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Abstract
Background: In recent years the therapeutic application of extracted adipose tissue for autologous fat grafting and the application of adipose tissue-derived
mesenchymal stem cells (adMSC) isolated thereof has progressed. Water-jet assisted liposuction (WAL) is 1 procedure for harvesting adipose tissue and provides a favorable aesthetic outcome combined with high tissue protection. Tissue aspirated by WAL has been successfully applied in grafting procedures.
Objectives: The aims of this study were to conﬁrm the tissue viability and to understand the abundance and mesenchymal differentiation capacity of stem
cells within the tissue.
Methods: We analyzed tissue integrity of WAL tissue particles via ﬂuorescence microscopy. The adMSC content was determined by isolating the cells from
the tissue. The mesenchymal differentiation capacity was conﬁrmed with cytochemical staining methods.
Results: The stromal vascular fraction of WAL tissue showed high viability and contained an average of 2.6 × 105 CD34-positive cells per milliliter of tissue.
Thus WAL tissue contains a high number of stem cells. Furthermore adMSC isolated from WAL tissue showed typical mesenchymal differentiation potential.
Conclusions: WAL of adipose tissue is well suited for autologous fat grafting because it retains tissue viability. Furthermore it is a valid source for the subsequent isolation of adMSC with multipotent differentiation potential.
Level of Evidence: 3

Accepted for publication April 6, 2015.

Through the therapeutic application of extracted adipose
tissue for autologous fat grafting, liposuction has become
an important issue.1,2 In this context the properties of the
aspirated tissue, like tissue particle size, viability, adipocytes number, and other adipose-resident cell types or
functional structures (eg, blood vessels) need to be investigated in closer detail.
Adipose tissue is composed of various cell types (adipocytes, endothelial cells, ﬁbroblasts, blood and blood-derived
cells, and adipose tissue-derived mesenchymal stem cells
[adMSC]).3-6 Enzymatic digestion of the adipose tissue and
depletion of adipocytes yields the so-called stromal vascular
fraction (SVF), which already has successfully been used in
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different clinical approaches such as supplementation of fat
grafts and treatment of urinary incontinence and chronic
wounds.7-10
Zuk et al were the ﬁrst to describe adMSC.6 By their
intrinsic capacity for self-renewal and multipotent mesenchymal differentiation, adMSC are important in tissue
homeostasis and regeneration.11 Human adMSC were
shown to directly differentiate into osteoblasts and endothelial cells in a nonunion fracture model.12 In case studies,
human adMSC were already successfully used to treat
critical-size calvaria13 and maxilla defects.14 Furthermore,
adMSC were demonstrated to engraft at long-term at the
transplantation site.15,16
Compared with bone marrow, adipose tissue can be harvested in higher amounts, with a higher abundance of stem
cells and less donor-site morbidity.17 adMSC are present at
a concentration of roughly 50,000 cells per mL adipose
tissue (approximately 7% of the cells found in enzymedissolved adipose tissue),18,19 which is 100-fold higher than
found for mesenchymal stem cells (MSC) isolated from
bone marrow.17 Also, the use of adult stem cells does not
entail the ethical concerns that the use of embryonic stem
cells does. Finally adMSC fulﬁll all MSC characteristics
deﬁned by the International Society for Cellular Therapy,
the International Federation of Adipose Therapeutics and
Sciences, and others.20,21
Adipose tissue can be harvested by various methods, such
as resection, conventional liposuction, syringe-aspiration,
and others.2 The speciﬁc liposuction methodology applied
may impact the viability of cells present in the harvested
tissue.22,23 Water jet-assisted liposuction (WAL) is a liposuction procedure that applies the tumescent solution as a thin,
fan-shaped, targeted, pulsating jet.24,25 The cannula used
during the operation comprises 2 channels that make it possible to inﬁltrate the tumescent solution and aspirate the
emerging water and fat suspension at the same time. Thus,
the amount of ﬂuid inﬁltrated into the patient is much lower
than during conventional liposuction procedures, which
lowers the risk of cardiovascular side effects. This aims at ensuring the desired aesthetic outcome and safety of the patient
as well as protecting the harvested adipose tissue. Our examinations assure quality of autologous fat grafts obtained by
WAL and show differentiation reliability of mesenchymal
stem cells isolated from WAL tissue. To this end, we examined the viability, number and adipogenic or osteogenic differentiation potential of adMSC isolated from WAL-harvested
adipose tissue.

