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Adipose tissue is an excellent source of adult 
stem cells (adipose-derived stem cells), 
sharing relevant biological features with 

bone marrow-derived mesenchymal stem cells.1–3 
Indeed, besides adipocytes, adipose tissue features 
heterogeneous cell populations, within the so-
called stromal vascular fraction, which represents 
a rich and promising source of adipose-derived 
stem cells and trophic factors.4 The abundance, 

surgical accessibility, and high cellular content, 
along with the extensive plasticity and differentia-
tion potential of adipose-derived stem cells, make 
adipose tissue a powerful tool for regenerative 
medicine applications.5–7

Freshly isolated stromal vascular fraction 
proved to be effective not only in fat grafting, but 
also in enhancing the regeneration and healing 
of nonadipose tissues, including bone, skeletal 
muscles, postinfarction myocardium, skin and 
scar tissue.8–11 The best-known protocol used for 
adipose-derived stem cell isolation is based on 
the processing of the fatty portion of liposuction 
aspirates (processed lipoaspirate cells).12,13 The 
entire protocol requires several hours of uninter-
rupted laboratory activity, with collagenase-based 
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Background: Adipose tissue harvested through lipoaspiration is widely exploit-
ed in plastic and cosmetic surgery, because of its remarkable trophic prop-
erties, especially relying on the presence of adipose-derived stem cells. The 
common procedures for adipose-derived stem cell isolation are mainly based 
on tissue fractionation and enzymatic digestion, requiring multiple hours of 
uninterrupted work, unsuitable for direct surgical applications. Recent studies 
demonstrated the feasibility of isolating adipose stromal cells without the need 
for enzymatic digestion. These studies reported the processing of the fluid por-
tion of liposuctioned adipose tissue (lipoaspirate fluid), which contains a sig-
nificant amount of progenitor cells endowed with plastic and trophic features. 
In this article, the authors introduce a brand new closed device—the MyStem 
EVO kit—which allows nonenzymatic tissue separation and rapid isolation of 
lipoaspirate fluid from human liposuctioned adipose tissue. 
Methods: Adipose tissue was liposuctioned from 14 donors, split into aliquots, 
and alternatively processed using either centrifugation or the MyStem EVO kit, 
to separate fatty and lipoaspirate fluid portions. The samples were analyzed com-
paratively by flow cytometry, histology, and differentiation assays. Osteoinductive 
and angioinductive features were analyzed through in vitro co-culture assays. 
Results: The alternative procedures enabled comparable yields; the kit rapidly 
isolated lipoaspirate fluid comprising a homogenous cell population with adi-
pose stem cell immunophenotype, bilineage potential, and efficient osteoin-
ductive and angioinductive features. 
Conclusion: MyStem EVO allows the rapid isolation of lipoaspirate fluid with 
trophic properties within a closed system, and is potentially useful for regen-
erative medicine applications. (Plast. Reconstr. Surg. 137: 1157, 2016.)
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tissue digestion and different centrifugation 
steps. Although it is classified as “minimal tis-
sue manipulation” in many countries, the pro-
cedure involves passages that may increase the 
risk of culture contamination. In addition, the 
costs for clinical-grade collagenase, along with 
the debated residual toxicity, hamper a broader 
exploitation of processed lipoaspirate cells in 
the clinical practice.14,15 Interestingly, the fluid 
portion (lipoaspirate fluid), resulting from the 
mechanical fragmentation of fat lobules during 
the liposuction procedure, contains a significant 
amount of progenitor cells,16 with demonstrated 
trophic features.17

In this article, we present the results obtained 
from the in vitro validation of a brand new dispos-
able device, the MyStem EVO kit (MyStem LLC, 
Wilmington, Del.). According to the manufactur-
er’s statement, this device is meant to harvest and 
fractionate liposuctioned adipose tissue, enabling 
a one-step procedure for collagenase-free isola-
tion of stromal vascular fraction.18 Therefore, the 
kit was designed to obtain a stem cell suspension 
to be used in cell-assisted fat-grafting procedures. 
The device attracted our attention because it is 
already commercially available and used in several 
plastic surgery applications, including loss of sub-
cutaneous fat, skin scars, ulcers, and burns.

