
Journal of Plastic, Reconstructive & Aesthetic Surgery 74 (2021) 2759–2767 

Water jet-assisted lipoaspiration and Sepax 

cell separation system for the isolation of 

adipose stem cells with high adipogenic 

potential 

Anne Therese Lauvrud 

a , b , ∗, Rojda Gümüscüb , 1 , 
Rebecca Wiberg 

a , b , Maria Brohlin 

c , Peyman Kelk 

a , 
Mikael Wiberg 

a , b , Paul J. Kingham 

a 

a Department of Integrative Medical Biology, Umeå University, Sweden 

b Department of Surgical and Perioperative Sciences, Umeå University, Umeå 907 37, Sweden 

c Department of Clinical Microbiology, Infection and Immunity, Umeå University, Sweden 

Received 15 September 2020; accepted 11 March 2021 

Summary Introduction: Water jet-assisted liposuction has gained popularity due to 
favourable fat grafting outcomes. In this study, we compared stem cells obtained from fat 
isolated with manual or the water jet-assisted procedure. 
Methods: Liposuction of abdominal fat was performed using the two methods on each donor 
( n = 10). Aspirate samples were collagenase digested and the isolated cells seeded in vitro prior 
to proliferation, adipogenic differentiation and angiogenic activity analyses. 
Results: Cells from either procedure proliferated at similar rates and exhibited a similar 
colony-forming ability. The cells expressed stem cell markers CD73, CD90 and CD105. In the 
water jet cell preparations, there were higher numbers of cells expressing CD146. Robust adi- 
pogenic differentiation was observed in cultures expanded from both manual and water jet 
lipoaspirates. Gene analysis showed higher expression of the adipocyte markers aP2 and GLUT4 
in the adipocyte-differentiated water jet cell preparations, and ELISA indicated increased se- 
cretion of adiponectin from these cells. Both cell groups expressed vasculogenic factors and 
the water jet cells promoted the highest levels of in vitr o angiogenesis. Given these positive 
results, we further characterised the water jet cells when prepared using an automated closed 
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cell processing unit, the Sepax-2 system (Cytiva). The growth and stem cell properties of the 
Sepax-processed cells were similar to the standard centrifugation protocol, but there was evi- 
dence for greater adipogenic differentiation in the Sepax-processed cells. 
Conclusions: Water jet lipoaspirates yield cells with high adipogenic potential and angiogenic 
activity, which may be beneficial for use in cell-assisted lipotransfers. 
© 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by Else- 
vier Ltd. 
This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

lthough fat grafting has been widely used for decades, one 
f the main issues is the unpredictable graft resorption af- 
er transplantation, which may necessitate repeated injec- 
ions and can produce unsatisfactory results [1 , 2] . There- 
ore, the need to optimise fat grafting methodology is of 
reat importance to minimise fat graft loss. Liposuction is 
 safe and reliable method of obtaining regenerative adi- 
ose tissue-derived stem cells (ASCs) for the supplemen- 
ation of fat grafts (cell-assisted lipotransfers), which may 
mprove long-term graft retention [3] through several pro- 
osed mechanisms such as enhanced angiogenesis and sup- 
lementation of differentiating adipocytes [4] . There is, 
owever, still rather limited knowledge about the effects of 
ifferent liposuction techniques on the regenerative abili- 
ies of ASCs. The adipose tissue can be harvested by various 
ethods and the use of water jet-assisted liposuction has 
ained popularity due its positive outcomes for fat graft- 
ng [5] . This liposuction procedure applies the tumescent 
olution as a thin, fan-shaped, targeted, pulsating jet [6] . 
he cannula used during the operation comprises two chan- 
els that make it possible to infiltrate the tumescent solu- 
ion and aspirate the emerging water and fat suspension at 
he same time. Thus, the amount of fluid infiltrated into 
he patient is much lower than during conventional lipo- 
uction procedures, which lowers the risk of cardiovascu- 
ar side effects [7] . Furthermore, it has been reported that 
sing water jet-assisted liposuction preserves cell viability, 
s less painful and creates only minor tissue trauma when 
ompared with traditional liposuction by vacuum aspiration 
8] . In this study, our first objective was to compare cells 
btained from adipose tissue using the water jet procedure 
ersus manual lipoaspiration. We examined cell prolifera- 
ion and the stem cell properties with focus on adipogenic 
ifferentiation and angiogenic activity. 
In addition to identifying an optimal harvesting method, 

