0.160];
P = .004 by analysis of variance followed by the Dunnet mul-
tiple comparison test) (Figure 5A and B).

In the 25% supernatant groups (1:4 dilution of the respec-
tive explant or passage 6 supernatant), we found no changes
between groups regarding the refilled area of the gap (ex-
plant supernatant: mean [SE] normalized to control, 0.810
[0.101] vs control: 1.000 [0.155]; P = .38; passage 6 superna-
tant: 0.917 [0.111] vs control: 1.000 [0.155]; P = .85 by analy-
sis of variance followed by the Dunnet multiple comparison
test) (Figure 5A and B).

The VEGF and TGF-β3 were secreted by ASCs in the ex-
plant and the passage 1 and passage 6 cell supernatants (VEGF
in explant supernatants: mean [SE], 526.74 [149.84] pg/mL;

VEGF in passage 1 cell culture supernatants: 388.26 [281.30]
pg per 106 cells per day; VEGF in passage 6 cell culture super-
natant: 621.60 [663.38] pg per 106 cells per day; TGF-β3 in ex-
plant supernatants: 22.79 [3.49] pg/mL; TGF-β3 in passage 1
cell culture supernatants: 7.81 [11.82] pg per 106 cells per day;
TGF-β3 in passage 6 cell culture supernatants: 8.07 [10.58] pg
per 106 cells per day); SDF-1α and TNF levels remained below
the detection limit of the assay.

Discussion
Compared with other techniques, lipoaspiration is a mini-
mally invasive procedure. Because of the small amount of fill-
ing material that is needed for local augmentation in the head
and neck area, a small-diameter needle device is sufficient and
can help to minimize donor site pain or complications from
wound-healing disorders, as well as hematoma or seroma.25

Regarding the content of viable ASCs and their regenerative

Figure 2. Immunohistochemical Staining of Lipoaspirates
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Figure 3. Flow Cytometry of Adipose Tissue–Derived Isolated Explant Cells for 6 Independent Samples
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a P � .05.

Figure 4. Multilineage Differentiation Potential In Vitro of ASCs Into Adipocytes,
Osteocytes, and Chondrocytes

Adipogenic differentiationB Osteogenic differentiationC Chondrogenic differentiationD
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Undifferentiated cellsA

A, Undifferentiated passage 2
adipose-derived mesenchymal stem
cells (ASCs) grown on glass slides and
stained with Mayer hematoxylin
counterstain. One representative
image from 3 samples is shown
(original magnification ×100). B, Lipid
vesicle accumulation visualized by Oil
Red O staining in adipogenic
differentiated ASCs after 2 weeks of
incubation with adipogenic
differentiation medium (original
magnification ×50 and ×200).
C, Alizarin S staining of extracellular
calcium deposits in osteogenic
differentiated ASCs after 2 weeks of
incubation with osteogenic
differentiation medium (original
magnification ×50 and ×200).
D, Alcian blue staining of cartilage
extracellular matrix in ASCs cultured
as 3-dimensional spheroids after
4 weeks of incubation with
chondrogenic differentiation medium
(original magnification ×40 and
×100). Representative images of 6
independent experiments are shown.
The area of higher magnification is
indicated with the black boxes in the
upper images of lower magnification.
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potential, different methods of liposuction, such as vacuum-
assisted, water-assisted, and ultrasonography-assisted lipo-
suction, have been shown to be equivalent to surgical resec-
tion approaches.14,25-27 In accordance with the literature, we
also found high SVF and low saline fraction in our centri-
fuged lipoaspirates.

For the detection and characterization of ASCs, we per-
formed both IHC analysis of native lipoaspirate frozen sec-
tions and flow cytometry analysis of short-term primary cell
cultures. Thereby, we were able to examine isolated cells for
the ISCT criteria in a cell mixture environment of the centri-
fuged lipoaspirate and in early passages of primary cell culture.8

Purity of ASC content and the quality of identification was su-
perior in the flow cytometry data of the cell culture com-
pared with the IHC data from the frozen sections.28 This find-
ing was probably because primary lipoaspirates contain many
different cells, such as endothelial cells, fibroblasts, and white
blood cells.28 Nevertheless, the negative markers CD14 and
HLA-DR within the ISCT criteria showed a homogenously low
IHC score that we were able to interpret as negative. In con-
trast, many of the positive markers within the ISCT criteria
showed low and heterogenous stainings, whereas flow cytom-
etry of the cell culture single cells showed the expected high
fraction of positive cells. As postulated in ISCT criteria,8 ad-
ipogenic, osteogenic, and chondrogenic differentiation of ASCs
was successful for all samples analyzed. Therefore, we con-
cluded that the centrifuged lipoaspirates were enriched with
viable ASCs of high purity.