MATERIALS AND METHODS
To evaluate the actual efficacy of the MyStem 

EVO kit, we compared its performance with the 
“standard” protocol for lipoaspirate fluid cell 
isolation.16 Cell culture media, sera, and supple-
ments were purchased from EuroClone (Milano, 
Italy) unless otherwise specified. All chemicals 
were purchased from Sigma-Aldrich Corp. (St. 
Louis, Mo.). MyStem EVO Kits were provided by 
the MyStem LLC.

Donors and Specimens
Liposuctioned adipose tissue specimens (34 

to 100 ml each) were collected from 14 patients 
(three women and 11 men; mean age, 43 years, 
mean body mass index, 26.89 kg/m2) undergo-
ing cosmetic lipofilling, on obtaining written 
informed consent. Each harvested tissue speci-
men was separated into two aliquots that were 
processed to separate lipoaspirate fluid using, 
alternatively, the “standard” protocol16,19 and the 
MyStem EVO nonenzymatic centrifuge-free pro-
tocol. All of the procedures used in this study were 
approved by the Ethics Committee of the Univer-
sità Cattolica del Sacro Cuore, Rome, Italy.

Lipoaspirate Fluid Isolation Protocols
Standard Protocol
The fluid blood/saline portion (lipoaspirate 

fluid) of the lipoaspirate samples (17 to 50 ml 
each) was separated through centrifugation, as 
previously described.16,19 Briefly, the suctioned fluid 
was centrifuged, and the final pellet (liposuction 
aspirate fluid–stromal vascular fraction, lipoaspi-
rate fluid–cells) was collected. Cells were counted 
using the NucleoCounter NC-100 (ChemoMetec 
A/S, Allerod, Denmark) and alternatively analyzed 
by flow cytometry or seeded into T25 tissue culture 
flasks, using Dulbecco’s Modified Eagle Medium, 
supplemented with 2 ng/ml acidic fibroblast 
growth factor, 5 ng/ml heparin, 10% fetal bovine 
serum, and 1% penicillin/streptomycin. On the 
next day, nonadherent cells were washed away. The 
medium was changed twice a week.

MyStem EVO Kit and Protocol
Device Characteristics
The kit includes a 1.8-mm blunt-tip cannula with 

0.3-mm holes for tissue harvesting through liposuc-
tion and a closed-sterile device. This includes a fluidic 
system with mesh filters, flexible collection bags, and 
Luer-lock connections, and is contained in an hour-
glass-shaped, self-standing plastic shell (Fig. 1, left). 
The device allows washing, filtration, and size-based 
separation of tissue fragments. The entire protocol 
requires 5 to 10 minutes and can be performed right 
after liposuction during fat-grafting procedures.

MyStem Evo Protocol
Seventeen to 50 ml of adipose tissue was har-

vested with the cannula provided in the kit and 
introduced into the MyStem EVO system, and the 
blood/saline fraction was collected with a syringe 
through the specified connector (Fig. 1, left). To 
reduce sample retention in the “dead volume” of the 
device, the tissue fraction was washed by introducing 
10 to 20 ml of sterile saline solution into the device. 
The residual tissue fraction was collected from the 
device, after lipoaspirate fluid separation, and ana-
lyzed histologically (see Adipose Tissue Histology, 
below). The entire fluid portion was thus collected 
and the cell suspension centrifuged at 200 g for 5 
minutes. Pelleted cells, consisting of lipoaspirate 
fluid cells (MyStem EVO–lipoaspirate fluid cells), 
were quantified using the NucleoCounter NC-100 
and alternatively analyzed by flow cytometry, or 
seeded and cultured as specified above.

Adipose Tissue Histology
Separate aliquots of the tissue fraction were 

either smeared on a slide and fixed with Cytofix 
(F.I.R.M.A. s.p.a., Firenze, Italy), or embedded 



Copyright © 2016 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

Volume 137, Number 4 • Liposuction Aspirate Purification Device

1159

in optimal cutting temperature cryoprotective 
medium (for Sudan III staining) or paraffin oil 
(for hematoxylin staining). Stained slides were ana-
lyzed with a Zeiss Axiophot microscope (Carl Zeiss, 
Oberkochen, Germany).