t is important to develop reproducible downstream pro- 
essing protocols. A number of closed processing systems 
ave been designed to automate lipoaspirate handling and 
ell isolation for immediate use in the operating theatre. 
lternatively, these systems can be used in good manufac- 
uring practice (GMP) facilities when there is a need for cell 
xpansion and product designation as an advanced therapy 
edicinal product (EU) or regenerative medicine advanced 
herapy (US). Thus, our second objective in this study was to 
valuate the use of one such system, the Sepax S-100 (Sepax 
) Cell Separation System (Cytiva). 
2760
aterials and methods 

ell isolation 

uman adipose tissue was obtained during elective liposuc- 
ion performed at Umeå University Hospital, initially from 

en female donors (mean age = 40 ± 3 years and mean BMI 
7 ± 0.7). A further 3 donors (mean age 54 ± 1.5 years and 
MI 30 ± 3.3) were used for latter studies comparing the 
ethods of processing water jet lipoaspirates. All studies 
ere performed according to the principles of the decla- 
ation of Helsinki and approved by the local ethics com- 
ittee for clinical research at Umeå University (2013–276–
1 M). Samples were obtained with informed consent. In the 
rst series of experiments, liposuction of subcutaneous ab- 
ominal fat was performed using the two methods on each 
atient. Sides were randomised. On one side, manual lipo- 
uction was performed using a 4-mm cannula with a blunt 
ip and 50 mL Luer Lock syringe with vacuum (MER426L; 
yron TM , MENTOR R ©, Santa Barbara, California), after tumes- 
ent injection with fluid-containing saline, local anaesthet- 
cs (xylocaine), adrenaline and bicarbonate. The body-jet R ©
ater-assisted system (Human Med AG, Schwerin, Germany) 
as used on the other side with 4 mm cannulas and suc- 
ion vacuum set to 0.5 bar using identical tumescent fluid as 
bove. The lipoaspirates were collected into 50 mL syringes 
9] that were aseptically closed. 
Aspirate samples were digested with collagenase NB4 

tandard grade (Serva/Nordmark) dissolved in saline solu- 
ion at a concentration of 0.3 U per ml of aspirate. Sam- 
les were incubated for 1 h at 37 °C and then the growth
edium (Minimal Essential Medium- α containing 10% (v/v) 
oetal bovine serum and 1% (v/v) penicillin/streptomycin; 
ll from Invitrogen) was added to the samples that were 
hen centrifuged at 300 g for 5 min. The undigested fat tis- 
ue and collagenase solution were aspirated, and the pel- 
et was resuspended in growth medium. Red blood cells 
ere lysed with Ammonium-Chloride-Potassium (ACK) Lysing 
uffer (Thermo Fisher Scientific), samples recentrifuged 
nd the pellet resuspended in fresh growth medium and 
eeded at a minimum density of 10,000 cells/cm 

2 in tis- 
ue culture flasks (Nunc) that were incubated at 37 °C and 
% CO 2 . The non-adherent cells were removed after 24 h 
y washing with saline solution, followed by replenishment 
ith fresh growth medium. On reaching approximately 90% 

onfluence, the adherent cells were passaged by using a so- 
ution of trypsin plus ethylenediaminetetraacetic acid (In- 
itrogen). 
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In a latter series of experiments, water jet lipoaspirates 
ere processed using the Sepax S-100 (Sepax 2) cell sep- 
ration system (Cytiva). Enzyme digestion was performed 
s above, before the suspension was transferred to sepa- 
ation bags that were then connected to the machine. Ap- 
roximately 100 ml initial volume was processed using the 
anufacturers recommended protocol (Adipose v108) and 
he cells eluted in a final volume of 40 ml. The procedure 
nvolves two phases: first phase fat and supernatant re- 
oval, second phase washing of the pellet and resuspension 

n medium. To be consistent with our established protocol 
escribed above, we concluded the protocol with an ACK 
ysing buffer treatment before final centrifugation and plat- 
ng in growth medium. The cells obtained from the Sepax 
ystem were compared with cells isolated by the aforemen- 
ioned methods run in parallel. 

roliferation 

fter trypsinisation, cells were seeded in culture flasks at 
 density of 2 × 10 3 cells/cm 

2 and allowed to expand for 
 week before re-trypsinisation, counting and replating. 
he following formula was used to calculate the number of 
opulation doublings, n = 3.32 (log UCY - log l) + X , where
 = the final PDL number at the end of a given subculture, 
CY = the cell yield at that point, l = the cell number used
s inoculum to begin that subculture and X = the doubling 
evel of the inoculum used to initiate the subculture being 
uantified. 

