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ABSTRACT
Exosomes (EXOs) are membrane vesicles released
bymost of cell types. EXOs contain lipids, proteins,
and RNA (mRNAs, micro RNAs, non-coding
RNAs). EXOs have been shown to have diagnostic
and therapeutic potential. Secreted EXOs trans-
port to other cells and deliver their contents into re-
cipient cells playing a role in cell-to-cell
communication. Adipose tissue and adipose-de-
rived stromal cells (ADSCs) represent a promising
therapeutic option in regenerative medicine and
tissue engineering applications. ADSCs effects on
immunomodulation and tissue repair may be at-
tributed to paracrine secreted factors, including
EXOs. Here we examine whether human adipose
tissue processing methods could affect the EXOs
content of the final cell/tissue, comparing non-en-
zymatic and enzymatic methods.
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INTRODUCTION
Exosomes (EXOs) are membranous vesicles ranging
between 30-200 nm. EXOs are released by most cells
types and are found in most biological tissues and flu-
ids1-4. It is known that EXOsmay play a role in cell-to-
cell communication not only in neighbor cells but also
over long distances modifying phenotype and func-
tions of recipient cells5. EXOs carry lipids, proteins,
and, nucleic acids (e.g., mRNA,microRNA, non-cod-
ing RNA)6 and recently shown, genomic DNA7,8.
Human adipose tissue is an abundant and acces-

sible source of mesenchymal stromal cells which
have potential therapeutic applications in regenera-
tive medicine and tissue engineering9. These cells
have been studied in tissue engineering because of

their potential to differentiate or expand into differ-
ent cell types and promote tissue repair and regen-
eration at the site of tissue injury10-12. In fact, it has
been proposed that the therapeutic effect of adipose-
derived cell products could be related to their
paracrine potential and not to their engraftment or
differentiation at target sites13-15. The paracrine po-
tential of these cell products could be related to cy-
tokine secretion, mitochondrial transfer and EXOs
secretion at the site of injury15-19.
Lipoaspirated adipose tissue collected by liposuc-

tion surgeries are used for therapeutically either im-
mediately or with minimally manipulated procedures
or following isolation and expansion of adipose-de-
rived stromal cells (ADSCs). The standard procedure
to isolate ADSCs involves an enzymatic tissue di-
gestion. Nevertheless, there are alternative novel en-
zyme-free technologies to process lipoaspirates20,21.
In this present study, we hypothesized that adi-

pose tissue processing methods could affect the
amount of EXOs that are present in the final tis-
sue/cell product used clinically for selected appli-
cations. To address our hypothesis, we characterized
EXOs isolated from human lipoaspirate adipose tis-
sue processed by enzymatic digestion and a non-en-
zymatic, mechanical method.

MATERIALS AND METHODS

ETHICS STATEMENT
This study was initiated upon approval by the Insti-
tutional Review Board (IRB) of the University of
Miami. Subjects (females between the ages of 22 to
43 years) were enrolled at Top Body Sculpting Re-
juvenation Center (Weston, FL, USA). All speci-
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2 M. García-Contreras, F. Messaggio O. Jimenez, A. Mendez Lipogems® fresh sample consisted of 5 ml of Li-
pogems® tissue product re-suspended in 10ml of PBS
and kept refrigerated overnight at 4°C. Lipogems®
overnight sample consist in 5 ml of Lipogems® tissue
product re-suspended in αMEM medium (Gibco,
Thermo Scientific, Grand Island, NY, USA) supple-
mentedwith 1%Penicillin/Streptomycin and plated in
100mm culture dish, kept overnight at 37°C in humid
atmosphere containing 5% of CO2.