Cell Viability
Total and dead cells were counted in all sam-

ples using the automated NucleoCounter NC-100 
system following the manufacturer’s instructions. 
Cell viability was measured as described previously 
elsewhere.20

Flow Cytometry
The immunophenotype of fresh cells isolated 

through both protocols, and that of culture-
expanded MyStem EVO–lipoaspirate fluid cells 
(MyStem EVO–adipose-derived stem cells), was 
analyzed as already described elsewhere.3,21,22 Con-
jugated antibodies used for cytometry are listed in 
Table 1.

Analysis of Multilineage Potential of  
Culture-Expanded Cells

In vitro osteogenic and adipogenic assays were 
carried out on MyStem EVO–adipose-derived 
stem cells, as previously described elsewhere.23–25 
Sudan III staining was used to visualize cytoplas-
mic lipid droplets,3 and alizarin red was used to 
stain the mineralized matrix.26,27

Osteoinductive and Angioinductive Assays
To evaluate the osteoinductive and angioin-

ductive potential of the MyStem EVO–lipoaspirate 
fluid suspension, indirect co-culture assays were 
carried out using the Millicell hanging cell cul-
ture inserts (Millipore, Bedford, Mass.). My Stem 
EVO–lipoaspirate fluid was co-cultured, alterna-
tively, with primary cultures of calvaria-derived 
stromal cells (isolated as described previously24) 
and human umbilical vein endothelial cells (pur-
chased from Lonza, Basel, Switzerland, and cul-
tured as described previously28). Tested cells and 

Fig. 1. MyStem EVO device, tissue fractions, and adipose tissue histologic analysis. The diagram 
(left) exemplifies the structure of the device; the plastic hourglass contains the collection bag and 
filtering apparatus. The harvested lipoaspirate is introduced through the opening above (arrow 1), 
the waste washing buffer is collected from the intermediate opening (arrow 2), and the separated 
tissue fraction is finally collected from the opening below (arrow 3). All openings are provided 
with Luer-lock connectors for syringes (all included in the kit; see www.mystem.info for further 
details). (Center) Representative image from a single specimen. The fatty portion floats above the 
fluid portion (LAF). (Right) Representative Sudan III (above, right) and hematoxylin (below, right) 
staining results from the histologic evaluation of the microharvested adipose tissue recovered 
from the MyStem EVO device after the isolation protocol. The tissues displayed integer morphol-
ogy, with intact adipocyte membranes, and the presence of nucleated nonadipocyte cells within 
the stromal axis (arrows).

http://www.mystem.info
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MyStem EVO–lipoaspirate fluid were seeded in 
wells and in culture inserts, respectively.

Both cell lines were cultured until passages 3 
to 4, plated into six-well plates, and co-cultured 
with MyStem EVO–lipoaspirate fluid. Cells cul-
tured in standard growth medium and osteoin-
ductive medium served as negative and positive 
controls, respectively.

After 15 days, calvaria-derived stromal cells were 
fixed and stained using alizarin red, as described 
above. Human umbilical vein endothelial cells were 
analyzed after 24 hours using an invertoscope, and 
the acquisition of a differentiated phenotype was 
assessed by counting capillary-like structures with 
complete walls, as described previously.28

Statistical Analysis
All experiments were performed on at least 

three biological replicates. The statistical signifi-
cance of the differences between mean values was 
determined using one-way analysis of variance. 
A p value of ≤0.05 was considered significant. 
Results were expressed as mean ± SD.

RESULTS

Tissue Morphology
MyStem EVO allowed collecting, following the 

lipoaspirate fluid isolation protocol, intact adipose 
tissue lobules, with morphologically preserved 
cellular membranes, as confirmed by hematoxy-
lin staining. Spherical adipocytes with flattened 
peripheral nuclei (signet-ring cells) were clearly 
visible, along with other nucleated cells, without 
lipid content, placed in clusters along the axis of 
the stromal lobule (Fig. 1, right).

