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A B S T R A C T 

Background: Injection of autologous adipose-derived stem cells (ADSCs) and a stromal vascular fraction 

(VSF) into dermal and subdermal layers promises regenerative advantages by improving skin volume and 

rejuvenation. Injectable hyaluronic acid (HA) is a temporary dermal filler that, by improving skin hydration, 

reduces the appearance of fine lines and wrinkles, facial folds and creates structure and volume to the face 

and lips. This study combined the grafting of micro fragmented fatty tissue with the hyaluronic acid filler 

procedure, using three different types of HA.  

Methods: Each sample of micro fragmented adipose tissue harvested using the superficial enhanced fluid 

fat injection (SEFFI) technique collected from 8 patients were equally divided into two specimens. One of 

these (EMU specimens) was emulsified by gently applying ten back-and-forth passages from one syringe 

to another to fluidify the tissue. The other one was not emulsified (Ctrl/NON-EMU specimen). Both EMU 

and NON-EMU specimens were divided into four aliquots: one served as control, and the others were 

combined with each of three tested hyaluronic acids. Afterward, we assessed the cellularity of mesenchymal 

phenotype (defined as the number of adherent cells with mesenchymal phenotype per milliliter of adipose 

tissue) and the in vitro capacity of differentiation in mesenchymal lineages. 

Results: Despite low cellularity from emulsified samples combined with HA, isolated cells could grow and 

expand in culture, thus proving their proliferative ability, showing “good quality” in all conditions 

(Ctrl/NON-EMU, EMU, and combined with HA). The cells could differentiate towards mesenchymal 

lineages, express mesenchymal markers by flow cytometry analysis, and maintain their stemness potential. 

Conclusion: The combination of emulsified harvested tissue with HA products can be exploited to 

counteract the loss of volume and skin aging of the human face and body. This approach to regenerative 

aesthetic treatment is a promising treatment for facial antiaging therapy. 
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Introduction 

 

Adipose tissue is a promising source of mesenchymal stem cells that 

share many characteristics with those extracted from bone marrow 

(MSCs) [1-4]. Adipose-derived mesenchymal stem cells (ADSCs) are 

isolated through enzymatical digestion from the stromal vascular 

fraction (SVF) that contains large numbers of different types of cells: 

adipocyte progenitors, pericytes, endothelial progenitor cells, and 

transit-amplifying cells [5]. ADSCs have been shown to possess the in 

vitro and in vivo potential to differentiate into different lineages like 

osteogenic, chondrogenic, myogenic, hepatogenic, and endothelial cells 

[6, 7]. Moreover, like all MSCs, they exhibit antifibrotic and 

immunomodulatory characteristics and improve fat graft survival by 

inducing angiogenesis [8-11]. Thanks to these characteristics, adipose 

tissue implantation has been used to enhance skin trophism, accelerate 

healing of chronic wounds and ulcers, and improve skin appearance after 

damage from radiotherapy [11-14]. The regenerative properties of the 

SVF and ADSCs have also found application in plastic, reconstructive 

and aesthetic surgery [15, 16]. This approach in regenerative therapy 

(RT), which exploits the antiaging effect of SFV cells and ADSCs, is a 

promising procedure and an answer to the increasing request of 

minimally invasive while effective, long-lasting, and safe treatments. 

 

The Regenerative Therapy for Facial and Tissue Aging 

 

There are two distinct skin aging processes: photoaging (extrinsic) and 

chronological (intrinsic) [17]. The characteristics of skin aging include 

wrinkles, dryness, laxity, thinning, irregular pigmentation, and loss of 

elasticity caused by environmental and genetic factors. Histology studies 

revealed that UVA exposure turns skin into a flattened dermo-epidermal 

interface, with loss of dermal papillae, with a consequent decrease in 

dermal thickness and vascularity. This phenomenon leads to decreased 

fibroblast activity and accidentally arranged elastin fibers [18]. Fibrous 

collagen is vital for skin strength and elasticity. The amount of this 

protein usually decreases with aging. Many studies in the aesthetic field 

for skin rejuvenation confirm that ADSCs can increase dermal collagen 

synthesis and even vascularity via the production of many cytokines and 

growth factors [15, 19-22]. Pieces of evidence on the potential 

differentiation of ADSCs into endothelial progenitor cells have been 

reported recently. ADSCs interact with endothelial cells and 

macrophages to increase monocyte chemoattracting protein-1 (MCP-1) 

and vascular endothelial growth factor (VEGF) secretion to regulate 

angiogenesis [23, 24]. 