METHODS
If not stated otherwise, all plastic-ware was from Greiner
Bio-One (Frickenhausen, Germany) and all reagents were
from Sigma-Aldrich (Steinheim, Germany).

Donors
This study examined 13 consecutive patients (1 man and
12 women) over a 27-month period from August 2012 to
October 2014. The patients gave written informed consent
that they were willing to take part in this study. The study
was approved by the ethics committee of Rostock University
Medical Center under the registration number A2013-0112,
and it complies with the ethical standards deﬁned by the
World Medical Association Declaration of Helsinki.

Aspiration of Human Adipose Tissue
The liposuction procedure was carried out according to the
BEAULI protocol described by Ueberreiter et al.26 Brieﬂy, a
pulsating water jet was applied for inﬁltration with simultaneous suction. For inﬁltration the ranges 1 to 3 are available, ranging from 90 mL/minutes ± 15% to 130 mL/
minutes ± 15%. The inﬁltration solution used was classical
Klein’s tumescence solution that was prewarmed to 37 to
38°C. The cannulas for harvesting have an outer diameter
of 38 mm and bear sharp tips. After the ﬁrst inﬁltration,
there was no required waiting period before the suction
could be commenced. The negative pressure for the suction
was adjusted to 500 mbar.

Viability Assessment of the WAL-Isolated
Tissue
In order to evaluate the viability of the aspirated tissue, a
live/dead staining was performed as described previously.27
Therefore, the aspirated tissue was incubated for 10 minutes
with cell culture medium (Dulbecco’s Modiﬁed Eagle
Medium (DMEM), Life Technologies, Darmstadt, Germany)
supplemented with 3 µM Hoechst 33342 (Bis-benzimide
H33342 trihydrochloride), 500 nM propidium iodide, and
1 µM calcein acetoxymethyl ester (both Life Technologies).
The tissue was then analyzed by ﬂuorescence microscopy
(Carl Zeiss Microscopy GmbH, Göttingen, Germany) using
the blue, green, and red emission ﬁlters. Emission maxima
of the dyes are 460 nm (Hoechst 33342), 516 nm (calcein),
and 617 nm (propidium iodide). Excitation maxima are
360 nm (Hoechst 33342), 496 nm (calcein), and 535 nm
(propidium iodide).

