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Abstract 

Different strategies have been developed in the last decade to obtain fat grafts as rich as possible of 

mesenchymal stem cells, so exploiting their regenerative potential.  Recently, a new kind of fat 

grafting, called “nanofat”, has been obtained after several steps of fat emulsification and filtration. 

The final liquid suspension, virtually devoid of mature adipocytes, would improve tissue repair 

because of the presence of adipose mesenchymal stem cells (ASCs). However, since it is probable 

that many ASCs may be lost in the numerous phases of this procedure, we describe here a novel 

version of fat grafting, which we call “nanofat 2.0”, likely richer in ASCs, obtained avoiding the 

final phases of the nanofat protocol. The viability, the density and proliferation rate of ASCs in 

nanofat 2.0 sample were compared with samples of nanofat and simple lipoaspirate. Although the 

density of ASCs was initially higher in lipoaspirate sample, the higher proliferation rate of cells in 

nanofat 2.0 virtually filled the gap within 8 days. By contrast, the density of ASCs in nanofat 

sample was the poorest at any time. Results show that nanofat 2.0 emulsion is considerably rich in 

stem cells, featuring a marked proliferation capability. 
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Introduction 

Regenerative properties and multilineage differentiation ability (Calabrese et al. 2015, Lo Furno et 

al. 2013, Ullah et al. 2015) of mesenchymal stem cells (MSC) have been exploited in the last 

decade to improve fat grafting techniques.  In fact, by early methods of adipose tissue 

transplantation, significant portions of the transplanted tissue were often reabsorbed, perhaps for a 

poor blood supply due to insufficient neoangiogenesis. Adipose derived MSCs (ASCs) and their 

secretomes seem able to induce production of the extracellular matrix, new collagen deposition and 

early revascularization (Butala et al. 2012,  Kalinina et al. 2015, Charles-de-Sá et al. 2015). 

Various techniques have been designed to obtain a fat graft as rich as possible of ASCs. A method 

defined Cell-Assisted Lipotransfer (CAL) was developed in mice in 2006 (Matsumoto et al. 2006). 

Before reinjection, the standard lipoaspirate was supplemented with freshly prepared stromal 

vascular fraction (SVF), the portion of centrifuged adipose tissue containing ASCs. By this method, 

satisfactory results were also observed in human trials (Yoshimura et al. 2008), considering that 

significant breast volume augmentation was obtained in most patients. A two-step procedure was 

introduced by Kølle et al. (2013). The fat graft from fresh lipoaspirate was enriched with previously 

expanded ASCs, obtained from a 14 days earlier liposuction. Bianchi et al. (2013) described a 

method that avoids the use of collagenase, or previous cell cultures in vitro. Following sequential 

filtering steps of lipoaspirate they obtained small adipose tissue clusters (0.2–0.8 mm), termed 

“lipogems”, which could be used for reinjections in the same surgical setting. A similar strategy, 

called “nanofat” grafting, has been proposed by Tonnard et al. (2013) for skin rejuvenation, 

especially to treat particular areas, such as eyelids, lips or fine rhytides. In that study, characteristics 

of nanofat were compared with other fat grafts such as “macrofat” and “microfat”. Macrofat 

consists of lipoaspirate harvested through a cannula with large side holes (2 x 7 mm); microfat is 

obtained through a cannula with smaller side holes (1 mm in diameter); derived from microfat, 

nanofat is obtained after several steps of emulsification and filtration. This liquid suspension can be 

injected in a more superficial plane through finer needles (27 gauge). Indeed, the authors describe 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Butala%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22495210


appreciable clinical results without major unwanted side effects such as infections, fat cysts or 

granulomas. 

