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Abstract: Background: Developing an efficient and standardized method to isolate and characterize 
adipose-derived stem cells (ASCs) from the stromal vascular fraction (SVF) of the adipose tissue for 
clinical application represents one of the major challenges in cell therapy and tissue engineering.  
Methods: In this study, we proposed an innovative, non-enzymatic protocol to collect clinically use-
ful ASCs within freshly isolated SVF from adipose tissue by centrifugation of the infranatant portion 
of lipoaspirate and to determine the characteristic cytofluorimetric pattern, prior to in vitro culture. 
Results: The SVF yielded a mean of 73,32 ± 10,89% cell viability evaluated with CALCEINA-FITC, 
i.e. cell-permeant dye. The ASCs were positive for PC7-labeled mAb anti-CD34 and negative for 
both PE-labeled mAb anti-CD31 and APC-labeled mAb anti-CD45. The frequency of ASCs esti-
mated according to the panel of cell surface markers used was 51,06% ± 5,26% versus the unstained 
ASCs subpopulation that was 0,74%±0,84% (P<0.0001). The ASCs events/𝜇L were 1602,13/𝜇L ± 
731,87/𝜇L.  
Conclusion: Our findings suggested that ASCs found in freshly isolated adipose SVF obtained by 
centrifugation of lipoaspirate can be immunophenotypically identified with a basic panel of cell 
surface markers. These findings aimed to provide standardization and contribute to reducing the 
inconsistency on reported cell surface antigens of ASC derived from the existing literature.  
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1. Introduction 
Far from being an inert energy reservoir, adipose tissue is a highly bioactive tissue 

that has come more and more into the focus of regenerative medicine and tissue engineer-
ing in the last two decades. Mesenchymal stem cells (MSCs) can be obtained from adipose 
tissue and have appeared to be a particularly attractive and useful tool in cell therapy [1-
4]. MSCs are a heterogeneous adult stem cell population of stromal progenitor cells that 
originate from the mesodermal layer of the embryo [5].  MSCs have been isolated from 
the stromal fraction of almost every type of adult and embryonic tissue in the body, in-
cluding nervous tissue, skeletal muscle, dental tissues, adipose tissue, and in perinatal 
tissues such as the umbilical cord, Wharton's jelly, and the amniotic membrane [2, 6-9]. 

Adipose-derived stem cells (ASCs) are regarded as one of the most promising and 
attractive sources of adult or somatic stem cells identified thus far for cell therapy and 
regenerative medicine across a wide range of diseases [10]. ASCs are included in and iso-
lated from the adipose tissue’s stromal vascular fraction (SVF), which consists of a heter-
ogeneous mesenchymal cell array, including not only ASCs but also preadipocytes, fibro-
blastic cells, endothelial cells, pericytes, vascular smooth muscle cells, hematopoietic lin-
eage cells [11-15], macrophages and lymphocytes [16-18]. 
With the blossoming of the mesenchymal cell therapy’s field for regenerative medical 
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applications, the International Federation for Adipose Therapeutics and Science (IFATS) 
recommended clarification of the nomenclature for these cells by adopting the term adi-
pose-derived stem cells or ASC referring to plastic-adherent, multipotent stromal cell pop-
ulation isolated from the SVF [19].  The investigators, that do not clearly show that these 
cells meet such criteria, should use the term “adipose-derived stromal cells”, which is 
more scientifically accurate. Hence, the inclusive acronym of ASC can mean both. This 
article is conformed to the IFATS nomenclature and advocates its use. 