olony-forming unit-fibroblast (CFU-F) assay 

FU-F was determined by seeding cells at passage 2 at a 
oncentration of 12 cells/cm 

2 for 10 days. Cell colonies 
ere fixed with methanol for 10 min, dried and stained with 
iemsa solution for 45 min, rinsed with distilled H 2 O and 
eft to dry. Colonies were counted as clusters of more than 
0 cells. 

low cytometry 

tromal vascular fraction (SVF) and culture-expanded cells 
t passage 2 were stained with PE-conjugated antibodies 
CD45, CD73, CD90, CD105, CD146 and isotype control, all 
rom BD Biosciences) and analysed using a BD Accuri TM C6 
ow cytometer [10] . A minimum of 10,000 events were anal- 
sed. 

dipogenic and osteogenic differentiation 

arly passage cells were plated into 24 well plates at a den- 
ity of 60,000 cells/well and adipogenic and osteogenic dif- 
erentiation protocols continued for a period of 21 days, be- 
ore respective staining with Oil Red O solution and Alizarin 
ed S as previously described [10] . We performed the os- 
eogenic differentiation to examine the multi-lineage prop- 
rties of the cells. Oil Red O was extracted from the dif- 
erentiated adipocytes using isopropanol and then quanti- 
ed by measuring absorbence at 492 nm in a SynergyHT mi- 

roplate reader (BioTek). d

2761
ene expression 

NA was isolated from the differentiated adipocytes and 
onverted into cDNA using the iScript TM cDNA synthe- 
is kit (Bio-Rad). qRT-PCR was performed using SsoFast TM 

vaGreen supermix (Bio-Rad) in a CFX96 Optical Cycler 
nd analysed using the CFX96 manager software (Bio- 
ad) as described previously [10] . The following primer 
ets were used, with respective annealing temperatures 
iven: aP2 (NM_001442.3) forward 5 -́ggtggtggaatgcgtcatg- 
’ and reverse 5 -́caacgtcccttggcttatgc-3 ,́ 65 °C; GLUT4 
M91463.1) forward 5 -́agcagctctctggcatcaat-3’ and reverse 
 -́ctacccctgctgtctcgaag-3 ,́ 60.8 °C and as housekeeping gene 
pl13a (NM_012423.3) forward 5 -́ aagtaccaggcagtgacag-3’ 
nd reverse 5 -́ cctgtttccgtagcctcatg-3 ,́ 58 °C. Osteogenic 
ifferentiation was examined using an RT ² Profiler PCR Array 
Qiagen PAHS-026Z). cDNA was pooled from multiple donors, 
nd the differentiated samples from manual and water jet 
ells were compared with each other according to the pro- 
edure described by the manufacturer. 

nzyme-linked immunosorbant assay (ELISA) 
ells (passage 2) were seeded into 48 well plates at a den- 
ity of 1 × 10 5 cells per 200 μl growth medium per well and
ultured for 48 h. The supernatant was then collected and 
nalysed by ELISA using adiponectin, leptin, bFGF and VEGF- 
 sandwich ELISA kits (RayBiotech Inc.) according to the 
anufacturer ś protocol. 

n vitro angiogenesis assay 

n in vitro angiogenesis assay kit (Merck Millipore) was used 
or the evaluation of tube capillary-like formation by en- 
othelial cells. The procedure was performed essentially as 
reviously described [10] . Human umbilical vein endothe- 
ial cells (HUVEC; Invitrogen) were seeded on ECMatrix TM 

nd cultured in the presence of non-conditioned medium or 
edium from manual or water jet cell cultures (prepared 
s for ELISA) for 4–6 h before tube formation was evalu- 
ted by light microscopy (Olympus IX71 microscope). Five 
andom fields from each well (3 per condition) were pho- 
ographed and analysed for the number of closed polygon- 
haped structures that are representative of mature capil- 
ary networks. 

tatistical analysis 

ean ± standard errors of the mean value were calculated 
or all data and statistical t-tests for paired samples and 
NOVA with Bonferroni post hoc test for multiple group 
omparisons performed using GraphPad Prism software. Sta- 
istically significant differences were set as ∗ = p < 0.05, 
∗ = p < 0.01 and ∗∗∗ = p < 0.001. 