Isolation and Culture of adMSC
As described previously,28 adipose tissue was digested
using 1.6 mg/mL Collagenase NB4 (SERVA, Heidelberg,
Germany), a mixture of a neutral protease and the collagenases I and II in phosphate-buffered saline (PBS) with
calcium and magnesium (PAA Laboratories, Coelbe,
Germany). Through a series of steps of washing in PBS
with 10% fetal calf serum (FCS; PAN Biotech, Aidenbach,
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Germany) and centrifugation, the SVF was separated from
the adipose tissue remains. At this point the SVF cell
number and content of CD34-positive cells were determined
with ﬂow cytometry (see Flow Cytometric Analysis section).
The cells liberated from the digested tissue were incubated
for 24 hours under standard cell culture conditions (5% CO2
and 37°C in a humidiﬁed atmosphere). CD34-positive cells
were isolated from total plastic-adherent cells using a magnetic bead depletion system (Life Technologies). During
this selection procedure, the number of cells that were
plastic adherent after 24 hours and the number of cells that
were plastic adherent and CD34 positive were determined
using the Scepter cell counter (Merck KGaA, Darmstadt,
Germany). Since the bead depletion is a standard procedure
to attain the cells used for the experiments, we desisted from
the reapplication of ﬂow cytometry. After 3 passages,
adMSC were seeded into experimentation at 20,000 cells
per cm2. Absence of Mycoplasma species was conﬁrmed
microscopically after DNA staining.
AdMSC were cultured in standard culture medium, adipogenic differentiation stimulating medium, and osteogenic
differentiation-stimulating medium. Standard culture medium
was DMEM, high glucose, GlutaMAX-I, supplemented with
1% penicillin/streptomycin (100 U/mL and 100 µg/mL; both
Life Technologies), and 10% FCS. For adipogenic stimulation,
500 μM 3-isobutyl-1-methylxanthin (SERVA), 10 μM insulin,
1 μM dexamethasone, and 200 μM indomethacin (Fluka,
Seelze & Buchs, Germany) were added to standard culture
medium. For osteogenic stimulation, standard culture medium
was supplemented with 0.25 g/L ascorbic acid, 1 μM dexamethasone, and 10 µM β-glycerophosphate (Fluka). At conﬂuence, cultivation in standard and differentiation-inducing
media began, termed day 0, and took up to 35 days. Change of
medium was done every 2 to 3 days.

Flow Cytometric Analysis
In order to quantify the CD34 positive cell population of the
SVF, isolated cell-suspension specimens from 7 patients were
stained using a CD34 single platform staining kit (Stem-Kit,
Beckman-Coulter, Krefeld, Germany). The Stem-Kit Reagents
consist of a 2-color ﬂuorescent (CD45-FITC/CD34-PE) murine
monoclonal antibody reagent, a 2-color murine ﬂuorescent
(CD45-FITC/isoclonic control-PE) reagent to check the nonspeciﬁc binding of the CD34-PE monoclonal antibody, a
nucleic acid viability dye (7-amino-actinomycin-D/7-AAD), a
reagent (ammonium chloride) to lyse erythrocytes, and
Stem-Count ﬂuorospheres for absolute count determination
of CD34-positive cells. Therefore, tubes were preﬁlled with
20 µL of a mixture of CD45-FITC (clone J33) and CD34-PE
(clone 581) and 20 µL of 7-AAD-solution. 100 µL of cell suspension was added and incubated for 15 minutes at room
temperature (20°C) in the dark. A second incubation for 10
minutes was done after addition of 2 mL lysis reagent. 100 µL
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Stem-Count ﬂuorospheres were added to the cell suspension
directly before measurement. The ﬂow cytometer FC500
Flow Cytometer (Beckman-Coulter) was equipped with a
20 mW argon-ion-laser providing excitation at a wavelength
of 488 nm.
Analysis was done following a modiﬁed ISHAGE protocol29
for single platform analysis.30 Cells were gated for CD45 and
7-AAD-negative cells to exclude leucocytes and dead cells.
Viable CD34-positive cells and ﬂuorospheres were counted
using the CXP analysis software (Beckman-Coulter). The stem
cell concentration was then calculated on the basis of the ﬂuorosphere concentration provided by the test kit.

Quantiﬁcation of Cell Number
The cell number in tissue from 8 individuals was determined by crystal violet staining as described previously.28
Crystal violet stains the negatively charged cellular DNA via
ionic attraction31 in a linear fashion.32

Analysis of Mesenchymal Differentiation
Analysis of Adipogenic Differentiation
Intracellular accumulation of lipids in the isolated adMSC of
5 individuals was detected by ﬂuorescence staining of lipid
vacuoles after 14 days of culture as described previously.33 To
this end the cells were washed with PBS and ﬁxed in 4%
paraformaldehyde (PFA). After washing with PBS, the cells
were incubated in the Bodipy staining solution (1 µg/mL
150 mM NaCl, Life Technologies) in the dark. The cells were
then washed with PBS and H2O. The ﬂuorescence intensity
was measured in a ﬂuorescence microplate reader (TECAN,
Crailsheim, Germany) using an excitation wavelength of
480 nm and an emission wavelength of 515 nm. Fluorescence
microscopy was done to document the formation of lipid vacuoles within the cells using an Axiocam MRc ﬁtted to an Axio
Scope.A1 (Carl Zeiss Microscopy GmbH).