Many different protocols for ASCs isolation appear in the literature [20], but a com-
mon standardized procedure is lacking, mostly due to the large inter- and intra-laboratory 
as well as donor-specific variabilities. The enzymatic digestion using manual or semiau-
tomated systems to isolate ASC is the most common method [21,22] however, enzymatic 
treatment can affect the yield, quality, and effectiveness of ASCs, making them be consid-
ered more than “minimally manipulated,” by U.S. Food and Drug Administration (FDA) 
guidance documents [23,24].  Therefore, although the procedure has proven effective, 
scientists have been interested in developing non-enzymatic or alternative methods to iso-
late ASCs starting with liposuction material [1, 25-28] to make it less expensive and time-
consuming for clinical application. The non-enzymatic, i.e. mechanical dissociation, meth-
ods have been a topic of great interest because of the potential less restrictive regulatory 
approach set forth by the US FDA [23,24].  

In addition, despite extensive in vitro ASC characterization, many important aspects 
regarding their in vivo biology were still unclear. Given their mesenchymal origin, it has 
been shown that the bona fide anatomical origin of MSCs in situ is the perivascular location 
of adult tissues, close to the artery and vein walls [29-31]. Specifically, it has been demon-
strated that in the sinusoidal niches of bone marrow and the mural cell compartment of 
adipose and skeletal muscle vasculature the respective tissue progenitors reside [32-35].  
Hence, the identification of perivascular MSC progenitors in human tissues has clarified 
the MSC identity in vivo and explains why they can be isolated from a multitude of organs 
[7, 31, 35]. The local environment in which the MSCs originate, the so-called stem cell 
niche, is of paramount importance in influencing and establishing the properties and phe-
notype of MSCs, resulting in many similarities and differences among the MSCs obtained 
from diverse human tissues [29-31]. 

For all the above-mentioned reasons, it is largely recognized by today’s scientific 
community the necessity to establish a common isolation method and a standard charac-
terization of human stromal and stem cells from SVF and ASCs to facilitate the compari-
son of the study outcomes and so the clinical research advancement within the field of 
adipose science. In this study, we proposed an innovative, non-enzymatic protocol to col-
lect clinically useful ASCs within freshly isolated SVF from adipose tissue by centrifuga-
tion of the infranatant portion of lipoaspirate and to determine the characteristic cytofluo-
rimetric pattern, prior to in vitro culture. 

2. Materials and Methods 
2.1. Cell Harvesting and Processing  

The study was performed at Vista Vision between September 2018 and December 
2019. Human adipose-derived stem cells included in SVF were obtained from patients 
under full approval of Low Vision Academy’s Institutional Review Board and under the 
tenets of the 1964 Declaration of Helsinki (No. 2017/MC057, 4 May 2017). Informed con-
sent was obtained from all subjects involved in the study. The harvest of the adipose tissue 
of the abdomen was surgically removed from patients during elective ocular surgery [36] 
by PL, MD, in the operating room of Vista Vision. The harvest and the post-harvest fat 
processing method were conducted according to the Coleman technique by two trained 
doctors, CL and MT. Briefly, 10 mL of fat are harvested from the abdominal subcutaneous 
layer of each patient using a 3-mm blunt cannula connected to a locking syringe. The 
lipoaspirate is then centrifugated at 1500g of speed for 5 min at 20°C to eliminate nonvia-
ble components, including cellular debris and oil [37]. Finally, the bottom fluid portion of 
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lipoaspirate from the centrifugated fat was drained, discarding blood, water, and aqueous 
components [38]. This method has demonstrated to obtain a higher concentration of adi-
pose-derived mesenchymal stem cells within aspirate, reporting no damages to the struc-
tural integrity of adipose tissue and increased content of growth factors [39]. 

2.2. Cell Isolation 
SVF was obtained from patients affected with eye diseases who underwent elective 

surgery and were isolated under fresh conditions. The isolation of SVF was manually per-
formed from each patient’s lipoaspirate in a clean room near the operating room, accord-
ing to a previously described method [40]. Briefly, the adipose portion of the lipoaspirate 
was washed with phosphate-buffered saline (PBS; Biological Industries) and mix with 2.5 
mg/ml collagenase type II (Worthington Biochemical Corporation, Lakewood, NJ) for the 
enzymatic digestion. The collagenase/adipose mixture was placed in a 37°C water bath 
for 30 min. to create a single-cell suspension and then filtered through a 100 µ cell strainer 
and finally to a 45 µ mesh. It was centrifugated for 5 min. at 1200 x g to collect the cellular 
SVF as a pellet. 