Of the additional markers that we chose to characterize
ASCs, panepithelial marker EpCAM was negative, which is ex-
pected in lipoaspirates as an ideally epithelium-free tissue.18 The

CD31 cells were negative in the flow cytometry experiments but
had a weak IHC score in the lipoaspirates, which might reflect
smaller CD31 positive small vessels and microvessels within the
lipoaspirate samples.29 Recently, it was shown that endothe-
lial differentiation of ASCs was associated with improved sur-
vival and neovascularization of fat transplants.30 Thus, the tem-
porary presence of CD31-positive cells that we observed in some
of the lipoaspirates might reveal them to be beneficial for wound
healing as well. Although CD36 cells had the highest IHC scores
observed in our experiments, CD36 cells were mostly negative
in the flow cytometry experiments of the cell cultures. The de-
crease in the CD36-positive cell fraction in the late passages
might reflect a purification process toward barely differenti-
ated ASCs, whereas the lipoaspirates still contained many adi-
pose progenitor cells and adipocytes. In addition, CD44 cells
showed strong positivity on ASCs. A possible explanation is that
CD44 cells aid wound healing through their influence on hyal-
uronic metabolism and facilitate possible paracrine functions
of ASCs by the presentation of cytokines.31 Of most interest, we
found a distinctive fraction of CD273-positive cells within iso-
lated ASCs that increased in the later passages. This high posi-
tivity of CD273/PD-L2 cells within ASCs might reflect benefi-
cial cellular associations with wound healing that are mediated
by immune modulation and especially inhibitory effects on T
effector cells.32 These associations could diminish over time, as
has recently been shown after 10 serial culture passages in bone
marrow–derived mesenchymal stem cells.33

To assess paracrine functions, we cultivated fibroblasts
with diluted supernatants of the explant cultures and late pas-
sage cell cultures. Highly concentrated supernatants were able
to increase fibroblast cell migration. In addition, we tested for

Figure 5. Exocrine Functions of Explant Culture and Isolated Cells
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variance and the Dunnet multiple
comparison test (n = 3).

b P � .01, by 1-way analysis of
variance and the Dunnet multiple
comparison test (n = 3).

c Results below the assay range.
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different secreted growth factors and cytokines, which re-
flected different aspects of the wound-healing process, in the
supernatants of explant cultures and early and late passage cell
cultures.22

Explant cultivation has been described as an efficient
method to harvest mesenchymal stem cells from fatty tissue
that does not involve external proteolysis or strong physical
shear stress to isolate stem cells.23 Therefore, we used this
method to preserve cell-bound molecules and the intercellu-
lar microenvironment for further experiments. Neverthe-
less, there was a risk of other cell types remaining in later pas-
sages of cell culture that might have led to differences in the
supernatants consecutively. We hypothesized that the ASCs
were mainly associated with the observed paracrine func-
tions, instead of other cell types of the SVF. Our data showed
a lack of significant differences for fibroblast cell migration in
the wound-healing assay and in the concentrations of se-
creted growth factors and cytokines between explant cul-
tures and early and late passage cell cultures.

In recent years, different groups have shown paracrine ef-
fects of the SVF and ASCs. The SDF-1α has been associated with
supporting wound healing in vitro and in vivo and is secreted
by and supports the homing and survival of ASCs.34-37 Al-
though we did not find SDF-1α in our supernatants, the highly
concentrated supernatants (50%) promoted fibroblast migra-
tion in vitro for wound-healing assays. Therefore, alternative
secreted factors were also able to mediate the paracrine func-
tions of the SVF and ASC supernatants. Of the other secreted
factors assessed in our study, VEGF and TGF-β3 were recov-
ered from ASC supernatants. Although both factors are not
likely to induce the increased migration of the fibroblasts, they
might play pivotal roles in increasing the wound-healing

capacities of the SVF and ASC supernatants. The VEGF is able
to improve nutritive supply through neovascularization, in-
cluding lymphangiogenesis, and aid in ASC survival38-40;
TGF-β3 was shown to mediate fibrochondrogenic differentia-
tion in ASCs and, thereby, might beneficially influence tissue
turnover.41,42 However, the SVF and ASC supernatants were
negative for TNF, which was expected because the ability of
ASCs to decrease the secretion of inflammatory cytokines, such
as IL-1β, IL-6, and TNF, has been demonstrated.43

Limitations
This study has limitations. The functional in vitro assays can
only display surrogates for wound healing in vivo and have lim-
ited predictive value in wound-healing settings such as vocal
fold augmentation. Because of technical challenges, we were
not able to assess exact proportions of ASCs within the li-
poaspirates.

Conclusions
Cells isolated from lipoaspirates comprised substantial
amounts of ASCs that have potential to differentiate in all 3 lin-
eages described for ASCs. As an additional cellular function,
the isolated ASCs might have proliferation- and immune-
modulating properties. As paracrine functions, the SVF and ASC
supernatants had anti-inflammatory, neoangiogenic, and
wound-healing features that promote wound healing in vitro.
Our findings appear to provide insight into the successful clini-
cal outcomes of fatty transplantation at the cellular level and
support the potential of lipoaspirates in regenerative head and
neck surgical procedures.
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