Analysis of Osteogenic Differentiation
Quantiﬁcation of alkaline phosphatase (ALP) activity in the
isolated adMSC of 6 patients and the extracellular matrix
(ECM) calcium content in the isolated adMSC of 4 patients
were used to detect osteogenic differentiation of the cells as
previously described.28 For photo documentation of ALP
(liver/bone/kidney isoenzyme) activity, cells were stained
with a solution of 67 mM 2-Amino-2-methyl-1.3-propanediol
(AMPED), 2.7 mM Naphtol AS-MX phosphate, and 2.7 mM
Fast Red Violet LB Salt in H2O. Quantiﬁcation of ALP activity
was done after 21 days of culture by washing cells with
Tris-buffered saline and permeabilizing lysis buffer (1%
Tween 20 and 100 mM phenylmethanesulfonyl ﬂuoride in
H2O) and incubating with ALP substrate solution (10 mM
para-nitrophenylphosphate (pNPP), 100 mM AMPED, and
5 mM MgCl2 in H2O for 1 hour under standard culture
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conditions. To stop ALP activity, 2 M NaOH was added. The
absorbance of the supernatant was quantiﬁed in a microplate reader (anthos Mikrosysteme) at 405 nm.
For the visual documentation of the calcium deposition
in the ECM, the cells were stained with 30 mM Alizarin Red S
dissolved in H2O. Pictures were taken with the
camera AxioCam ICc1 ﬁtted to an Axiovert 25 (Carl Zeiss
Microscopy GmbH). Quantiﬁcation of ECM calcium content
based on Ca2+ complexation by ortho-cresolphthalein was
done after 35 days. Brieﬂy, after washing cells with PBS and
ﬁxation with 4% PFA pre-warmed to 37°C, cells were
washed with H2O, and cresolphthalein buffer (0.1 mg/mL
ortho-cresolphthalein complexon, 1 mg/mL 8-hydroxy quinoline, and 6% of 37% HCl in H2O) was added. After incubation for 5 minutes at room temperature (19°C to 21°C), AMP
buffer (15% 2-Amino-2-methyl-1-propanol [AMP] in H2O,
pH 10.7) was added and incubated for 15 minutes at room
temperature (20°C). The optical density of the supernatant
was quantiﬁed in a microplate reader (anthos Mikrosysteme)
at 580 nm.

Data Illustration and Statistics
All measurements were performed in triplicate. Data are
illustrated as bar and line charts as well as box plots and
were created using the R software environment for statistical computing and graphics.34 The data displayed are the
medians with positive and negative error bars representing
the third and ﬁrst quartile, respectively. Since the data
obtained were in most cases not normally distributed,
testing for signiﬁcance in the difference between 2 datasets
was done using the nonparametric Mann-Whitney U test.
The level of signiﬁcance was set to a P-value of lower or
equal to .05 (P ≤ .05) and calculated using R.

RESULTS
The average patient age was 42 years (range, 24-59 years).
All patients were healthy adults seeking contouring of one
or more of the following areas: arms, hips, buttocks, upper
and lower abdomen, upper and lower back, ﬂanks, inner
thighs, and outer thighs. The patients had an average body
mass index of 25.8 (range, 21-35). The time from tissue
harvest to cell isolation was less than 20 hours.