The aim of the present study was to obtain a fat graft even richer in ASCs. Supposing that a 

considerable amount of ASCs may be lost in the several steps of Tonnard’s procedure, we designed 

a more simplified method, by skipping the final two phases of nanofat protocol: the last filtration 

and the final squeezing of the fat suspension through a sterile gauze. In this way, a larger amount of 

ASCs should be preserved in this minimally manipulated final emulsion, which we called “nanofat 

2.0”, to be utilized for therapeutic applications in plastic and reconstructive surgery. To verify this 

hypothesis, we expanded ASCs obtained from three samples: simple microfat lipoaspirate, nanofat 

emulsion according to Tonnard et al. (2013), nanofat 2.0 emulsion, prepared by following our 

modifications. For each sample, we investigated the density of stem cells, their viability and 

proliferation rate, as well as their immunophenotype. To this aim, immunocytochemistry, flow 

cytometry techniques and MTT assay were utilized. 

 

Materials and Methods 

 

Fat grafting preparation 

A total of 8 patients, from 30 to 60 years old (mean age 40), were included in the present 

investigation, after signing an informed consent to use the lipoaspirate for experimental procedures. 

The study was performed following the standards of the local ethics committee and in accordance to 

Declaration of Helsinki (2000). Fat tissue was harvested from the abdominal region through a 

multiport 3-mm cannula with small sharp side holes (1 mm in diameter) under low negative 

pressure through a hand-held syringe aspiration, during standard procedures of lipofilling or 

abdominoplasty. From each subject, a portion of standard lipoaspirate was kept apart in a sterile 

recipient as a microfat sample, while the remaining portion was used to prepare in parallel the 

nanofat and nanofat 2.0 emulsions. Nanofat emulsion was made following rigorously the protocol 



of Tonnard et al. (2013). In this case, the lipoaspirate was rinsed, filtered and mechanically 

emulsified by shifting it between two 10-cc syringes connected to each other by a Luer-Lok 

connector. After 30 passages, the fatty emulsion was filtered again over the sterile nylon cloth and 

the effluent nanofat was collected in a second sterile recipient. The third sample, the nanofat 2.0, 

was obtained through the same procedure described above, but avoiding the final phases of filtering 

and squeezing the fat emulsion through the gauze. These three samples were then processed for 

comparative analysis. 

 

Oil red O staining 

Soon after the harvest, microscopic preparations from each sample were obtained by spreading the 

lipofilling material on a glass slide, as uniformly as possible. After fixation to flame, each sample 

was washed with isopropanol 60% and covered with Oil red O working solution for 60 minutes. 

After a final rinse with distilled water, slides were observed at the optical microscope. Digital 

images were acquired using a Leica DMRB equipped with a computer assisted Nikon digital 

camera. 

 

Cell growth 

In order to isolate and expand ASCs, cell cultures from each of the three different samples 

(microfat, nanofat and nanofat 2.0) were carried out following a protocol reported by Zuk et al. 

(2002). The same volume of each sample (up to 10 ml) was incubated for 3 hours at 37°C with an 

equal volume of serum-free DMEM-low glucose (DMEM-1g) containing 0.075% of type I 

collagenase. After blocking collagenase activity by an equal volume of DMEM-1g containing 10% 

of Fetal Bovine Serum (FBS), samples were centrifuged at 1200 rpm for 10 min. Pellets obtained 

were resuspended in PBS, filtered through a 100 µm nylon cell strainer and again centrifuged. 

These final pellets were resuspended with DMEM-1g (10% FBS, pen/strep 1%) containing 1% of 

Mesenchymal Stem Cells Growth Medium (MSCGS). Finally, cells were plated in T75 culture 



flasks and incubated at 37 °C with 5% CO2. After seeding, cell cultures were continuously 

monitored to evaluate the presence and growth of adherent cells. In each culture, the cellular density 

was indexed by averaging the number of cells found in 5 microscopic fields at magnification of 

10x, in zones of higher cell density. Their growth rate was calculated at 24 hours, 4 days and 8 

days, by the following formula: 

(final number – initial number) / initial number 

At 8-10 days, confluence was usually reached in microfat and nanofat 2.0 samples, while cell 

population in nanofat sample was quite modest. However, in order to guarantee the same time 

course for all samples, cultures were trypsinized, resuspended and seeded for the second passage. 