2.3. Flow Cytometry  
Once isolated, characterization of the cell composition of freshly-isolated SVF has 

been accomplished through multi-color flow cytometry (CytoFLEX Flow Cytometer, Back-
man Coulter, USA) that allows the identification of the surface marker expression of the 
cells in vitro. The panel of cell surface antigens was chosen in agreement with IFATS and 
the International Society for Cellular Therapy (ISCT) recommendations [10]. The immuno-
phenotypic analysis is performed to confirm the mesenchymal nature of isolated cells. The 
following fluorochrome-labeled monoclonal antibodies were used for SVF analysis: 
CD31-PE, CD34-PC, and CD45-APC (Backman Coulter, USA) (Table 1).  

- CD31 or platelet endothelial cell adhesion molecule (PECAM-1) is normally found on 
endothelial cells, platelets, macrophages and Kupffer cells, granulocytes, lympho-
cytes, megakaryocytes, and osteoclasts 

- CD45 or protein tyrosine phosphatase, receptor type, C (PTPRC), Leukocyte common 
antigen (LCA), panhematopoietic marker expressed on all human white blood cells  

- CD34, cell-cell adhesion molecule, a marker for pluripotent stem cell, expressed on 
all hematopoietic progenitor cells 

The markers were used in combination with ViaKrome (Backman Coulter, USA), 
which determines cell viability, excluding debris and dead cells induced by the isolation 
protocol. Cells were incubated with specific mAbs for 15 min. At least 105 cells were ac-
quired from each sample. The software CytEpert Version 2.2.0.97, CytoFLEX (Beckman 
Coulter, Inc) was used to create dot plots and to calculate the cell composition percentages 
according to the profile of the surface marker expression. 
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2.4. Statistical analysis 
All statistical analyses were performed using software SPSS Statistics (version 20.0, 

SPSS Inc, Chicago, IL). Data were summarized with the mean ± standard deviation (SD) 
and minimum and maximum (min-max) values were also reported. The student’s paired 
t-test was used to compare values between stained cells and unstained controls.  A p-
value < 0.001 was considered statistically significant.  

3. Results 
3.1. Patient Characteristics 

A total of 32 patients with atrophic AMD (15 males and 17 females; mean age 69.4 
years, range 50–83 years) undergoing elective surgery were recruited for the study. Table 
2 shows the clinical features of the enrolled patients. 

 

3.2. ASCs Immunophenotypic Characterization 
For immunophenotypic characterization of ASCs within the SVF, freshly isolated 

cells were examined for surface antigen expression using flow cytometry. Flow cytometry 
data were gated (Fig. 1) to identify possible stromal cell subpopulations. The SVF yielded 
a mean of 73,32 ± 10,89% cell viability evaluated with CALCEINA-FITC, i.e. cell-perme-
ant dye, to reduce the analysis distortion caused by the possible presence of dead or apop-
totic cells. The ASCs were positive for CD34 and negative for CD31 and CD45. The fre-
quency of ASCs estimated according to the panel of cell surface markers used was 
51,06%  ±  5,26% versus the unstained ASCs subpopulation that was 0,74% ± 0,84% 
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(P<0.0001). The ASCs events/𝝁L were 1602,13/𝝁L ± 731,87/𝝁L. The results of this analysis 
are shown in Figures 1, 2, 3, and Table 3. 

 
Figure 1. Representative flow cytometric histograms of adipose-derived stem cells within the SVF. 
Fluorescent dot plot showing cells within the freshly-isolated lipoaspirate (a). Dot plot showing 
cells unstained (b) and stained by antibodies directed against CD45, CD31, CD34 (c). The results 
are presented in brackets as a percent of positively stained cells. 

