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Abstract 

The Injection of autologous Adipose-Derived Stem Cells (ADSCs) and Stromal Vascular 
Fraction (SVF) into dermal and subdermal layers can improve skin volume and rejuvenation. The 
SEFFI (Superϐicial Enhanced Fluid Fat Injection) technique, which involves minimal manipulation 
of autologous microfragmented adipose tissue, was utilized for harvesting and re-injection, 
using the SEFFILLER™ disposable medical device. Mechanical fragmentation of adipose tissue 
is a well-established surgical technique that stimulates tissue regeneration, ϐiller, and biological 
activity. The study evaluated the biological properties (regenerative and anti-aging) of different 
harvest and processing fat graft methods among which the fragmented adipose tissue, speciϐically 
focusing on the presence of exosomes. Exosomes, nanometer-sized vesicles produced by cells for 
cellular communication, were found to contain miRNAs with anti-inϐlammatory, regenerative, and 
vascular content. The products’ contained exosomes were conϐirmed in the study through electron 
microscopy, Western Blotting, gene expression, and sequencing of miRNA content. 

The in vitro treatment of ϐibroblasts with exosomes obtained by this fragmentation technique 
showed a 23% greater increase in the production of hyaluronic acid, type I collagen, and elastin 
compared to other techniques. This research highlights the potential regenerative and anti-aging 
properties of exosomes obtained through mechanical fragmentation of adipose tissue for skin 
rejuvenation and skin repair.

of regenerative medicine [2]. Regenerative medicine is a 
new treatment that has been developed to repair damaged 
tissue. This emerging ϐield requires a reliable source of stem 
cells to heal and support the regeneration of damaged tissue. 
Adipose tissue stem cells are currently being considered an 
ideal source of Autologous Mesenchymal Stem Cells (ADSCs) 
[3], for clinical purposes, especially because they are easily 
obtained by liposuction under local anesthesia causing 
minimal discomfort to the patient compared to traditional 
methods of obtaining them [4]. 

Introduction 

The ϐirst use of autologous fat grafts was presented 
by Neuber in 1893 for the treatment of facial defects [1]. 
Subsequently, since the 1980s, lipoaspirate transplant 
procedures have been codiϐied, and they have become 
common in cosmetic and reconstructive surgery clinical 
practice. Different technical variants and clinical applications 
have opened the horizons to unexpected perspectives, 
pushing surgical activity and research toward the frontiers 
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ADSCs have been shown to have the ability to self-renew and 
have a high potential to differentiate into various specialized 
cell lineages from other tissues both in vivo and in vitro [5,6]. 
They also have trophic, antiϐibrotic, and immunomodulatory 
properties [7] and they can secrete bioactive molecules that 
stimulate angiogenesis and revascularization of fat grafts [8,9]. 
Therefore, they can be considered an ideal cell population for 
several clinical applications [10]. Indeed, adipose tissue and 
ADSCs have been successfully used in various regenerative 
therapies, such as bone and cartilage defects [11], chronic 
wounds, skin repairs, and all soft tissue trauma lesions, tumor 
resections, and congenital malformations [12,13]. 

Recently, ADSCs isolated from liposuction aspirate have 
also been considered for tissue augmentation surgeries, 
including antiaging medicine [8,14-17]. Due to the 
unpredictability of graft survival and the risk of nodules, 
many authors have focused on microfragmented adipose 
tissue grafts (collectively known as Stromal Vascular Fraction 
-SVF, which contains about 30% - 40% ADSCs) [18] as a valid 
approach for volumization and skin regeneration. 

Fat harvest, processing method, and grafting technique 

Many studies have shown that the smaller the fat clusters 
injected and the more superϐicial tissue is taken, the better the 
results. How much does sampling, processing, and grafting 
affect clinical practice? Due to the reproducibility of the 
results, a highly standardized method must be used [19]. 

The Stromal Vascular Fraction (SVF) of adipose tissue 
contains many cells that form interconnected cell populations: 
adipocyte progenitors, pericytes, endothelial progenitor cells, 
and transit-amplifying cells [20]. As mentioned above, ADSCs 
can secrete bioactive molecules that stimulate angiogenesis 
and have antiϐibrotic, antiapoptotic, and immunomodulatory 
properties [21]. 

Moreover, SVF/ADSCs induce the secretion of cytokine 
and growth factors which promote angiogenesis and, thus, 
revascularization of fat grafts [22,23]. Such characteristics 
of SVF/ADSCs could account for some effects observed 
after adipose tissue implantation, such as improved skin 
trophism, accelerated closure of complex wounds or ulcers, 
and enhancement of skin appearance after damage from 
radiotherapy [24]. 