esults 

ell characterisation 

he yield of cells from lipoaspirates obtained using the 
ifferent methods was similar (128,345 ± 23,820 cells/ml 
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Figure 1 Characterisation of manual and water jet lipoaspirate-derived cells. (A) Cumulative population doublings (PD) show that 
both cell types proliferate at similar rates. (B) The number of colonies counted 10 days after low-density seeding is similar for each 
isolate. (C) Flow cytometry showing the expression of the general hematopoietic cell marker CD45, mesenchymal stem cell markers 
CD73, CD90 and CD105 and the pericyte/potency marker CD146 in stromal vascular fraction (SVF) and culture-expanded cells. ∗ p < 

0.05 and ∗∗ p < 0.01 significantly higher percentage of cells isolated from water jet lipoaspirates express CD73 (in SVF) and CD146 
(in expanded cells). 
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anual aspirate versus 132,613 ± 18,464 cells/ml water jet 
spirate). The growth rates of both types of preparations 
ere also similar, exhibiting approximately 2.5 PD per week 

 Figure 1 A). At passage 2, the cells were plated at low den-
ity and the formation of colonies assessed ( Figure 1 B). Af- 
er 10 days, the number of colonies was 6.6 ± 1.9 versus 
.3 ± 3.6 for manual and water-jet cells, respectively (not 
ignificantly different). Flow cytometry showed that greater 
han 90% of culture expanded cells isolated from either type 
f lipoaspirate were positive for the three key mesenchy- 
al stem cell markers, CD73, CD90 and CD105 ( Figure 1 C). 
ignificantly, more water jet cells expressed the multipo- 
ency/pericyte marker CD146 (33.7 ± 5.6 positive cells ver- 
us 19.4 ± 4.1 positive manual cells, p < 0.01). The per- 
entage of cells expressing the aforementioned markers was 
ower in the SVF (non-expanded cells) indicating an initial 
eterogeneous mix of cell types ( Figure 1 C). Apart from the 
xpression levels of CD73, which were significantly higher 
 p < 0.05) in water jet SVF, there were no differences 
etween the initial profiles of the two types of prepara- 
ions. CD45, a general marker of hematopoietic cells was 
2762
etected in the SVF but was absent in the culture expanded 
ells. 

ell differentiation 

ells from both the manual and water jet lipoaspirates dif- 
erentiated into Oil Red O positive adipocytes with high ef- 
ciency ( Figure 2 A). In contrast, whilst manual cells from 

ll donors differentiated into the osteogenic lineage (shown 
y Alizarin Red positive staining), cells from the water jet 
ipoaspirates from four of the donors failed to stain (Sup- 
lemental Digital Content 1). The adipocytes differentiated 
rom water jet cell cultures expressed approximately 6-fold 
reater expression of the aP2 gene and 3-fold greater ex- 
ression of the GLUT4 gene than that of adipocytes differen- 
iated from manual cell preparations ( Figure 2 B). Further- 
ore, the adipocytes derived from water jet cultures se- 
reted 4-fold greater levels of adiponectin (466 ± 49 ng/ml 
ersus 122 ± 35 ng/ml in the manual cell preparations). The 
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Figure 2 Adipogenic differentiation. (A) Representative images of one donor’s cells isolated by manual or water jet technique 
stained with Oil Red O at 21 days of differentiation. (B) qRT-PCR adipogenic gene expression. ∗∗ p < 0.01 significantly higher aP2 gene 
expression in water jet-differentiated cells; ∗∗∗ p < 0.001 significantly higher GLUT4 gene expression in water jet-differentiated 
cells. (C) ELISA analysis of supernatants from the adipocytes. ∗∗ p < 0.01 significantly higher levels of secreted adiponectin from 

water jet cell-derived adipocytes, n.s. = not significantly different. 
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ecretion of leptin was also elevated in the water jet cul- 
ures. 

ngiogenesis 

UVECs treated with conditioned medium from cultures of 
oth manual and water jet cells formed capillary tube-like 
etworks ( Figure 3 ). There was no significant difference in 
he number of ‘mature’ structures formed in the presence 
f either type of conditioned mediums ( Figure 3 B). The an- 
iogenic molecules VEGF-A and bFGF were detected in the 
onditioned medium from both cell types, but there were no 
tatistically significant differences in the levels ( Figure 3 C). 