Lipoaspirate + collagenase samples (EZ):The en-
zymatic protocol was performed according previously
published method by Katz et al (23), to obtain cells
from the stromal vascular fraction (SVF) the lipoaspi-
rate was treated with collagenase I (Sigma) for 30min
at 37°C. Enzyme activity was neutralized with an
equal volume of Dulbecco’s modified eagles medium
(DMEM Low Glucose) (Gibco) supplemented with
10% Fetal Bovine Serum (FBS, Hyclone) and the in-
franatant was collected after centrifugation for 10min
at 2000 rpm. The cellular pellet (consisting of the
SVF)was washed three times in PBS in order to elim-
inate any enzyme residues. The EZ fresh samples con-
sisted of the SVF pellet resuspended in 10 ml of PBS
and kept at 4°C overnight. EZ overnight samples con-
sisted of the SVF in 10 ml of αMEM supplemented
with 1% Penicillin/Streptomycin and plated in a 100
mm culture dish, kept overnight at 37°C in humid at-
mosphere containing 5% of CO2.
After the incubations the medium was collected

and centrifuged at 300 g for 30 min at 4°C to re-
move cells and tissue and to obtain the EXOs con-
taining fraction. The resulting samples were
preserved at -20°C prior to processing24.

EXOSOME ISOLATION
EXOs from LG and EZ, were isolated by differen-
tial ultracentrifugation (Figure 1). First, samples
were rapidly thawed in warm water, centrifuged at
300 g for 30 min at 4°C to remove cell remnants and
debris then supernatants were filtered (0.22 µm
pore). EXOs were pelleted by ultracentrifugation at
110,000 g for 2 hours at 4°C. Then EXOs were
washed in PBS and centrifuged again at 110,000 g
for 2 hours at 4°C, and finally resuspended in 200 µl
PBS and stored at -20°C.

NANOPARTICLE TRACKING ANALYSIS (NTA)
Isolated EXOs were diluted in sterile PBS and ana-
lyzed by NanoSight NS300 and Nanosight NTA2.3
Analytical Software (Malvern Instruments Com-
pany, Nanosight, and Malvern, United Kingdom).
At least three measurement were performed for each
sample.

mens were negative for HIV (Human Immunodefi-
ciency Virus 1 and 2), HCV (Hepatitis C Virus),
HBV (Hepatitis B Virus) and cytomegalovirus. All
subjects signed the IRB approved informed consent
prior to adipose tissue collection by liposuction.

SAMPLES COLLECTION
Human adipose tissue samples were obtained from
elective liposuction procedures under local anes-
thesia (n=5) (Table 1). The procedure involved an
infiltration step, in which a solution of saline and
the vasoconstrictor epinephrine (2 µg/ml) was in-
fused into the adipose compartment to minimize
blood loss and contamination of the tissue by pe-
ripheral blood cells. Subsequently, an inspiration
step (lipoaspirate) was performed using a 10 cc luer
lock syringe connected to a disposable 19 cm blunt
cannula (3 mmOD), with 5 oval holes (1x2 mm).A
few strokes using a standard liposuction technique
were enough to harvest 6 to 10 ml of fat tissue.

PROCESSING OF ADIPOSE TISSUE SAMPLES
AND PREPARATION FOR EXOS ISOLATION
Lipoaspirates obtained from abdominal subcutaneous
fat were processed by either a mechanical fragmenta-
tion method or digestion with collagenase. EXOs
were subsequently isolated from the processed tissues.
The methods are described in detail below.

Mechanical method samples (LG): Non-enzy-
matic processing was performed using Lipogems®
devices which are patented instruments
(PCT/IB2011/052204) that allow processing of
lipoaspirate adipose tissue, through a two-step tissue
cell cluster reduction process. The first step was a
cluster reduction obtained by passing the tissue
though a 4 mm2 mesh, follow by an emulsification
step that removed of oil and blood residues using a
saline solution counter-flow through the device.After
the wash step, a second cluster size reduction step
was obtained by passage through a 1 mm2 mesh20-22.

Table 1. Subjects information.

Sample Age Gender Height Weight
(ft,in) (lbs)

Donor 1 33 Female 5’3’’ 162.3
Donor 2 43 Female 5’7’’ 233
Donor 3 34 Female 5’3’’ 170
Donor 4 32 Female 5’4’’ 143
Donor 5 22 Female 5’1’’ 152



STATISTICAL ANALYSIS
Data are presented as mean±SD, with n=5 samples
per group. The effect of different treatments on
EXOs concentration and size, were assessed by un-
paired, two-tailed t-test. Statistical significance was
defined as p<0.05.