In 2015 one of the Authors [25] standardized the new 
tissue graft technique named Superϐicial Enhanced Fluid Fat 
Injection (SEFFI) to achieve skin enhancement and volume 
restoration of the face: these techniques use to harvest adipose 
tissue using microcannula with small sideport holes (0.3 - 0.5 
and 0.8 mm) in a superϐicial adipose tissue layer (SAT) [26], 
aimed at grafting adipose tissue, including the SVFCs and 
ADSCs contained therein. Since 2015, several studies have 
been published showing that using a special cannula with 
small sideports holes, adipose tissue can be harvested and 

selected for small clusters of cells that do not require any 
manipulation to reduce the size of the cluster and ϐluidify the 
tissue [27]. 

The absence of substantial manipulation guarantees the 
maximum viability and stemness of the harvested tissue. In 
fact, grafts prepared using simple decantation contained the 
highest number of viable adipocytes [28]. 

Exosomes 

Exosomes as known, are nanometer-sized vesicles 
(approximately 40 nm - 160 nm) produced by cells as a means 
of cellular communication [29]. They were ϐirst reported in 
1989 by Johnstone, et al. [30]. 

They transport various proteins, nucleic acids, and lipids. 
Exosome reϐlects the cellular environment from which it 
originates and acts as a paracrine molecule that interacts 
with the Extracellular Matrix (ECM) and neighboring cells. 
Currently, exosomes have shown many potential clinical 
applications, including stem cell maintenance and plasticity, 
biomarkers, adjuvants in chemotherapy and drug delivery, 
and wound healing supplements that promote angiogenesis 
[31]. 

The molecular biology underlying exosome signaling 
is still developing and is not yet fully understood in the 
literature. Although one of the most studied exosomes is 
derived from adipose tissue, it is important to note that each 
tissue or cell from which it originates may have speciϐic effects 
through a unique mechanism [32]. Exosome biogenesis 
begins with folding across the plasma membrane to form a 
Clathrin-Coated Vesicle (CCV) and then an early endosome. 
Subsequently, a second inward budding of the endosomal 
membrane occurs and produces a Multivesicular Body (MVB) 
containing exosomes. Finally, the MVB fuses with the plasma 
membrane, and exosomes are released into the extracellular 
space. In particular, They contain micro-RNA (miRNA), 
messenger-RNA (mRNA), transcription factors, membrane-
trafϐicking proteins, antigen-presenting proteins, and bilayer 
lipid membrane peptides [33] with high anti-inϐlammatory, 
regenerative, and vascular content. MicroRNAs (miRNA) are 
small endogenous single-stranded non-coding RNA molecules 
and they act by recognizing speciϐic mRNA targets that play a 
role in cell proliferation, apoptosis, and differentiation.

In cellular communication, the existing old concept 
involved direct contact between cells, an autocrine, paracrine, 
or endocrine signal mediated by free proteins, or free signals in 
the cytoplasm. However, since the mid-1990s exosomes have 
been found to play a vital role in intercellular communication 
and immunological function. These messengers are placed 
inside vesicles, so they are a sort of email with sender, 
recipient, and content based on these miRNAs. 

Purpose 

The study focused on the use of ADSCs and SVF for skin 
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The samples were subjected to evaluation of particle 
concentration per mL in the size spectrum between 100 and 
200 nm and were characterized with C81 and CD63 markers 
and showed the shape of vesicles at Transmission Electron 
Microscopy (TEM). Finally, the direct effect on ϐibroblast gene 
expression crash tests was evaluated. 

Results
The comprehensive analysis conducted on the samples 

provides compelling evidence supporting their exosomal 
identity. Not only were speciϐic molecular markers abundantly 
present on the surfaces of these exosomes, as indicated 
by sophisticated detection methods, but the meticulous 
examination via Transmission Electron Microscopy (TEM) 
further elucidated their nano-sized morphology, conϐirming 
their classiϐication as exosomes with high ϐidelity (Figure 1). 
This multi-faceted characterization underscores the rigor 
and thoroughness of the investigative approach, instilling 
conϐidence in the veracity of the ϐindings. 

Moreover, the in-depth scrutiny of miRNA content within 
these exosomes uncovered a rich and diverse repertoire of 
regulatory molecules, whose roles in orchestrating cellular 
processes associated with aging and wound healing are well-
documented (Figure 2). The abundance of these miRNAs 
within the exosomal cargo highlights their potential as potent 
mediators of therapeutic effects, capable of modulating 
intricate molecular pathways to promote tissue regeneration 
and mitigate age-related degenerative processes. 