 

It has been shown that ADSCs can secrete growth factors that influence 

fibroblast and keratinocyte proliferation, migration, specifically collagen 

synthesis, and other ECM proteins connected with tissue repair and 

regeneration [25, 26]. Some studies proved that ADSCs could improve 

and increase dermal thickness and reduce wrinkles, likely by inducing 

paracrine dermal fibrosis (DF) and angiogenesis [26-28]. Transforming 

Growth Factor Beta (TGF-β) appears to play a notable role in regulating 

skin mechanisms and preventing their impairment after injury or during 

aging. By targeting ADSCs and DF, TGF-β participates in skin 

regeneration by inducing skin cell proliferation, migration, enhancement 

of angiogenesis, regulating melanogenesis, and accelerating wound 

healing and closure [29]. Fibroblast Growth Factors as FGF-2 and b-FGF 

interact with the keratinocyte growth factor (KGF) to reduce wrinkles by 

targeting fibroblasts and keratinocytes, thus modulating, in the same way 

as the normal process of angiogenesis, the tissue regeneration during 

wound healing and significantly improving the antiaging process [30-

32]. 

 

Approaching HA to Regenerative Medicine 

 

On the other hand, over the last 15 years, hyaluronic acid (HA) has 

proven to be one of the most popular and safe injectable biomaterials for 

soft tissue correction: the notable growth popularity of the use of HA 

fillers to repair aging-related facial defects likely rely on their excellent 

safety profile, efficacy, and ease of administration [33]. HA is a non-

sulfated glycosaminoglycan manly produced by mesenchymal cells. 

Although it can be found in any tissue of the organism, the skin is the 

richest one, with the HA content being approximately 50% of the total 

amount in the body. The roles of HA vary from joints hydration and 

lubrication to the modulation of inflammatory cells’ activation to 

enhance the immune response. Furthermore, it is a component of the 

extracellular matrix (ECM), the three-dimensional network fundamental 

for cells’ migration. Different manufacturing technologies allow the 

production of various HA fillers with different rheological properties due 

to differences in the HA concentration, three-dimensional links and 

structures, pore size distributions of the fibrous HA networks, and 

cohesivity/dispersivity ratio. 

 

Recently, the combination of ADSCs and HA has been investigated for 

tissue engineering applications [34-36]. Within the biohybrid system, the 

biomaterial acts as a scaffold that mimics the three-dimensional structure 

of the tissue, generating a microenvironment closely like the ECM that 

promotes and assists the adhesion, proliferation, and differentiation 

process of stem cells [37-39]. This study wanted to assess the usefulness 

of combining the HA filler procedure with the grafting of micro 

fragmented adipose tissue rich in SVF and ADSCs in facial rejuvenation. 

We used three types of HA fillers that differed in HA concentration and 

crosslinked three-dimensional network structures. Since the main 

processes involved in facial and tissue aging are the loss of volume and 

skin aging, the combination of HA filler and stem cell therapy might 

open a new age of regenerative aesthetic treatment.  

 

New technologies and techniques have been investigated to optimize fat 

tissue harvesting and reduce manipulation. In this study, we used the 

SEFFI (Superficial Enhanced Fluid Fat Injection) procedure. This 

technique was standardized by one of the authors of this study (AG) to 

obtain micro clusters of adipose tissue during the harvesting procedure 

while avoiding potentially harmful manipulations to fluidify the tissue 

[40-44]. The harvesting cannula used in the SEFFI technique is provided 

with multiples micro side portholes (0.8mm) that select micro clusters of 

adipose tissue. This tissue is fluid enough to be injected into the patient 

with no need for further manipulations, potentially harmful to cells, 

reducing viability and stemness in the adipose tissue. 