RESULTS

MORPHOLOGICAL OBSERVATION OF EXOSOME SAMPLES

EXOs morphological Nanosight NTA analysis was
performed from human adipose tissue lipoaspirates
processed by non-enzymatic (n=5) and enzymatic
methods (n=5). Fresh samples and samples cultured
overnight at 37°C samples from the same tissue
products were analyzed. EXOs purification was
confirmed in all samples by Nanosight NTA (Fig-
ure 2).

PARTICLE SIZE DISTRIBUTION OF EXOSOME SAMPLES
The size distribution of the EXOs was measured
and results are shown in Figure 3 and Figure 4. The
data show that the range of particles using Brown-
ian motion have the expected EXOs size range of
30-200 nm (Figure 3). There were no significant dif-
ferences between EXOs sizes in the different sam-
ples (Figure 4).

DETERMINATION OF EXOS CONCENTRATION
To determine the effect of non-enzymatic and en-
zymatic methods on the final EXOs content of
adipose derived tissue/cell products, EXOs con-
centration was measured (Figure 5). The particle
concentration demonstrated that LG final products
had a significantly higher concentration of
nanoparticles compared to exosome fractions
from enzymatically treated final products (Figure
5). LG treated fresh samples demonstrated a sig-
nificantly higher nanoparticle concentration com-
pared to EZ fresh samples (178.2 x 108 ± 74.0 vs
36.2 x 108± 33.16, p < 0.0001). Similar results
were obtained in the samples cultured at 37°C
overnight (168.0 x 108± 99.0 vs 26.90 x 108 ±
25.6, p < 0.0001). EXOs isolated from either
method had similar concentrations from fresh and
overnight samples (Figure 5).

DISCUSSION
The data presented indicate that significant differ-
ences in the quantity of EXOs released or secreted
were observed when lipoaspirate tissue samples
were processed by different methods (LG or EZ).
The LG (the non-enzymatic method) resulted in a
significantly higher concentration of EXOs com-
pared to the enzymatic method. These observed dif-
ferences could arise for several reasons.

Differences in exosome content of human adipose tissue 3

Figure 1. Differential centrifu-
gation procedure used for exo-
some isolation.
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Figure 2. Images of EXOs
identified by nanoparticle
tracking analysis (NTA). Li-
pogems fresh sample (A),
Lipoaspirate + Collagenase
fresh sample (B), Lipogems
cultured overnight at 37°C
sample (C), Lipoaspirate +
Collagenase cultured over-
night at 37°C sample (D).

Figure 3. Representative cell-derived extracellular exosomes (EXOs) size analyzed bymeasurement with NanoSight. Three different
preparation of each sample (n=5) were analyzed with similar results. EXOs maintain the same size distribution in all samples (A)
LipoGems fresh (B) LipoGems overnight, (C) Lipoaspirate + collagenase fresh and (D) Lipoaspirate + collagenase overnight.



First, the enzymatic treatment of cells will digest
the extracellular matrix surrounding the cells possi-
bly affecting cell secretory functions. Second, the di-
gestion could also damage the cells, affecting cell
function and viability. Third, the enzymatic method
could be too aggressive and destroy exosomes dur-
ing the processing. In contrast, the mechanical
method is relatively gentle after the initial tissue
cluster reduction and provides for removal of debris
and single cells during the processing. The resulting
tissue clusters maintain cells in a more “native” en-
vironment that may help to better support cell func-
tion including release and secretion of EXOs. These
possibilities may account for the increased numbers
of EXOs obtained by the LG method compared to
the EZ method. Since EXOs have been reported to
exhibit important paracrine factors affecting the ther-
apeutic potential of tissue and cellular products, tis-
sue processing methods that preserve the paracrine

potential of tissue/cell products could affect outcome
in different cell therapy and regenerative medicine
applications. Further studies will be necessary to bet-
ter characterize the composition and function of
EXOs present in the final tissue/cell products.
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