Harvest Yield
The volume of lipoaspirate fluid obtained from 

each specimen processed using both protocols was 
measured and normalized, dividing it for the vol-
ume of the whole liposuction aspirate. The average 
normalized volume was 0.31 ml lipoaspirate fluid 

per milliliter lipoaspirate. However, lipoaspirate 
fluid yield varied considerably among patients. 
The mean normalized volume was 0.47 ml of 
 MyStem EVO–lipoaspirate fluid per milliliter of 
introduced fluid (i.e., lipoaspirate volume plus 
washing solution volume). The volume of MyStem 
EVO–lipoaspirate fluid (i.e., lipoaspirate fluid col-
lected using MyStem EVO) was greatly influenced 
by the volume of washing solution used: the first 
10 ml allowed yielding of the majority of cells.

The normalized yield of cell isolation obtained 
with either protocol did not show any statistically 
significant difference (Fig. 2, left). The percent-
ages of viable cells isolated by the MyStem EVO 
device and the standard protocol were 75.87 per-
cent and 85.29 percent, respectively (Fig. 2, right).

Interestingly, when analyzing the total 
amounts of cells within the whole lipoaspirate 
fluid volume, the MyStem EVO kit provided 2.6- 
and 2.3-fold higher yields (total cells and viable 
cells), respectively, compared with the standard 
lipoaspirate fluid isolation method (p < 0.05), 
confirming that MyStem EVO–lipoaspirate fluid 
cells were more diluted (Fig. 3).

Comparative Characterization of Cells Isolated 
with the Alternative Protocols

The characterization of freshly isolated 
lipoaspirate fluid cells was performed accord-
ing to the guidelines provided in the literature.29 
Flow cytometric analysis was performed on freshly 
isolated lipoaspirate fluid obtained with the two 
alternative protocols.

As MyStem EVO–lipoaspirate fluid con-
tained a significant amount of blood-derived 
cells, only nucleated cells were analyzed. Compa-
rable expression of all tested antigens was found 
between standard lipoaspirate fluid and MyStem 
EVO–lipoaspirate fluid (Fig. 4).

Culture-Expanded Cells Isolated with the 
MyStem EVO Kit

Upon plating, all adherent cells homog-
enously displayed a spindle-shaped, bipolar 

Table 1. Antibodies Used for Immunophenotype Characterization by Flow Cytometry

Antibody Specificity Abbreviation Source

PE-CD31 Platelet endothelial cell adhesion molecule-1 PECAM-1 BioLegend (San Diego, Calif.)
FITC-CD34 Hematopoietic progenitor cell antigen 1 HPCA1 Miltenyi Biotec (Bergisch Gladbach, Germany)
FITC-CD44 Homing cell adhesion molecule H-CAM BioLegend
PE-CD45 Leukocyte common antigen LCA BioLegend
FITC-CD105 Endoglin SH2 Chemicon (Billerica, Mass.)
PE-CD105 Endoglin SH2 BioLegend
FITC-CD90 Thymus cell antigen-1 Thy-1 Chemicon
PE-CD73 Ecto-5′-nucleotidase BioLegend
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morphology (data not shown). Adherent-cells 
isolated with the MyStem EVO system (MyStem 
EVO–adipose-derived stem cells) and cultured up 
to the second culture passage were analyzed using 
flow cytometry and in vitro differentiation assays 
to confirm their immunophenotype and multilin-
eage potential.29

The profile of cell surface antigens resembled 
an adipose-derived stem cell–like immunopheno-
type: CD90+, CD105+, CD73+, CD45−, CD34−, and 
CD31− (Fig. 4, left). Furthermore, MyStem EVO–
adipose-derived stem cells coexpressed several 
stromal antigens (Fig. 4, right).

Fifteen days after adipogenic or osteogenic 
induction, histologic evaluation confirmed the 
acquisition of a differentiated phenotype: Sudan 
III stained evident lipid droplets in the cyto-
plasm of cells induced toward the adipogenic 
lineage (Fig. 5, above, right), and alizarin red 
stained mineralized matrix (Fig. 5, below, right), 
as a consequence of adipogenic and osteogenic 

in vitro induction, respectively. Matched nega-
tive controls (i.e., same cells cultured in standard 
growth medium) were negative for both stainings  
(Fig. 5, left).