Viability of the Aspirated Tissue
The combined live/dead staining of WAL tissue resulted in
a comprehensive green ﬂuorescence emission of the tissue
and thus indicates its viability, while the nuclei of all cells
are stained in blue (Figure 1A). A thin green circumferential
ﬂuorescent line reﬂects the spherical shape of the mature
adipocytes. The biggest part of the adipocytes is ﬁlled by

Figure 1. Live/dead-stained adipose tissue directly after the
isolation by WAL (A; green: viable cells, red: dead cells, blue:
nuclei); detail from isolated tissue showing vasculature-like
structures (B); single cell suspension resulting from enzymatic
digestion of the tissue (C). Most cells showed an intensive
green staining and were thus identiﬁed as viable. A number of
blood vessel-like structures were detectable (arrows). Only a
few dead cells (red ﬂuorescence) were found.
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Figure 2. Quantiﬁcation of cell amounts after different steps of
isolation (cell concentration in the SVF; concentration of
CD34-positive cells within the SVF; concentration of
plastic-adherent cells after 24 hours of culture; concentration
of plastic-adherent and CD34-positive cells after 24 hours of
culture; n = 7). The SVF on average contains 6.1 × 105 cells
per mL harvested adipose tissue and an average of 2.6 × 105
cells per mL tissue was positive for CD34. After 24 hours of cultivation, an average of 0.8 × 105 cells per mL tissue was plastic
adherent, and thereof 0.45 × 105 cells per mL tissue, on
average, were positive for CD34.

a unilocular lipid vacuole that is unstained, due to an
organelle-inherent lack of esterase activity required for ﬂuorophore activation. Only a few dead cells were detected
(Figure 1B, red ﬂuoresecence). Furthermore, blood vessellike structures were detectable throughout the WAL-derived
tissue (white arrows, Figure 1A and B). Collagenase treatment of WAL-isolated tissue led to a single cell suspension of
mostly viable cells (Figure 1C).

Number of Cells in Aspirated Tissue
After preparation of a single cell suspension, the SVF
was obtained by removal of adipocytes. The SVF on average
contained 6.1 × 105 cells per mL aspirated tissue. Almost
half of that fraction was identiﬁed as CD34 positive (averaging 43%, about 2.6 × 105 cells per mL aspirated tissue).
Moreover, an average of 18% of the SVF (0.8 × 105 cells
per mL aspirated tissue) was adherent after 24 hours of standard cell culture, roughly half of this portion was adherent
and CD34 positive (0.45 × 105 cells per mL aspirated tissue
from the SVF) (Figure 2).

Proliferation of adMSC In Vitro
To evaluate the proliferation behavior of WAL-isolated
adMSC during cultivation and under differentiation
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Figure 3. Proliferation of adMSC under steady state cultivation
conditions; adMSC were cultured for 35 days. Cell numbers
were determined at 0, 7, 21, and 35 days. All values were normalized to the 0 day value. Cells show continuous proliferation, ie, 2.5-fold increase of cell number over 35 days of culture
(n = 8).

conditions, cells were seeded into steady state conditions
and the relative cell numbers were determined after 0, 7,
21, and 35 days of cultivation. We found a continuous increase in cell number and thus continuous proliferation of
adMSC (Figure 3).

Mesenchymal Differentiation Potential
Adipogenic Differentiation
After 14 days of adipogenic stimulation, the formation of
lipid-ﬁlled vacuoles in adMSC was detectable, whereas no
lipid vacuoles were found in adMSC under control conditions
(Figure 4A,B). Quantiﬁcation of the amount of accumulated
intracellular lipid revealed a signiﬁcant 3-fold increase under
adipogenic differentiation conditions (Figure 4C).