entrifugation versus Sepax S-100 (Sepax 2) cell 
eparation system 

s our results indicated that water jet lipoaspirates can be 
 good source for the isolation of adipogenic and angio- 
enic cells for clinical application, we continued our study 
o investigate how a closed processing system (Sepax 2, Cy- 
iva) would affect the properties of the cells. In this pi- 
ot study using water jet lipoaspirates from 3 donors, we 
btained 146,190 ± 75,526 cells/ml and 209,841 ± 90,026 
ells/ml using our established centrifugation protocol and 
he Sepax adipose protocol, respectively ( p = 0.08). After 
lating, both groups of cells expanded at similar rates with 
2763
 tendency toward more cumulative population doublings 
ith increasing passage in the Sepax cultures ( Figure 4 A). 
arly passage cells formed similar numbers of colonies 
11.67 ± 1.89 vs 8.67 ± 2.40 for centrifuged and Sepax cells, 
espectively, Figure 4 B) and the CD marker profile was also 
imilar for the two cell populations ( Figure 4 C). Consistent 
ith the first part of the study, the cells from these wa- 
er jet lipoaspirates underwent robust adipogenic differen- 
iation independent of method of processing ( Figure 4 D). 
uantification of Oil Red O uptake suggested that the 
epax cells formed significantly more lipids ( Figure 4 E). The 
epax-processed cells also secreted more adiponectin than 
he centrifuged cells (711 ± 57 ng/ml vs 592 ± 12 ng/ml, not 
ignificantly different) whereas leptin levels were similar 
 Figure 4 F). Undifferentiated cell cultures from each type of 
reparation secreted similar levels of VEGF-A ( Figure 4 G). 

iscussion 

t remains controversial whether augmentation of fat with 
SCs enhances graft survival and although cell-assisted lipo- 
ransfers may improve the long-term fat graft retention, 
his is still controversial [11] . Earlier studies have shown 
 variance of 10% −80% survival of fat grafts that are not 
ugmented with ASCs. The water jet technique has shown 
romising results with regard to cell viability [12-14] and 
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Figure 3 In vitro angiogenesis assay. (A) Images of tube capillary-like formation of HUVEC cells exposed to control medium (not 
cell conditioned) and medium from cells isolated by the manual or water jet procedures. (B) Quantification of the number of closed 
networks formed that are representative of the mature stage of angiogenesis. (C) ELISA analysis for two angiogenic factors, bFGF 
and VEGF-A, in the conditioned medium from cultures of cells isolated by manual and water jet techniques. 
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hen used in the absence of cell supplementation, it is pos- 
ible to achieve better fat survival using the water jet tech- 
ique when compared with manual isolation [14] . 
Nevertheless, the scientific interest in ASCs for regener- 

tive medicine and the number of clinical trials based on 
heir use is continuously growing. The processes for ASC’s 
solation and expansion under GMP are being optimised to 
nsure reproducibility and safety of the cell cultures. How- 
ver, the impact of the techniques of fat liposuction on the 
mount of isolated ASCs, their phenotype and functions has 
ot been fully investigated. Generally, adipose tissue lipo- 
uction is still based on the Coleman method, but the use of 
ifferent medical devices is being developed. In this study, 
e have examined the effect of using the water jet-assisted 
iposuction technique. Meyer et al. [6] were the first to de- 
cribe the isolation and differentiation potential of putative 
tem cells isolated from water jet-assisted lipoaspirates. A 
ew other studies have compared the cells isolated by man- 
al lipoaspiration versus the water jet procedure and have 
oncluded that they exhibit similar proliferation and differ- 
ntiation properties [1 , 5] . We also show that the prolifer- 
tion, colony-forming ability and characteristic mesenchy- 
al stem cell markers (CD73, CD90 and CD105) are similar 
or each type of cell preparation, but we observed signifi- 
ant differences in differentiation potential. Of particular 
mportance for cell-assisted fat grafting applications, we 
how that the water jet lipoaspirates yield cells that have 
reater adipogenic potential. Interestingly, we observed a 
igher percentage of CD146-positive cells in the water jet 
ultures, and we have previously shown that selected CD146 
ell sub-populations are associated with enhanced adipoge- 
2764
esis [10] . The increased percentage of CD146 + cells may 
e explained by the fact that the water jet procedure is 
ess traumatic and the pericytes are better preserved [15] . 
nother study also reported a tendency for stronger adi- 
ogenic potential of cells isolated with water jet-assisted 
iposuction versus cells obtained by suction-assisted liposuc- 
ion [12] . We have also described that CD146 + ASCs have 
nhanced angiogenic potential [10] , which was confirmed 
y another recent study that showed the benefits of supple- 
enting fat grafts with CD146-selected cells [16] . We found 
hat there was a tendency for higher in vitro angiogenesis 
voked by water jet-isolated cells and higher secretion of 
EGF-A. This indicates that the water jet procedure does 
ot impair the vasculogenic potential of the cells, which is 
n important consideration for cell-assisted lipotransfers. 
Stem cells should be capable of multi-lineage differen- 