To obtain in each sample a congruous number of cells to investigate, an enriching strategy was 

adopted between passages: the entire population of nanofat sample was seeded, but only one third 

of the other two samples was used. After 5-6 days, cells often reached 80% of confluence in 

microfat and nanofat 2.0 cultures, although in nanofat culture they hardly reached 50%. After 

further 5-6 days in the third passage, since the number of cells was quite satisfactory in all cultures, 

they were processed for MTT assay and to determine their cytochemical features. 

 

Determination of ASCs markers 

To verify the MSC nature of cultured cells, immunocytochemistry and flow cytometry was carried 

out to identify in each sample the presence of stem cell surface markers. For immunocytochemistry, 

cells were sub-cultured in a 96-well culture dish for 2 days. They were then washed with PBS, fixed 

with 4% paraformaldehyde in PBS for 30 min, and left for 30 min in a 5% solution of normal goat 

serum. Finally, cells were incubated overnight at 4 °C with primary antibodies: CD44 (1:200; 

abcam), CD90 (1:100; abcam), CD105 (1:100; abcam), CD14 (1:200; abcam), CD34 (1:200; 

Novus), CD45 (1:200; abcam). The following day, cells were washed with PBS and incubated for 1 

hour at room temperature with FITC-conjugated goat anti-mouse or FITC-conjugated goat anti-

rabbit secondary antibodies (abcam). As a control, in each sample, the specificity of 



immunostaining was verified by omitting incubation with the primary or secondary antibodies. As a 

rule, cell nuclei were counterstained with DAPI for 10 min, to verify the presence of cells, 

immunopositive or not. The excitation wavelength was 488 nm for FITC and 350 nm for DAPI. 

Immunostaining was evaluated taking into account the signal-to-noise ratio of immunofluorescence. 

Digital images were acquired using a Leica inverted fluorescence microscope equipped with a 

computer assisted Nikon digital camera. 

For flow cytometry, cells were sub-cultured in a 6-well culture dish for 2 days. Cells were then 

washed with PBS, again trypsinized, and fixed with 2% paraformaldehyde for 20 minutes at 4°C. 

After rinsing with PBS/BSA 1%, cells were incubated with primary antibodies for 60 minutes at 

room temperature. Antibodies used in the different samples were: anti- CD44 (1:200; abcam), anti- 

CD90 (1:100; abcam), anti-CD105 (1:100; abcam), anti-CD14 (1:200; abcam), anti-CD34 (1:200; 

Novus) or anti-CD45 (1:200; abcam).  Finally, cells were washed with PBS/1% BSA and incubated 

for 60 minutes at room temperature in the dark with secondary antibodies (goat anti-mouse or goat 

anti-rabbit) conjugated with fluorescein (FITC; 1:200; abcam). Samples were analyzed using a 

Coulter Epics Elite ESP flow cytometer. A minimum of 10,000 forward and side scatter gated 

events were collected per specimen. Samples were excited at λ=488 nm and fluorescence was 

monitored at λ=525 nm. Fluorescence was detected using logarithmic amplification. Mean 

fluorescence intensity (MFI) values were calculated and recorded automatically. 

 

MTT assay 

The rate of cell proliferation in each sample was evaluated by MTT assay after the third passage. 

Briefly, about 8000 cells were seeded  in flat-bottomed 200 µl microplates, and incubated at 37°C 

in a humidified atmosphere containing 5% CO2. Quantitative estimates were carried out at 24 and 

96 hours of culture. At each time point, 20 µl of 0.5% MTT in PBS was added and, after 3 hours of 

incubation, the supernatant was removed and replaced with 100 µl of DMSO. The optical density of 



each sample was measured using a microplate spectrophotometer (Titertek Multiskan; DAS) at λ= 

550 nm. Each sample was tested in quadruplicate (n = 4). 

 

  



Statistical analysis 

Differences in cell counts of culture samples have been evaluated using two way ANOVA. Tukey's 

‘Honest Significant Difference’ method has been used as post hoc test.  