Osteogenic Differentiation
To evaluate the degree of osteogenic differentiation, the
activity of the enzyme ALP and the amount of calcium phosphate deposited to the ECM were determined. In contrast to
the control cultures showing a mild red staining (Figure 5A),
osteogenically stimulated adMSC showed a distinct red staining for ALP after 21 days of cultivation (Figure 5B). After 35
days of osteogenic stimulation, calcium phosphate deposits
were found, which was not true for the unstimulated control
cultures (Figure 5D,E). Quantiﬁcation of these differentiation
markers conﬁrmed distinct changes in the cellular phenotypes: after 21 days in osteogenic differentiation medium,
cells displayed a more than 4-fold higher activity of ALP than
cells that had been cultured under standard conditions
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Figure 4. Adipogenic differentiation degree of adMSC. Staining of lipid vacuoles (green) and nuclei (blue) in unstimulated control
cultures (A) and adipogenically stimulated adMSC (AS) after 14 days (B). Quantiﬁcation of lipid content (C, quantiﬁcation of ﬂuorescence intensity; n = 5; Mann-Whitney U test). Only adipogenically stimulated adMSC showed lipid accumulation.

(Figure 5C). Calcium phosphate deposition by adMSC stimulated osteogenically for 35 days was almost 100-times higher
than found for cells in the control cultures, which showed
almost no calcium phosphate deposition (Figure 5F).

DISCUSSION
WAL is a liposuction procedure that provides a favorable
aesthetic outcome combined with high tissue protection
and lower risk of cardiovascular side effects due to lowered
amount of inﬁltrated ﬂuid compared with conventional liposuction procedures.24,25,35,36 Moreover tissue aspirated
by WAL has already been successfully applied in grafting
procedures.26,37 Peltoniemi et al proposed that WAL is a
preferable technique for autologous fat grafting because it
yields a transplant rich in stem cells and enables easy injection without pressure, thus preventing damage to cells.38

To conﬁrm the high viability and abundance of stem
cells in adipose tissue aspirated by WAL, we analyzed WAL
tissue particles regarding integrity, adMSC yield, and mesenchymal differentiation capacity. The scope of this study
did not include the examination of other liposuction techniques, such as a direct comparison of tissue harvested
from the same patient in the same operation but with 2 different techniques, which would have been a more direct
approach for the evaluation of the WAL technique.
Nonetheless using data from current publications, the WAL
procedure can be put into context with other liposuction
techniques. Through visual evaluation, we can show that
WAL aspiration results in viable tissue with intact
vasculature-like structures. This is consistent with previous
ﬁndings revealing that WAL tissue consists of intact cell aggregates and small blood vessels.35 The assessment of the
overall cell content and consecutive quantiﬁcation of dead
and viable cells could be a subject of future studies. We
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Figure 5. Osteogenic differentiation degree of adMSC. ALP-staining (red) in control cultures (A) and in osteogenically stimulated
cultures (OS) after cultivation for 21 days (B). Quantiﬁcation of ALP activity (C; n = 6; Mann-Whitney U test). Staining of ECM
calcium deposition in control cultures (D) and osteogenically induced cultures after cultivation for 35 days (E). Quantiﬁcation of
ECM calcium content (F, cresolphthalein staining; n = 4; Mann-Whitney U test). Compared with non-stimulated control cultures,
osteogenically stimulated cultures showed a 4-fold increase in ALP activity after 21 days and a 100-fold higher calcium deposition
in the ECM after 35 days.

found that the enzymatic digestion procedure yields a
single cell suspension consisting of adipocytes and an SVF
with an average of 6.1 × 105 cells per mL WAL tissue.
Differences in cell number of the SVF have been found
for different tissue harvesting methods. For example
an average of 3 × 105 SVF cells per mL tissue was found
after liposuction not performed by WAL,39 6 × 105 after
ultrasound-assisted liposuction and 7 × 105 after adipose
tissue resection.40 Since the SVF is a heterogeneous
mixture of cells and thus the SVF cell content is not a direct
measure of stem cell content, we have analyzed the presence of CD34-positive cells within the SVF. CD34 was ﬁrst
identiﬁed in stromal precursors in normal human adult
bone marrow,41 and the Stro-1 antibody frequently used for
prospective isolation of MSC was consequently generated
using CD34-positive MSC.42 Subsequently, CD34 was
found to be expressed also by hematopoietic stem cells in
activated state and thus cycling in the blood stream, while
hematopoietic stem cells in quiescent state and residing to
the bone marrow are CD34 negative.43 Subsequently, the
panel of CD34-expressing cells was even more extended
to muscle satellite cells, interstitial cells, epithelial, and
endothelial progenitors44 and is currently thought to be expressed by all perivascular cells in situ,45 though not
always at constant level, as reported for MSC whose