The translational implications of these ϐindings are 
particularly noteworthy, especially concerning their 
application in clinical settings. The observed enhancement 
in gene expression related to essential extracellular matrix 
components—such as collagen, elastin, and hyaluronic acid—
following in vitro treatment of ϐibroblasts with exosomes 
signiϐies a pivotal step forward in regenerative medicine 
and aesthetic dermatology (Figure 3). The augmentation of 
these crucial structural proteins holds immense promise for 

regeneration through injection into dermal and subdermal 
layers. The biological basis supporting the mechanical 
fragmentation of adipose tissue as a strategy for tissue 
regeneration, however, has not been fully deϐined. The cell 
viability assessed after mechanical fragmentation induces 
cellular stress and wall damage such that the in vivo success 
observed from a clinical point of view is not justiϐied [25]. 
In this regard the study aimed to evaluate the regenerative 
and anti-aging properties of the ϐinal fragmented product, 
particularly focusing on the exosomes present. 

Initially, it was believed that ADSCs promote tissue 
regeneration by differentiating into desired cell types, but 
poor engraftment rates were observed due to cell adhesion 
issues [34,35]. 

Another proposed mechanism is cellular paracrine effects 
mediated by exosomes, microvesicles, and apoptotic bodies 
(EVs), which have been shown to have regenerative effects in 
various conditions like cardiovascular disease, kidney injury, 
brain injury, and skin wound healing [36]. 

Methodology 

A randomized controlled clinical multicenter trial was 
conducted in 24 consecutive patients with facial aging (skin 
atrophy and volume loss), chronic wounds, and soft tissue 
post-traumatic lesions of the lower limbs with the goal 
of regenerating tissues. Patients meeting type 1 or type 2 
diabetes mellitus, cardiovascular or neurologic disorders, 
chronic drug therapy, smoking, and previous abdominal 
surgery (laparotomy) were excluded. The study participants 
were recruited at the time of request and taken care of by 
three different surgeons. They were randomly divided into 
two groups, whose demographic characteristics were = Group 
A: (3 F – 9 M; average age 46.6 ys) Group B: (5 F – 7 M; average 
age 46.8 ys). Each patient, after informed consent obtained 
in accordance with the Declaration of Helsinki guidelines, 
underwent adipose tissue harvest into the selected donor 
site under local anesthesia [Cold Ringer’s lactate solution 
(100 mL) was mixed with lidocaine 2% (200 mg), Sodium 
Bicarbonate (5 mEq) and epinephrine (1 ml/1 mg) following 
a standardized protocol and injected with a ratio of 1:1 and 
all procedures were performed in AA’s medical facilities. 
Preferred harvesting sites were the suprapubic region, hip, 
trochanteric region, and inner knee. After aspiration, the fat 
was mixed with cold Ringer’s solution to rinse it from the 
anesthetic and to facilitate tissue precipitation. 

Two different methods of collecting and processing adipose 
tissue were used. In Group A the adipose tissue was harvested 
with traditional liposuction technique using a cannula of 3mm 
diameter (Coleman) then it was centrifuged for 1 minute at 
3500 rpm, In group B cannula of 2 mm diameter, 15 round 
side port holes of 0.8 mm diameter (SEFFI method) then it was 
left to decantation for 5 minutes. One sample of each patient, 
harvested from human adipose tissue during a surgical 
procedure, was sent to the laboratory. 
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Figure 1: Analysis of the content of exosomes derived from microfragmented adipose 
tissue sampling with the SEFFI method: 
(a) The histogram demonstrates the presence of speciϐic exosomal proteins 
(b) SEM images illustrate the size distribution of exos assessed also via Tunable Resistive 
Pulse Sensing (qNano) data do not show, revealing a mean diameter of 95 nm (Standard 
Deviation ± 35.6) and a typical shape, captured using the SEM Zeiss EVO 40 microscope 
(Zeiss, Oberkochen, Germany) at 70,000x magniϐication.
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enhancing tissue elasticity, resilience, and overall quality, 
thereby presenting exciting avenues for addressing age-
related changes and facilitating wound healing. 

In summation, the comprehensive characterization of 
exosomes derived from adipose tissue fragments underscores 
their potential as potent therapeutic agents in combating 
the effects of aging and promoting tissue regeneration. 
The amalgamation of robust experimental methodologies, 
coupled with compelling translational outcomes, positions 
these exosomes as promising candidates for clinical 
applications aimed at rejuvenating tissues, ameliorating age-
related ailments, and advancing the frontiers of regenerative 
medicine.