 

Materials and Methods 

 

I The Adipose Tissue Harvesting Procedure 

 

A total of 8 consecutive patients (6 females and two males) aged on 

average 47.7 years old were treated with the SEFFI technique to collect 

the fat tissue between February 2019 and March 2020. The SEFFI tissue 
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harvesting technique has been previously described [42, 44]. Briefly, the 

procedure was performed under local anaesthesia using a 2-mm diameter 

microperforated cannula with 0.8 mm side portholes mounted inside the 

unique patented guide (Figure 1). The guide is addressed to standardize 

the procedure and guarantee that tunneling is performed in the 

subcutaneous tissue adjacent to the dermis, particularly rich in 

mesenchymal and vascular stem cells and at the same plane for all 

samples (i.e., 15 mm under the skin surface) [45, 46]. Both cannula and 

guide are included in the SEFFlLLER™ medical device (produced by 

SEFFILINE S.r.l. Bologna - Italy). Each harvested adipose tissue was 

gently washed, transferred into a sterile tube, and left in a vertical 

position for approximately 5 minutes to allow sedimentation and 

subsequent discard of the upper oily layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Manual aspiration/selection of the adipose tissue. A) The 

cannula is introduced perpendicular to the skin through a hole in the skin 

and B) positioned in the superficial subcutaneous plane; C) the plunger 

is locked in aspiration position and moved back and forth to harvest the 

fatty tissue clusters; D) the guide assembled with syringe and cannula. 

The cannula selects adipose tissue in small clusters without the need for 

substantial manipulation before injection. The unique guide allows for 

harvesting the fatty tissue in the superficial and standardized plain even 

if the physician has no specific liposuction skills; E) the micro 

fragmented adipose tissue is collected in the syringe. 

 

II Cell Isolation and Combination with HA 

 

After removing the oily layer, each lipoaspirate sample was gently 

resuspended, and the volume was measured using a serological pipette. 

Then, the sample was measured for the cellularity (defined as the number 

of adherent cells with mesenchymal phenotype per milliliter of adipose 

tissue) and equally divided into two specimens. One of these (EMU 

specimens) was emulsified by gently applying ten back-and-forth 

passages from one syringe to another to fluidify the tissue (so that the 

injection can be performed using a small needle), and the other one was 

not emulsified (NON-EMU specimen). Both EMU and NON-EMU 

specimens were divided into four aliquots, of which one served as 

control and the other three were added with one of the hyaluronic acids 

as follows:  

i. Ctrl – only adipose-derived stem cells. 

ii. Ctrl+OC (OCLINE, produced by Officina Cosmetologica, 

Milano, Italy), which is non-cross-linked HA at a concentration 

of 2% (20mg/mL).  

iii. Ctrl+PRO (Prophilo, produced by IBSA Pharmaceutical, 

Lugano, CH), a non-cross-linked HA at a concentration of 3.2% 

(32mg/mL), stabilized by hybrid complexes of acids of different 

molecular weight.  

iv. Ctrl+THYE (STIMHA, produced by Documedica, Lugano, 

CH), a BDDE-cross-linked HA at a concentration of 2.5% (25 

mg/mL). 

 

The aim was to evaluate the combination of adipose stem cells /HA on 

the morphology, proliferation, and differentiation potential towards 

mesenchymal lineage (i.e., adipogenic, osteogenic, and chondrogenic 

lineages) and mesenchymal phenotype. The schematic representation of 

the experimental setup is reported in (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Schematic representation of the experimental setup. 