Results  

 

Tissue analysis 

Microscopic analysis of tissue from the three samples showed marked differences (Fig. 1). Mature 

adipocytes were clearly better preserved in the microfat sample, in which the adipose tissue 

appeared homogeneously spread. In the other two histological preparations, the tissue was more 

dispersedly scattered and pictures were taken from sites where adipocytes were more densely 

present; in these preparations, a marked damage is visible at cellular level, although with no evident 

differences between them. 

 

Cell growth 

Adherent cells obtained from of all cultured samples showed a fibroblast-like morphology, typical 

of MSC phenotype but, although the cell shape was similar in all samples, the density was 

noticeably different, especially at earlier stages. In fact, notwithstanding the same initial volume of 

each sample, the number of cells at 24 hours of culture was clearly higher in microfat, relatively 

lower in nanofat 2.0 and quite poor in nanofat culture (Fig. 2 A). The same trend was observed at 

day 4. At day 8, whereas the cellular density in nanofat remained significantly lower, in nanofat 2.0 

it became quite similar to microfat. The higher growth rate of nanofat 2.0 vs nanofat is clearly 

visible in Fig. 2 B-C. Notably, from day 4 to day 8, cell growth rate of nanofat 2.0 appears even 

greater than microfat. By the enriching strategy described in methods, at the end of the third 

passage, also in nanofat sample an adequate cell density was achieved. This stage was normally 

reached at about 16-20 days from liposuction. 

 

Determination of MSC markers 

After the third passage, immunocytochemical staining and flow cytometry were performed. Among 

the markers investigated, cells showed positive immunostaining for CD44, CD90 and CD105 (Fig. 



3 A), which are considered specific markers for MSCs (Orbay et al. 2012; Zuk et al. 2002). 

Consistently, no appreciable immunostaining was observed for CD14, CD34, CD45 (Fig. 3 B), 

typical hematopoietic stem cell markers (Baglioni et al., 2009). 

Results from flow cytometry corroborate immunocytochemical observations (Tab.1). In fact, high 

percentages of positive cells (Fig. 3 C) were observed for CD44 (96-99%), for CD90 (65-70%) and 

for CD105 (75-82%). Conversely, very low percentages of positive cells (Fig. 3 D) were obtained 

for CD14 (4-7%), for CD34 (7-20%) and for CD45 (4-13%). 

 

MTT assay 

The rate of ASCs proliferation was tested after the third passage. The same amount of stem cells 

seeded for each sample (about 8000 cells) led to an even distribution of them, as verified at 24 

hours (Fig. 4 A). Data from a patient are reported in Fig. 4B: at 96 hours a very rapid proliferation 

was observed for cells of each sample, leading to an increase of the cell number of about four times 

as much. No evident differences were observed among cells of the three samples, either from a 

qualitative or quantitative point of view. Similar results were obtained from all patients. 

 

Discussion  

Results obtained show that ASCs can be isolated from each sample investigated (microfat, nanofat 

and nanofat 2.0), although with a different yield. 

Histological inspection at the light microscope after liposuction confirmed the best preservation of 

mature adipocytes in microfat lipoaspirate, whereas in the other two samples the tissue integrity was 

highly impaired. However, because of the less mechanical stress of nanofat 2.0 vs nanofat, it is 

likely to assume that nanofat 2.0 emulsion still contains a larger amount of ASCs, growth factors 

normally present in the adipose tissue, and more numerous cellular debris. Indeed, the presence of 

adipocyte cellular debris could positively stimulate a mild inflammatory response in the receiving 

site, with consequent vasodilation, induction of angiogenesis, macrophages recruitment (Janis and 



Harrison 2014, Sezgin et al. 2014). As a consequence, more cytokines and growth factors would be 

released, helping stem cells differentiation (Mahadavian Dalavary et al. 2011).  

As widely accepted in literature, the MSC nature of cultured cells in this study was assessed by their 

positive immunoreactivity to specific markers such as CD44, CD90 and CD105, (Baglioni et al. 