CD34-expression level declines upon passaging in vitro. 46
The SVF from WAL tissue contained an average of
2.6 × 105 CD34-positive cells per mL tissue (an average
of 43% of SVF). Results from other groups are an average
of 22.5%17 and 15% to 40% cells per mL tissue.5 Following
the statements made above, 1 portion of the CD34-positive
cells is of hematopoietic origin while the other is adMSC.
This was conﬁrmed by Bourin et al by detecting a
CD34-positive, but CD45-negative population of cells
within the SVF of adipose tissue because hematopoietic
precursors would be positive for both surface markers.20
The 2 cell populations could be separated by selecting them
for adherence to standard tissue culture polystyrene
because adMSC are plastic adherent47 whereas hematopoietic stem cells are not.48,49 Thus, the CD34-positive and
plastic-adherent population of 0.45 × 105 cells per mL
tissue (8% of the SVF and 18.9% of the CD34-positive
cells) that we isolated from the SVF 24 hours after tissue
digestion represents a homogenous population of adMSC.
Other groups have found 6.3% ± 1.8% to be functional
adMSC residing in the SVF of resected adipose tissue,
1.9% ± 1.3% functional adMSC in the SVF of tissue
obtained by tumescent liposuction, and 0.4% ± 0.1%
functional adMSC in the SVF of tissue obtained by
ultrasound-assisted liposuction.40 A wide range of adMSC
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content in the SVF is discernible comparing a single
patient’s material. While the average is 8%, as mentioned
above, the range varied from 2.3% to 17.9%. Philips et al,
in experiments where tissue was harvested with the
Coleman technique, found this range to vary from 4% to
37%.50 The differences between the study outcomes result
from the fact that the methods used for the analysis of
adMSC content in adipose tissue differ between almost
every single research group. In this case not only the aspiration method was different but also the adMSC content was
determined by ﬂow cytometric analysis of the SVF, while in
our study the absolute adMSC content was determined
after 24 hours of plastic adherence.
Supportingly adipogenic stimulation of the isolated
adMSC led to intracellular lipid accumulation, which
proves the adipogenic differentiation potential of the
adMSC obtained from WAL tissue. Also, the osteogenic differentiation potential could be shown after speciﬁc stimulation by means of differentiation markers ALP activity and
ECM calciﬁcation. Thus, adMSC from WAL tissue show
mesenchymal differentiation potential. It has been shown
that the stem cell content in harvested tissue may be a positive measure for the long-term survival and retention of fat
grafts.50 Thus, not only does WAL represent a very gentle
operation technique concerning the patient comfort and
the viability of the harvested tissue,24,38 but the possibility
of enriching fat grafts with autologous stem cells isolated
from the same tissue represents a promising clinical application. Another important point will be the future application of stem cells in the treatment of, eg, degenerative
arthritis, and a possible wide variety of other clinical indications. The comparative examination of tissues from the
same patient harvested by WAL and other liposuction techniques would be an interesting prospect for future studies.

CONCLUSIONS
WAL is a liposuction procedure that provides favorable
results concerning patient comfort and aesthetic outcome.
We show that WAL tissue is a valid source of adMSC, yielding numbers of cells that lie within the range of cell
numbers isolatable from adipose tissue harvested with
other techniques. The adMSC isolated from WAL tissue are
viable and possess mesenchymal differentiation potential.
In this respect WAL tissue may be used for autologous fat
grafting and is an appropriate source for adMSC isolation.
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