 

III Feasibility Study and Cell Characterization 

 

As a preliminary investigation, we used EMU and NON-EMU 

lipoaspirates samples obtained from two patients to optimize the 

isolation protocol. In this part of the study, we tested the combination of 

the stem cells with or without the hyaluronic acids OC and PRO. This 

part of the study aimed to investigate the harvesting and emulsification 
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procedure as an innovative method to isolate adipose stem cells with no 

need for the enzymatic step. The HA-mix samples were prepared by 

adding each HA type with a ratio of [1:1] and gently resuspending the 

mixture to obtain a homogeneous solution. Aliquots of 500μL of tissue 

controls and HA-mix samples were plated in 10 cm2 of cell culture 

surface containing 3 mL of expansion medium composed of Dulbecco’s 

Modified Eagle’s Medium High Glucose (DMEM-H), 10% fetal bovine 

serum (FBS), and 1% Penicillin and Streptomycin (PS) (all materials 

were obtained from Lonza, Walkersville, MD, USA). The plating of 

lipoaspirate in culture plates was performed to mimic the in vivo surgery 

treatment. The adding of three types of HA was carried out to simulate 

the in vivo injection of HA in combination with adipose tissue and test 

in vitro their potential effect on cell isolation and properties. 

 

After three days, the medium was replaced, leaving adipose tissue in the 

plate for another three days to allow cells to be released from the tissue 

and adhere to the plastic surface. Generally, after one week in culture 

first adherent cells are observed at the light microscope. Based on the 

results of the feasibility study, expanded cells were used for all the other 

evaluations. The medium was replaced, and the cells were let grow until 

they reached 70% of confluence. The attached cells were trypsinized and 

counted. Cellularity was calculated as the number of counted cells and 

divided by the milliliter of plated tissue. Cells were plated in a 96 well 

plate at a cell density of 3000 cells/cm2. The Alamar blue solution 

(AlamarBlue® Cell Viability Assay - Thermo Fisher Scientific, 

Waltham, MA, USA) was added to assess the proliferative potential of 

the adipose cells over time. This assay was performed according to the 

manufacturer’s instructions. Cells were monitored every day until cell 

confluence was reached. Fluorescence was read at a 530 nm to 560 nm 

excitation wavelength and a 590 nm emission wavelength using a multi-

label plate reader Victor (PerkinElmer Wallace Inc., MA USA). 

 

The day after plating, SA-β-galactosidase staining was performed to 

monitor the presence of senescent cells in culture using Senescence β-

Galactosidase Staining Kit (9860S; Cell Signaling Technology, Inc., 

MA, USA) according to the manufacturer’s instructions. Based on the 

feasibility study results, expanded cells were also used to test the 

potential differentiation towards mesenchymal lineages. ADSCs were 

cultured in a growth medium to assess the adipogenic differentiation 

until they reached 90% confluence. Afterward, the medium was replaced 

with the adipogenic medium (StemPro Adipogenic Differentiation kit, 

Gibco). Cells were cultured for two weeks, and the medium was replaced 

every 3-4 days until the end of the treatment., Cells were fixed in 10% 

formalin for 10 minutes and stained with Oil Red O solution (Sigma-

Aldrich, Merck Life Science, Milan, Italy) to visualize fat droplets. 

ADSCs were cultured in a growth medium until they reached 70% of 

confluence to evaluate osteogenic differentiation. The medium was 

replaced with the osteogenic induction medium (StemPro Osteogenesis 

Differentiation kit, Gibco) for 28 days. The medium was replaced every 

3-4 days until the end of the differentiation. Then, matrix deposition was 

stained using Alizarin Red solution (40mM, pH 4.1, Sigma Aldrich). 

 

To support chondrogenic differentiation, 100,000 cells were 

resuspended in 10 µL of PBS and plated for 1 hour at 37˚C in a 

humidified incubator. Pellet was cultured for one day in the growth 

medium, then replaced with the chondrogenic medium (StemPro 

Chondrogenesis Differentiation kit, Gibco). Differentiation assay lasted 

21 days, with the medium being changed every 3-4 days. Micro-masses 

and differentiated adherent cells were visualized using Alcian blue 

staining using a light microscope. Each type of staining was quantified 

using the NIH ImageJ software to measure % of area stained. Expanded 

cells were also analysed for mesenchymal (CD105, CD90, and CD73), 

endothelial (CD31), and hematopoietic (CD34 and CD45) markers by 

flow cytometry. 