 
Figure 2. Immunophenotype characterization of ASCs represented by two-dimensional flow cy-
tometry histograms. (a, d, g) Histograms represent an isotype-matched negative Ab control (gray 
line) and Abs against CD45, CD31, CD34 respectively (black line); (b, e, h) histograms represent 
control antibody staining; Histograms displaying staining for CD45-FITC, the panhematopoietic 
marker (c), CD31-PE, found on endothelial cells, platelets and leukocytes (f) and CD34-PC, marker 
for pluripotent stem cells (i). Insets indicate markers and percentages of positively stained cells. 
Specific-marker fluorescence intensity and cell counts are indicated in abscissa and ordinate re-
spectively. 
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Figure 3. Phenotype characterization by flow cytometry of cell fraction in the stromal vascular 
fraction containing ASCs. Freshly isolated SVF cells were analyzed using three specific mAb anti-
bodies labeled with three different fluorochromes: PE-labeled mAb anti-CD31, PC7-labeled mAb 
anti-CD34, APC-labeled mAb anti-CD45. The CD31- CD45- cell fraction was gated to characterize 
the ASCs population that was CD34+. Data are expressed as mean and standard error. N = 32. *P-
value > 0,0001 Unstained vs. Stained. MF = Mean Fluorescence; ASCs = adipose-derived stem cell. 

4. Discussion 
In the present study, we determined the cytofluorimetric pattern of ASCs within 

freshly isolated SVF obtained by centrifugation of the infranatant portion of lipoaspirate 
from adipose tissue. Multicolor flow cytometry assays were used to identify and quantify 
surface marker profiles of cells, showing different subpopulations within the adipose SVF. 
The main populations within the crude SVF have been identified based on distinct im-
munophenotype: blood-derived cells, that are positive for CD45; adipose-derived cells, 
that are negative for CD45; the latter subset was further divided into vascular endothelial 
cells CD31+ CD34+ and stem cells from the adipose tissue-derived stromal vascular frac-
tion (native ASC in the SVF), that have a negative expression for CD31 and positive ex-
pression for CD34.  The SVF composition, fresh ASCs yield, and cell viability in our sam-
ple set were relatively consistent, suggesting that the isolation protocol was successfully 
performed. 

CD45 marker, LCA, is commonly used to identify peripheral blood-derived cells, ex-
cluding erythrocytes, and allows to exclude blood cells contained in the liposuction aspi-
rates for the substantial amount of hemorrhage [40]. The negativity of ASCs for CD45 is 
consistent with their mesodermal origin [1, 10]. 

CD31 marker, platelet-endothelial cell adhesion molecule-1 or PECAM-1, is the clas-
sic marker for endothelial cells and their precursors and, in combination with CD45 and 
CD31 allows to exclude the CD45- CD31+ endothelial sub-population [10]. 
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CD34 marker has been shown to be expressed by hematopoietic stem cells and by 
other mesenchymal precursors [1, 10]. It has recently been accepted that freshly isolated 
ASCs and other native MSCs in vivo express CD34; nevertheless, its expression decreases 
until disappearing after a short culture time in vitro [41, 42]. 

It is recommended to choose the class III CD34 antibodies to characterize the SVF 
cells with the most consistent signal intensity, given that different classes of CD34 anti-
bodies exist and detect specific epitopes, influencing the signal intensity detected on a 
given cell population [10]. Indeed, the percentage of CD34+ positive cells is variable from 
80% to 3,5% among investigators, depending on the harvesting methods and isolation 
techniques [10, 43, 44]. Other additional surface markers, best used in combination with 
others, have been proposed to better identify stromal cells within SVF: CD13 (aminopep-
tidase N) and CD73 (lymphocyte-vascular adhesion molecule-2), CD90 (Thy-1), CD105 
(endoglin), CD29 (b1 integrin) and CD44 (homing cell adhesion molecule). Other second-
ary positive markers are CD10 (CALLA), CD26 (dipeptidyl peptidase-4), CD36 (fatty acid 
translocase), CD49 (Very Late Antigen-4) isoforms. Primary stable negative marker are 
CD31 (PECAM-1), CD45 (LCA), CD235a (glycophorin A) (<2%) [10]. 