2009, Orbay et al. 2012, Zuk et al. 2002). They were instead immunonegative to CD34, in apparent 

contrast with results by Tonnard et al. (2013). These authors indeed considered as ASCs a CD34 

positive population. However, as concluded by Gimble and Guilak (2003), such discrepancies 

might be simply due to differences in cell isolation methods, as well as to the different time of 

detection. In fact, many studies indicate that ASCs show CD34 antigen only during the first two or 

three cycles of proliferation (about 10 days), while this marker is permanently expressed in stem 

cells of hematopoietic origin (Mitchell et al. 2006).  In the present work, since marker expression 

was carried out at about 20 days after liposuction, the immunonegativity of ASCs to CD34 is to be 

considered normal. Besides, they were immunonegative for other hematopoietic markers, such as 

CD14 and CD45. 

In principle, one can conclude that any of the three samples, although with different features, might 

be suitable for implantation immediately after the harvest. Microfat lipoaspirate would be more 

advantageous because of its higher content in stem cells; but, according to limitations described in 

literature, they do not seem able to express entirely their potential. Good chances of stem cell 

engraftment of nanofat may account for appreciable clinical results obtained using nanofat (Tonnard 

et al. 2013, Tamburino et al. 2016); yet, the technique implies the yield of a modest amount of stem 

cells, showing a low proliferation rate. Therefore, nanofat 2.0 might represent an excellent 

compromise because it includes positive aspects of the other two samples, but avoiding some 

unfavorable side effects. In fact, common complications of microfat grafting, such as an 

unpredictable loss of its volume, risk of undercorrection or overcorrection, contour irregularities 

and cysts of liponecrosis (Kim et al. 2016), are not described in nanofat grafting.  

 Beside, nanofat may be injected in an intradermal plane through very small needles of 27 G, 



without the need of cannulas. More notably, when compared with nanofat, nanofat 2.0 might be 

able to induce faster and more effective regenerative effects, because of the higher density of stem 

cells, featuring a higher proliferative rate, especially in the first few days after the harvest. 

Of course, the stage at which this characterization was carried out is not compatible with the use for 

clinical purposes, since the procedure of ASCs expansion clearly exceeds the minimal 

manipulations widely required for human trials. However, results obtained at 24 hours provide 

useful indications about the density and viability of stem cells already present at the time of the 

liposuction. Thus, nanofat 2.0 may represent a valuable version of fat grafting for improving skin 

quality or wound healing, especially when large volume augmentation is not required.  

According to newer concepts of fat grafting, nanofat 2.0 could be considered a stem cells 

transplantation rather than a simple adipocytes graft. As also proposed for lipogems (Bianchi et al. 

2013), when safe procedures of cryopreservation and storing will be standardized, it might represent 

a ready-to-use product for successive applications in the same patient or even for allogeneic 

transplantations, given the low immunogenicity and immunosuppressive properties ad ASCs. In this 

case, fat harvesting and procedures of preparation would be conveniently spared. Moreover, 

although designed for plastic and aesthetic surgery, it may be useful for several purposes as a SVF-

like compound. For example, due to the remarkable multilineage differentiation ability of ASCs, it 

might be suitable for a variety of treatments, form bone fractures to peripheral nerve regenerations. 
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Fig. 1. Photomicrographs of three samples of lipoaspirate stained with Oil Red O. Left: microfat 

lipoaspirate harvested with a 3mm cannula featuring multiple sharp side holes (1 mm diameter). 