 

IV Statistical Analysis 

 

Cellularity data were plotted using Graph Pad software and used for 

statistical analysis using the Student’s t-test data, are presented as mean 

+ standard deviation, as well as mean + standard error. A P-value less 

than 0.05 was considered statistically significant. 

 

Results and Discussion 

 

I Results of the Feasibility Study 

 

MSCs could be isolated from lipoaspirate samples in almost all 

conditions; furthermore, the cells showed mesenchymal morphology 

when observed at a light microscope (Figure 3). Cells were isolated for 

each condition (EMU and NON-EMU samples). Thus, from this 

preliminary study to test the assay’s feasibility, we could conclude that 

this type of isolation protocol could successfully recover mesenchymal-

like cells. Besides, the comparison with the clinical procedure was 

maintained. Therefore, we proceeded with the other tests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Cells were identified for each condition. Cell cultures were 

quite heterogeneous, with fibroblastic-like cells of different sizes and 

cells with long extrusions. 

 

II Cellularity 

 

Table 1 summarizes the results on the cellularity obtained for each tested 

condition. Cell recovery from NON-EMU Ctrl samples was successful 

in 8 out of 8 total samples (100%), whereas the cell recovery from EMU 

Ctrl samples was successful in 3 cases out of 8 (37.5%). Some of the 

“void” cultures of EMU Ctrl samples were still void of cells when 

combined with all tested HAs. Cultures devoid of cells were also found 

in two NON-EMU Ctrl+PRO samples and one EMU Ctrl+OC sample. 

Only from one specimen of harvested adipose tissue were we able to 

derive cells were derived in all tested conditions. When data were 

combined and graphed to verify the effect of HA on cellularity (Figure 

4), high variability between became visible samples probably due to 

biological variance, which is a well-known phenomenon in biology. 
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NON-EMU samples showed high variability, as shown by the high 

standard deviation of each group (Figure 5, graph on the left). In contrast, 

EMU samples expressed a bit lower, yet notable, standard deviation. To 

better understand differences in cellularity among treatments, data were 

graphed with standard error mean (SEM, Figure 5, graph on the right). 

Cellularity slightly decreased in NON-EMU Ctrl+PRO and NON-EMU 

Ctrl+THYE samples, whereas no difference was noted among EMU 

samples incubated or not with HA.  

 

Table 1: Cellularity (n. cells/ml) obtained from the cultures of non-emulsified (Ctrl/NON-EMU) and emulsified (EMU) ADSCs specimens (collected from 

the eight patients), with or without the addition of the three types of HA.s 

 Sample/patient number 

Type of treatment 1 2 3 4 5 6 7 8 

NON-EMU          

 Ctrl 75625 41250 37500 25000 461500 387500 13333 179166 

 Ctrl+OC 15000 59583 12500 87500 435000 120000 52380 315476 

 Ctrl+PRO 61875 87083 0 0 279000 105000 11904 208333 

 Ctrl+THYE n.a. n.a. 12500 50000 420000 25000 4761 65476 

EMU          

 EMU 0 13750 0 12500 0 0 0 216666 

 EMU+OC 27500 0 0 112500 0 5000 0 184523 

 EMU+PRO 15000 13750 0 25000 0 0 0 220238 

 EMU+THYE n.a. n.a. 0 87500 0 10000 0 172619 

n.a.: Sample Not Available. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Cellularity for the first two lipoaspirate samples. Cellularity is calculated by dividing the number of adherent cells per milliliters of adipose tissue 

plated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Sample’s cellularity for each tested condition in non-emulsified (Ctrl) and emulsified (EMU) samples. Left graphs showed standard deviation 

(SD) data, while on the right side, data are represented with standard error mean (SEM). 
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III Proliferation 

 

Even though the cellularity obtained from EMU samples combined with 

the tested HA was lower than the corresponding NON-EMU samples, 

cells could be expanded as shown by Alamar blue assay, thus proving 

their proliferative ability (Figure 6). Adipose-derived cells at the first 

passage in culture showed mesenchymal-like morphology; however, 

combining the different types of HA did not bring apparent differences. 