Osteoinductive and Angioinductive Potential
Indirect co-culture assays allowed demonstrat-

ing that MyStem EVO–lipoaspirate fluid retained 
osteoinductive and angioinductive properties: 
matrix mineralization was induced in calvaria-
derived stromal cells co-cultured for 15 days with 
MyStem EVO–lipoaspirate fluid (Fig. 6, above, 
right). Fewer spots of alizarin-positive mineralized 
matrix were formed in negative controls (Fig. 6, 
above, left).

Human umbilical vein endothelial cells 
co-cultured with MyStem EVO–lipoaspirate 
fluid merged to form polyhedral closed struc-
tures delimiting a bidimensional lumen (Fig. 6, 
right) after 24 hours. The number of capillary-
like lumens was significantly higher in MyStem 

Fig. 2. Cellular yield and cell viability. Yields (left) obtained through either of the alternative pro-
cessing protocols, centrifugation from the blood/saline portion (LAF) and MyStem EVO kit from 
whole lipoaspirate (MyS-LAF), were analyzed using a Nucleocounter NC-100 system. Results are 
shown as number of cells per milliliter. (Right) Cell viability: the percentage of viable cells was 
calculated on the total number of cells per milliliter.

Fig. 3. Total number of cells. Although no statistical difference was found in cell yields and cell 
viability per milliliter, the MyStem EVO kit provided higher total cells and viable cell yields in the 
whole MyStem EVO–lipoaspirate fluid (MyS-LAF) volume compared with the standard lipoaspi-
rate fluid (LAF) isolation method (*p < 0.05).
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EVO–lipoaspirate fluid–treated cells than in nega-
tive controls (p < 0.01). No significant difference 
was observed between treated cells and positive 
controls (data not shown).

DISCUSSION
Adipose tissue stromal vascular fraction and 

stromal vascular fraction–derived cells have been 
tested in both preclinical and clinical settings, 
for diversified regenerative medicine applica-
tions. These include soft-tissue augmentation, 
improvement of irradiated and traumatized tissue 
fields, cosmetic applications,30–35 treatment of skin 
wounds, ulcers, scars, and burns36–39; regeneration 
of musculoskeletal tissues (bone, cartilage, and 
tendons)40–44; regeneration of ischemic myocar-
dium45–47; and rheumatic disorders.48,49

The rationale behind the reliability and multi-
ple purposes of this use resides in the fact that the 
stromal vascular fraction is endowed with autog-
enous vascular progenitors, stromal cells, and 
soluble trophic components (i.e., growth factors, 
cytokines, and structural matrix compounds). 
Therefore, the need for safe, reproducible, and 
fast systems for stromal vascular fraction separa-
tion and adipose-derived stem cell isolation has 
been stimulating the research and development of 
novel devices for fractionating the liposuctioned 

adipose tissue. Selected systems have recently 
been comparatively evaluated and proved to yield 
variable results in terms of number, biological 
properties, and safety profiles of the harvested 
viable cells.50

A nonenzymatic method, designed to exploit 
mild mechanical forces and to obtain a minimally 
manipulated fat derivative, allowed retention of an 
intact stromal fraction with intact vessels and cel-
lular components.51 The proposed device yielded 
clusters of microfractionated adipose tissue, but 
was not intended to separate and purify selected 
tissue fractions and/or to specifically isolate cells.

Williams and colleagues recently developed 
a totally integrated automated system for stromal 
vascular fraction isolation that requires minimal 
manipulation, representing a valuable clinical 
grade device.52 The system was tested in vivo, and 
proved to be suitable for obtaining implantable 
vascular grafts, implementing stromal vascular 
fraction cells seeded onto polytetrafluoroethylene 
scaffolds, ameliorating arterial patency.52 Also, 
Güven and colleagues validated a closed clinical 
grade device, based on tissue collection bags and 
a fluidics apparatus, for the enzymatic processing 
of lipoaspirates.53 This enabled highly efficient 
isolation of the stromal vascular fraction from the 
liposuctioned adipose tissue. Nonetheless, in both 
cases, the described protocols include collagenase 