iation; therefore, we also investigated the osteogenic po- 
ential of our cultures. In contrast to the enhanced adipo- 
enesis observed in cultures of water jet cells, we found 
hat differentiation toward the osteogenic lineage was im- 
aired (Supplementary Digital Content 1). Cells from four 
ut of ten donors completely failed to stain positive for cal- 
ium mineralisation, whereas all manual cell preparations 
rom the same donors were, to varying extents, positive. 
o investigate this further, we performed an osteogenic fo- 
used gene array comparing cells from manual or water jet 
ipoaspirates cultured under osteogenic conditions (Supple- 
entary Digital Content 1). Only 3 genes were found to 
e considered significantly differently expressed between 
he two conditions. Of these, the BMPR1B gene was 78- 
old lower expressed in the water jet cells. Interestingly, 
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Figure 4 Comparison of centrifugation versus Sepax Cell Separation System for processing of water-jet lipoaspirates. Both methods 
yield cells that proliferate at similar rates (A), have similar number of colony-forming units (B) and similar CD marker profiles (C). 
Oil Red O staining of adipocytes differentiated from cells derived by regular centrifugation protocol and Sepax processing (D) 
was quantified by spectrophotometry (E). Sepax-processed cells showed significantly ( ∗p < 0.05) higher absorbence that indicates 
greater differentiation. ELISA analysis of cell-conditioned medium showed similar levels of secreted adipokines from the adipocytes 
(F) and similar levels of VEGF-A from the undifferentiated cells (G). 
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ositive selection for this molecule promotes differentia- 
ion and specification of ASCs toward the osteogenic lineage 
17] . The reason for the lower expression remains to be elu- 
idated. 
Having established that the cells isolated by the water 

et procedure were highly adipogenic and possessed good 
ngiogenic activity, we wanted to develop a protocol un- 
er which the cells could be isolated in a controlled and 
eproducible manner. A preliminary study has described the 
iological properties of water jet-isolated cells cultured in 
 cleanroom environment but that study did not utilise a 
losed processing system [18] . A number of cell separa- 
ion systems have previously been compared using tumes- 
ent liposuction technique for the starting material [19] . In 
2765
his study, using water jet lipoaspirate, we compared our 
tandard research laboratory centrifugation protocol with 
he Sepax S-100 (Sepax 2) Cell Separation System using the 
anufacturer’s suggested adipose protocol. The Sepax sys- 
em has most extensively been used for isolation, washing 
nd preparation of peripheral blood or bone marrow cells 
20 , 21] . Our analysis of cells from water jet lipoaspirates 
rocessed by Sepax are consistent with the results described 
sing other tumescent liposuction techniques [22] suggest- 
ng that this system could be suitable for standardising the 
reparation of cells in the operating theatre for direct use 
n cell-assisted lipotransfers or in cleanroom facilities when 
here is a need for further cell expansion. The one disadvan- 
age with the protocol is that the enzymatic digestion step 
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s not currently integrated directly within the closed unit. 
o address this, the manufacturers of the body-jet R © water 
et-assisted machine have developed the Q-graft R © system, 
hich enables collection and concentration of lipoaspirate 
nd separation of the SVF and ASCs in one sterile closed 
ystem. A recent study has described the use of this sys- 
em for the isolation of SVF and its use in the treatment 
f osteoarthritis [23] . However, no cell phenotypic charac- 
erisation was performed. A limitation of our work is that 
e did not perform enzyme-free digestion of the fat, which 
s preferable as a purely mechanical processing of the fat 
ould likely meet less troublesome legislative obstacles for 
se in lipotransfers. However, to date, most studies that in- 
estigate this have shown that mechanical digestion is infe- 
ior to the use of enzymes [24-26] . 
In conclusion, it has previously been shown that the use 

f water-assisted liposuction has several advantages such 
s reduced pain and intraoperative swelling [27] and in vivo 
vidence of improved lipoaspirate viability and fat graft sur- 
ival [7] . Now, we show that water jet lipoaspirates can 
e processed using a simple-to-use closed system, to yield 
ells with high adipogenic potential and angiogenic activ- 
ty, which may be beneficial to further enrich the fat grafts 
or enhanced survival. We suggest that further study of 
his technology will be beneficial toward optimising the fat 
rafting procedure for large reconstructions. 
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