Cells from all samples were vital, in good conditions, and able to 

proliferate. The curves showed exponential growth, meaning that the 

cells were duplicating, and, after a couple of days, they reached the 

plateau due to cell culture confluence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Sample’s proliferation by Alamar blue assay. Proliferative curves confirmed the duplication ability of adipose-derived cells in all conditions. The 

graphs below showed the linear regression analysis of samples, illustrating no statistical differences between conditions. 

 

IV Senescent Phenotype 

 

All cultured cells were stained for the senescence-associated β-

galactosidase (SA-β-gal) to monitor the presence of senescent cells in 

culture. Cells, especially in vitro expanded cells, tend to stop 

proliferating, falling in a state of replicative senescence. A decrease in 

the number of SA-β-gal positive cells in NON-EMU Ctrl+OC and NON-

EMU Ctrl+PRO cultures was observed. Overall, fewer senescent cells 

were found in all EMU cells combined with all tested HAs than in the 

EMU control cells (Figure 7). A statistically significant difference was 

found between the EMU Ctrl and the EMU Ctrl+PRO cultured cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Presence of senescent cells in culture. Senescence-associated β-galactosidase staining was performed on cells in culture. Blue-stained is the 

positive cells (signed with asterisks * in the representative figure on the left) and were counted compared to negative ones. The plot shows the expression 

of positive cells (**p<0.01, Student’s t-test). 
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V Adipogenic Differentiation 

 

Overall, cells were able to differentiate towards adipogenic lineage in all 

conditions. With the only exception of the EMU Ctrl+THYE, all other 

EMU samples showed a slight increase towards adipogenic 

differentiation compared to NON-EMU ones (Figure 8). Moreover, the 

EMU Ctrl+PRO samples showed a better adipogenic differentiation than 

all the other HA combination samples. Oil droplets were visible in the 

cell cytoplasm, and it was also noted that few cells had smaller vacuoles, 

probably due to a lower grade of differentiation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Adipogenic differentiation (**p<0.01, Student’s t-test). 

 

VI Osteogenic Differentiation 

 

Cells were able to differentiate towards osteogenic lineage in all 

conditions analysed. Extracellular matrix was formed over cell layer, and 

it was stained in red by Alizarin staining. Among the tested samples, the 

NON-EMU Ctrl+PRO sample showed a better adipogenic 

differentiation than the other HA combination samples (Figure 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Osteogenic differentiation. 

 

VII Chondrogenic Differentiation 

 

The addition of each type of hyaluronic acid to NON-EMU cells 

improved differentiation, with the highest increase in NON-EMU 

Ctrl+THYE cells (Figure 10). EMU Ctrl+OC cells showed higher 

chondrogenic differentiation relative to EMU Ctrl ones, whereas the 

differentiation was lower in the EMU Ctrl+PRO cultured cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Chondrogenic differentiation (**p<0.01, *p<0.05, Student’s 

t-test). 

 

VIII MSCs Phenotype 

 

The analysis of the MSC phenotype could be conducted in one out of the 

eight collected specimens. We analysed the NON-EMU Ctrl, NON-

EMU Ctrl+OC, NON-EMU Ctrl+PRO, EMU Ctrl+OC, and EMU 

Ctrl+PRO sample cells. Cells were negative for hematopoietic CD34 and 

CD45 and endothelial marker CD31. Expression was below 1% and was 

not affected by emulsification or the addition of HA. Mesenchymal 

expression in cells from NON-EMU Ctrl samples, emulsified and 

combined with hyaluronic acid, did not change drastically, except for 

CD105 expression. The addition of HA drastically improved CD105 

expression (100%) in all conditions compared to NON-EMU Ctrl (14%). 

The NON-EMU Ctrl+PRO sample showed a lower expression compared 

to EMU Ctrl+PRO (73%). Interestingly, CD73 expression was lower in 

NON-EMU Ctrl cells combined with HA, whereas it increased when 

EMU Ctrl cells were added with OC and PRO hyaluronic acids (Figure 

11).  