Fig. 4. Immunophenotype of freshly isolated cells and culture-expanded MyStem EVO–lipoaspirate fluid cells. (Left) Expression of 
surface antigens was analyzed by flow cytometry comparatively on cells isolated through centrifugation from the blood/saline 
portion (LAF) and the MyStem EVO kit from whole lipoaspirate (MyS-LAF). Results are expressed as the percentage of positive 
cells over the total events for each tested antigen. (Right) Flow cytometric analysis of surface antigen expression of adherent and 
culture-expanded cells isolated from MyStem EVO–lipoaspirate fluid (MyStem EVO–adipose-derived stem cells). Single marker 
expression (above, right): percentage of cells expressing a given antigen. Marker coexpression (below, right): percentages of cells 
positive for a given antigen (shown on top right cell of each 2 × 3 table) that coexpress the additional antigens (shown in the left 
columns of each 2 × 3 tables). All results are shown as mean ± SD, across replicates.
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digestion and extended processing (>1 hour), 
which is poorly adaptable to single-step proce-
dures, in most surgical settings.

Recently, first Yoshimura et al.16 and then 
Francis et al.19 identified a population of adipose-
derived stem cell–like cells (i.e., lipoaspirate fluid 
cells) in the fluid portion of lipoaspirate adipose 
tissue specimens, separated through centrifu-
gation. Lipoaspirate fluid consists basically of a 
mixed suspension of blood-derived cells (CD45+) 
and adipose tissue–derived cells (CD45−), in a 
variable volume of fluid (consisting of blood and 
saline solution). In particular, adipose-derived 
cells comprise up to 90 percent cells with adipose-
derived stem cell–like properties, including most 
surface markers, multilineage potential, and tro-
phic features.16

Shah and colleagues confirmed that high-
yield isolation of adipose-derived stem cells 
can be achieved using a simple adipose tissue 
washing method54; these cells (i.e., lipoaspi-
rate fluid cells) displayed a more homogeneous 

immunophenotype (less CD45+ and CD34+; 
increased CD44+, CD73+, and CD90+) compared 
with cells isolated through standard enzymatic 
processing, despite showing similar bilineage 
potentials.54 Conversely, another study compared 
the immunophenotype of lipoaspirate fluid– and 
processed lipoaspirate–derived cells, and found 
a higher percentage of CD34+ in freshly isolated 
lipoaspirate fluid cells than in processed lipoaspi-
rate cells, with similar expression of CD29, CD44, 
CD133, and HLA-DR.17

The MyStem EVO kit, tested in this study, is a 
brand new device enabling collection and mini-
mal manipulation of liposuctioned adipose tissue, 
already introduced in the marketplace of clinical 
devices. To the best of our knowledge, this study 
is the first available documented preclinical vali-
dation of the device, aimed at testing its efficacy 
in terms of yield and biological properties of the 
isolated cell suspension.

Even though the device is claimed to be suit-
able for stromal vascular fraction purification (see 

Fig. 5. Adipogenic and osteogenic assays. MyStem EVO–adipose-derived stem cells differentiated toward the adipo-
genic and the osteogenic lineages after 15 days of culture with the appropriate differentiation medium, as confirmed 
by Sudan III (above, right) and alizarin red (below, right) staining. Corresponding control cells (grown in standard 
complete culture medium) were negative for both stainings (left).
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promotional info on http://www.mystem.info), 
our data documented that the system actually 
enabled, more properly, the reproducible separa-
tion of lipoaspirate fluid cells from lipoaspirate 
specimens. The system allowed simple and rapid 
processing of human lipoaspirates within a closed 
sterile device based on mesh filters, thus being 
suitable for direct use in the operating room. In 
this study, we have tested the entire procedure in 
14 independent replicate experimental samples, 
confirming that it is efficient in terms of lead time 
and yield of isolation, regardless of interindivid-
ual variability. In particular, the time required for 
the entire processing proved to be 10- to 15-fold 
and two- to three-fold shorter than those needed 
for the collagenase digestion protocol12 and the 
lipoaspirate fluid isolation protocol,16,19 respec-
tively. This short processing time proved to be 
suitable to enable implementing the MyStem 
EVO into one-step surgical procedures.