Although the immunophenotype of ASC is relatively congruent between independ-
ent investigators, the characterization of both ASCs and cellular contents of freshly-iso-
lated SVF is still lacking standardization, hindering the comparison of the study outcomes 
and so the clinical research advancement within the field of adipose science.  

The principal hampering points for the characterization of both SVF cells and ASCs 
are mostly due to the large inter- and intra-laboratory as well as donor-specific variabili-
ties.  

Firstly, variability between donors, in terms of age, gender, ethnicity, body mass in-
dex, and pre-existing diseases can contribute to determining heterogeneity in the cell pop-
ulations and so the antigen expression. Secondly, the several differences in anatomical 
harvest site, the high variation in the range of cell isolation methods, post-isolation pro-
cessing, and culture protocols are likely to skew the distribution of the SVF constituents 
[10, 45-49]. A variety of techniques to obtain adipose tissue can be drawn from the litera-
ture, all aiming to reduce the occurrence of cellular damage and to preserve the tissue 
architecture. The most widely used harvest approaches are needle biopsy or liposuction 
aspirate; the latter one is preferable for clinical purposes as it has been reported to provide 
higher proliferation potential and higher differentiation rate than fat biopsy, without sig-
nificantly alter the viability of SVF cells [46]. Finally, the last step is the isolation of ASCs. 
The purified ASCs from SVF can be used either as freshly isolated or cultured and a vari-
ety of methods have been described by different Authors. 

Up to now, the method for ASC isolation described in 2001 by Zuk [1] and coworkers 
is still the most commonly used. According to established methodologies [1], the freshly 
harvested lipoaspirate is washed with sterile phosphate-buffered saline (PBS), then the 
ECM is digested at 37°C for 30’ with 0.075% collagenase in order to isolate the SVF. To 
avoid over-digestion, the reaction is then neutralized with Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% FBS and the cell suspension is centrifugated at 1200× g 
for 10 min. The centrifugation allows separating the SVF, which forms a pellet at the bot-
tom of the tube, from the mature adipocytes, oil, and cellular fragments which rise to the 
surface. The SVF pellet is resuspended in 160 mM NH4Cl and incubated at room temper-
ature for 10 min to lyse red blood cells, then it is centrifugated again (1200× g for 10 min) 
and filtered through a 100-mm nylon mesh in order to remove tissue fragments generated 
by the enzymatic procedure. Freshly isolated SVF cells are seeded into culture at 37°C in 
an atmosphere of 5% carbon dioxide (CO2). The culture medium contains 10% Fetal Bo-
vine Serum, 1% penicillin and streptomycin, and 1 mM Glutamine. After the overnight 
incubation, the plates are extensively washed with PBS to remove any cellular debris, so 
that only the plastic-adherent cell population can be selected: the ASCs.  

Since Zuk et al, many procedures to isolate and culture ASCs have been proposed 
that can differ very significantly, although they all stick to standard steps.  As mentioned, 
the enzymatic digestion using manual or semiautomated systems to isolate ASC is the 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 September 2021                   doi:10.20944/preprints202109.0139.v1

https://doi.org/10.20944/preprints202109.0139.v1


 

 

most common method [21,22] and consists of four steps: digestion, washing, centrifuga-
tion, and erythrocyte lysis. There is a consensus regarding digestion duration times (range 
of 30 min to >1 h) and temperature (37C). Finally, washing, centrifugation parameters, red 
blood cell lysis solution, and procedures, alongside filtration and culture conditions can 
substantially differ according to the protocols. Therefore, although the procedure has 
proven effective, many alternative, non-enzymatic methods have been described. 