Discussion 
The purpose of the study was to evaluate the regenerative 

and anti-aging properties of the fragmented ϐinal product, 
focusing especially on the exosomes present. Therefore, 
clinical results related to the quality of tissue regeneration, 
where the primary endpoint was facial volume restoration, 
rhytids reduction, skin quality improvement, and success 
in more rapid and complete healing and repair of chronic 
wounds, and soft tissue trauma lesions, are not presented. 

The SEFFI (Superϐicial Enhanced Fluid Fat Injection) is a 
standardized technique and published that aims to harvest 
and re-inject autologous microfragmented adipose tissue 
with minimum manipulation. In this study, the harvesting 
and preparation procedure was performed by a disposable 
medical device SEFFILLER™ (Produced by SEFFILLINE srl 
Bologna Italy) compared with a traditional method. The 
advantages of the micrograft are the safety, reproducibility, 
and standardization of the procedure, the possibility of 
implanting fatty tissue at the surface level even with needles 
having a high content of stem cells. 

It has been demonstrated by previous research that the 
use of this method leads to adipose tissue samples in which 
mature viable adipocytes are present, statistically more vital, 
and metabolically active with intact cell walls and visible 
nuclei, in addition to a well-represented stromal component 
between adipocytes, without signs of cell necrosis.

However, to explain the good clinical results achieved with 
this method, we asked ourselves if this activity is exclusively 
related to the trophic, anti-ϐibrotic, and revascularization 
properties of SVF/ADSCs or is also due to the presence of 
secreted bioactive molecules such as exosomes. 

The mechanism of action of ADSCs in vitro and in vivo 
may be conϐlicting, and paracrine effects may be associated 
with both secreted vesicles and soluble factors, so the use of 
extracellular vesicles alone would limit the stimulatory and 
regenerative effects of ADSCs. 

Exosomes have been found for many years to play 
an important role in cell-to-cell communication and 
immunological function, and in addition, they have shown 
many potential clinical applications, including stem cell 
maintenance and plasticity, biomarkers, and wound healing 
supplements that promote angiogenesis, we focused on 
exosomes presence in fat graft samples. 

According to reports, human-induced pluripotent stem 
cells produce exosomes that can enhance skin ϐibroblast 
aging. The key to the clinical practice of medicine is the ability 
of exosomes to communicate intracellularly, leading to wound 
healing, immunomodulation, signaling and cell differentiation, 
and metabolic reprogramming.

The results are very interesting because, in addition to 
exosomes’ high presence, their miRNA content was also 
found, which indicates a large number of regenerative, anti-
inϐlammatory, and anti-aging properties. 

This evidence, related to the increased production of 
collagen, elastin, and hyaluronic acid in ϐibroblasts in vitro 
after the application of exosomes derived from fat samples, 
can even better explain the clearer clinical outcome of one 
method compared to the other. 
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Figure 2: Categorization of miRNAs contained in exosomes by SEFFI autologous micro-
fragmented adipose tissue.
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Figure 3: Trend of in vitro production of collagen, elastin, and hyaluronic acid in ϐibroblasts 
after application of exosomes obtained using different collection and processing systems 
and using the SEFFI method.
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Conclusion
The use of exosomes in medicine is receiving increasing 

attention and it is an area of growing interest in plastic surgery. 
Although starting from a clinical observation, the present 
work focused on determining the presence of exosomes in 
the adipose graft, as a determining factor in the success of the 
clinical result obtained. 

There could potentially be a discrepancy between the 
mechanism of action of ADSCs in vitro and in vivo, and 
paracrine effects can be attributed to both secreted vesicles 
and soluble factors, so the possible use of extracellular vesicles 
alone would limit the stimulatory and regenerative effects 
of mesenchymal stem cells. Key to clinical practice is the 
ability of exosomes to communicate intracellularly, leading to 
wound healing, immunomodulation, cellular differentiation, 
signal transduction, and metabolic reprogramming. Of note, 
exosomes derived from human-induced pluripotent stem 
cells have also been reported to enhance the aging of skin 
ϐibroblasts. 

The in vivo, treatment with microfragmented autologous 
adipose tissue has demonstrated that it is a minimally invasive 
procedure with a very low rate of complications and is an 
antiaging medical treatment that combines efϐicacy, safety, 
and simplicity.

The in vitro ϐinding of a more marked presence of exosomes 
in the ϐinal product derived from the SEFFI technique with an 
increase in the production of hyaluronic acid, type I collagen, 
and elastin, compared with other adipose tissue sampling 
methods, allows us to argue that this method is preferable to 
obtain more reproducible and stable clinical results. However, 
further clinical studies are needed to establish the impact, 
beneϐits, and effectiveness of exosomes in aesthetic plastic 
surgery.
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