The tested advantages of the system are as 
follows: (1) it allows lipoaspirate fluid separa-
tion, without the need for centrifugation or time-
consuming tissue processing; (2) the processing 
steps are carried out within the closed device, 
without operator manipulation, thus reducing 
the risk of contamination and being suitable for 
direct use in the operating room; and (3) the 
yield and quality of MyStem EVO–lipoaspirate 
fluid obtained from multiple donors was highly 
reproducible, suggesting that the device allows 
an efficient harvesting of lipoaspirate fluid cells, 
which is poorly affected by operator-derived or 
patient-related biases.

Overall, the MyStem EVO device, compared 
with the standard protocol, produced a higher 
volume of lipoaspirate fluid, with comparable cel-
lular density, normalized cellular yield, and viabil-
ity. The cellular yield achieved with the device was 
comparable to that obtained using centrifugation, 

Fig. 6. Osteoinductive and angioinductive potential: co-culture assays. On co-culture with MyStem EVO–lipoaspirate 
fluid, calvaria-derived stromal cells set up matrix mineralization spots stained by alizarin red (above, right). Corre-
sponding control cells (above, left) were negative for the staining. Human umbilical vein endothelial cells cultured 
in the presence of MyStem EVO–lipoaspirate fluid merged to form polyhedral closed structures delimiting a bidi-
mensional lumen (below, right). The number of such capillary-like lumens was significantly higher in MyStem EVO–
lipoaspirate fluid–treated cells than in negative controls (below, left).

http://www.mystem.info
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thus confirming that the tested procedure allows 
recovering all lipoaspirate fluid cells, without sig-
nificant loss within the dead volume of the fluidic 
system. Cell characterization allowed classifying 
adherent cells isolated through the device as adi-
pose-derived stem cells, based on their morphol-
ogy, immunophenotype, growth features, and 
multilineage potential, according to the Federa-
tion for Adipose Therapeutics and Science/Inter-
national Society for Cellular Therapy guidelines.29

Given that native stromal vascular fraction is 
inherently heterogeneous, our data confirmed 
that lipoaspirate fluid cells and, in particular, 
MyStem EVO–lipoaspirate fluid cells, represent a 
more selected cell population, with stromal immu-
nophenotype and multilineage potential. Indeed, 
usually the selection of a cellular subpopulation 
within a biological specimen is achieved by either 
plastic adherence or immunomagnetic sorting,55 
both being poorly suitable for rapid autograft-
ing, because of increased lead time and exten-
sive tissue manipulation (requiring a cell factory 
environment).

A recent study described an alternative 
lipoaspirate fluid isolation protocol, based on 
adherent columns, allowing the effective removal 
of red blood cells and an adipose-derived stem cell 
yield comparable to that obtained using standard 
protocols.56 Interestingly, a higher number of via-
ble cells were subcultured in vitro, from samples 
obtained through this column-based method.56

Our data also demonstrated that the  MyStem 
EVO–lipoaspirate fluid retains osteoinductive 
and angioinductive properties in vitro when co- 
cultured with calvarial osteoprogenitors and 
human umbilical vein endothelial cells, respec-
tively. These data may suggest that the lipoaspi-
rate fluid separated from the lipoaspirate through 
the MyStem EVO device retains trophic soluble 
factors, making it a valuable tool for improving 
regeneration and healing of mesoderm-derived 
tissues, requiring angiogenic stimuli.

The potential applications of lipoaspirate 
fluid and lipoaspirate fluid cells in vivo have 
been poorly explored so far. A single study tested 
in vivo the adipogenic capacity of these cells in 
nude mice. In this model, lipoaspirate fluid cells 
mixed with fibrin glue were able to form new adi-
pose tissue, comprising a vascularized connective 
stroma and fully differentiated adipocytes.17 This 
original finding confirms the possibility of devel-
oping feasible regenerative medicine approaches 
based on lipoaspirate fluid cells, to replace cul-
ture-expanded adipose-derived stem cells. In this 
regard, it is worth mentioning that, despite the 

current lack of scientific evidence produced in 
preclinical models, the MyStem EVO has already 
been introduced in the clinical field, where it 
proved to be efficient in treating soft-tissue defects.

CONCLUSION
In this study, we provided the first validation of 

a closed device enabling minimal tissue manipula-
tion to collect adipose tissue and to rapidly sepa-
rate lipoaspirate fluid cells, suitable for direct use 
in selected regenerative medicine applications.
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