Middle and right: Nanofat 2.0 and Nanofat specimens, respectively, as obtained after emulsification 

procedures. Tissue and adipose cells appear well preserved in microfat, whereas a noticeable tissue 

damage is visible for Nanofat 2.0 and nanofat. No appreciable difference is evident between them at 

microscopic level. Magnification: 10x 

  



 

 

Fig. 2. Cell density and proliferation rate in cultures of microfat, nanofat 2.0 and nanofat samples at 

first passage, after 24 hours, 4 days and 8 days from liposuction. (A) At 24 hours, the number of 



cells is visibly higher in microfat and much lower in nanofat; an intermediate density can be 

observed in nanofat 2.0.  After 4 days, the number of cells is increased in all samples, especially in 

microfat and nanofat 2.0. At 8 days, a very high density of cells is reached in microfat and nanofat 

2.0 cultures, but it is still poor in nanofat. Magnification 10x, scale bar: 100 µm. (B) Quantitative 

data of cell counts at first passage after liposuction in microfat, nanofat 2.0 and nanofat samples. 

Histograms are obtained by averaging the number of cells detected in 5 microscopic fields in zones 

of higher density for each patient. (C) Growth rate of cells in the three samples. The high growth 

rate observed in nanofat 2.0 results in a cell density that after 8 days almost equals the microfat 

sample. Instead, in nanofat sample, the low cell density observed at 24 hours leads a scarce 

population even at 8 days, given the growth rate particularly low. Data reported in B and C were 

gathered from four patients. 

  



 

Fig. 3. Immunophenotypical characterizations for markers of mesenchymal stem cells. (A) 

Photomicrographs at fluorescence microscopy of mesenchymal stem cells from microfat, nanofat 

2.0 and nanofat samples. Green fluorescence indicates the positive immunostaining for primary 



antibodies, blue fluorescence depicts cell nuclei, stained by DAPI. Virtually every cell of all 

samples is immunopositive for mesenchymal stem cell markers CD44 (A,D,G), CD90 (B,E,H), 

CD105 (C,F,I). (B) No immunostaining is visible for markers considered typical for hematopoietic 

stem cells CD14 (L,O,R) CD34 (M,P,S ) and CD45 (N,Q,T). The presence of numerous 

immunonegative cells is documented by DAPI nuclear fluorescence. Magnification: 20x; scale bar: 

50 µm. (C) Histograms showing flow cytometry findings for surface markers in culture of microfat, 

nanofat 2.0 and nanofat samples. High percentages of positive cells were obtained in all samples for 

CD44 (96-99%), CD90 (65-70%) and CD105 (75-82%). Contrariwise, very low percentages (D) of 

positive cells were observed for hematopoietic stem cell markers CD14 (4-7%), CD34 (7-20%) and 

CD45 (4-13%). 

  



 

Fig. 4. Cell proliferation tested in the three samples (microfat, nanofat 2.0 and nanofat) after the 

third passage. For each sample about 8000 stem cells are seeded and their proliferation was 

evaluated after 24 and 96 hours. (A) The homogenous distribution at 24 h leads to a confluence 

pattern at 96 h. (B) Histograms obtained by MTT assay show a number increase of about four times 

as much. No evident difference is noticeable among cells obtained from the three samples. At each 

time, data are averaged from values obtained in quadruplicate and presented as M ± SD. 

  



Table1. Immunocytochemical phenotype of stem cells from 

microfat, nanofat 2.0 and nanofat samples, as revealed by 

flow cytometry. Data were gathered from four patients. 

 

MARKERS % POSITIVE CELLS 

 MICROFAT NANOFAT 2.0 NANOFAT 

CD 44 98.39 ± 1.48 98.88 ± 0.71 96.32 ± 1.32 

CD 90 70.00 ± 2.71 65.58 ± 2.95 67.38 ± 2.45 

CD 105 74.87 ± 2.58 75.83 ± 2.88 82.65 ± 2.07 

    

CD 14 3.81 ± 2.06 5.45 ± 1.87 6.67 ± 1.99 

CD 34 7.84 ± 2.92 14.86 ± 2.09 20.01 ± 1.63 

CD 45 4.16 ± 1.95 3.45 ± 2.72 13.68 ± 2.09 

 

Percentages of immunostaining is very high for 

mesenchymal stem cell markers (CD44, CD90 and CD105) 

and very low for hematopoietic stem cell markers (CD14, 

CD34 and CD45). 
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