For example, Rada et al. [50] have described a novel isolation method for ASCs from 
SVF using antibody-coated immunomagnetic beads. Compared to the standard enzy-
matic method, they demonstrated a lower yield of ASCs, but with a higher expression of 
stem cell markers and with better capacity for differentiation. 

Yoshimura et al. [40] were among the first to employ a non-enzymatic digestion pro-
tocol investigating the fluid portions of liposuction aspirates as sources of ASCs and con-
cluding that it may provide clinical utility similar to the conventional isolation method. 

Baptista et al. [51] have described a mechanical tissue digestion method to isolate 
ASC from lipoaspirate samples, concluding that it is cost-effective, time-saving, and gives 
a higher yield of cells compared to the digestion method.  

However, similar to the enzymatic procedures, the range of protocols for mechanical 
procedures also has shown high variations. In addition, several benchtop mechanical de-
vices have been fabricated to automate the ASC isolation process bypassing the cell ex-
pansion step and make it suitable for immediate clinical applications [21], however, they 
are limited by the low number of stem cells. 

In addition to this confusing mosaic, other discrepancies among authors are in the 
panel of antigens used for cell characterization, the threshold chosen for positive or nega-
tive staining, the not well-standardized gating parameters [10]. 

Another issue that complicates the comparisons between studies is that the charac-
terization of ASC surface markers substantially differs between freshly isolated ASCs in 
the SVF of adipose tissue and culture-expanded ASC [1, 10, 48-49].  

More characterization studies to identify the native ASCs population are needed. 
Therefore, it represents a dynamic and rapidly evolving area of research.   

To the best of our knowledge, we proposed a basic cytofluorimetric pattern of in vivo 
ASC population found in freshly isolated SVF obtained by centrifugation of the infrana-
tant portion of lipoaspirate from adipose tissue without purifying them by adherent cul-
ture isolation and expansion in vitro. We used a combination of positive and negative 
markers in the same multiparameter flow cytometric analysis to phenotype the cells and 
one viability dye to exclude apoptotic cells and other debris, indicating viability of ≥ 70% 
for ASCs, according to IFATS recommendations. 

The limitations in the present study were the restricted sample size, the small number 
of cytofluorimetric markers used, and the lack of functional characterization, which could 
be the subject for future studies.  

5. Conclusions 
Recently, clinical research on adipose tissue and the heterogeneous populations 

within its SVF has accelerated, and several scientific investigations are ongoing to examine 
the use of ASCs and SVF cells in regenerative medicine and tissue engineering [52]. To 
date, it is challenging to define a common isolation method and characterization profile 
of ASC found in the adipose tissue due to the discrepancy among researchers’ protocols 
and the small number of reports. Therefore, our study stemmed from this urgent need, 
fostering this collective effort of cell therapy standardization.  

In the present study, we determined the cytofluorimetric pattern of ASCs within 
freshly isolated SVF obtained by centrifugation of the infranatant portion of lipoaspirate 
from adipose tissue. Multicolor flow cytometry assays were used to identify and quantify 
surface marker profiles of cells, showing that ASCs were positive for CD34 and negative 
for CD31 and CD45 (P-value < 0,0001). 
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Further studies are needed to consolidate the immunophenotype identification of na-
tive ASCs, which should be considered dynamic, to support their significant clinical util-
ity for regenerative medicine applications, and more importantly, to fully characterized 
all the subpopulations found in the adipose SVF. It would be extremely interesting to 
deepen the knowledge of the molecular characteristics, the functional properties, and the 
in vitro and in vivo differentiation potential of the MSCs and ASCs found within the blood 
vessels in vivo, as well as the relationships and the hierarchy of the subpopulation within 
the SVF. 
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