 

Conclusion 

 

Our study showed that it is possible to derive vital SVF cells and 

adipocytes from lipoaspirate samples harvested with SEFFI procedure 

with 0.8mm side portholes cannula using SEFFILLER® medical device. 

There was high variability in the cellularity among samples, and one of 

the causes could be donor biological variability. Although cellularity 

from emulsified samples combined with HA was lower, isolated cells 

could grow and expand in culture, thus proving their proliferative ability, 

and showed “good quality” in all conditions (NON-EMU, EMU, and 

combined with HA). Cells from tissue harvested with the SEFFI 

technique and emulsified are mesenchymal stem cells. They differentiate 
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towards mesenchymal lineages, express mesenchymal markers by flow 

cytometry analysis, and maintain their stemness potential. Interestingly, 

the combination of hyaluronic acid in the harvested tissue and emulsified 

decreased the presence of senescent cells, especially for the mix with the 

PRO HA. Overall, the EMU samples show a slight increase towards 

adipogenic differentiation compared to Ctrl/NON-EMU ones. In 

particular, the Ctrl+PRO EMU+ PRO sample showed a better 

adipogenic differentiation compared to the samples combined with other 

HAs. The EMU +THYE cells showed a decrease in adipogenic 

differentiation ability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: MSCs phenotypes: MSCs phenotype. Mesenchymal expression in cells in Ctrl, EMU and combined with hyaluronic acid, did not change 

drastically, except for CD105 expression. The addition of HA drastically improved CD105 expression (100%) in all conditions compared to control (14%) 

and the combination with PRO showed a lower expression compared to the emulsified one (73%). Interestingly, CD73 expression was lower when cells 

were in combination with HA, but it increased when cells derived from the emulsification procedure and addition of the HA. 

 

The addition of hyaluronic acid to tissue harvested with the SEFFI 

technique and emulsified or non-emulsified increased chondrogenic 

capacity, except for the EMU+PRO sample. This finding agrees with 

other papers showing HA’s ability to improve chondrogenic 

differentiation of adipose-derived stem cells [47]. Mesenchymal 

expression in emulsified cells combined with hyaluronic acid did not 

change drastically, except for CD105, whose expression was drastically 

improved by the addition of HA (100%). The CD73 expression was 

lower when non-emulsified cells were combined with HA but increased 

when emulsified cells were mixed with HA. Regenerative medicine is a 

high-potential sector of strategic developments in the medicine and 

health industry. The potential to make skin aging “curable” makes 

regenerative medicine of exceptionally crucial importance. The 

difficulty of ex vivo expansion and complexity of current Good 

Manufacturing Practice (cGMP) requirements for expanded cells lead to 

developing MSCs autologous strategies. Adipose tissue contains cells 

with phenotypic/transcription profiles of human mesenchymal stem cells 

(hMSCs) and pericytes. The availability of a minimally manipulated, 

hMSC/pericyte-enriched fat product would have remarkable biomedical 

and clinical relevance. 

 

That’s why we aimed at developing a new fat tissue product, SEFFI + 

HA, available for the autologous ready-to-use treatment of human skin 

aging, which can be obtained without pre-treatment of enzymes and 

yields a highly homogeneous MSC population. The combination of 

SEFFI fresh tissue with HA product can be exploited to counteract the 

loss of volume and skin aging of the human face and body: examples of 

critical aesthetic areas of aging are the wrinkles around the mouth, loss 

of volume of the malar fat pad, tear trough periocular area, and hands 

and neck wrinkles. The non-expanded autologous fat product SEFFI 

with HA may pave the way to novel approaches and paradigms in facial 

rejuvenation within the context of personalized autologous regenerative 

medicine. Further studies involving more cases will be desirable, 

anyway the results of this study open the possibility to a new combined 

approach to facial rejuvenation treatments. 
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33. Molliard SG, Bétemps JB, Hadjab B, Topchian D, Micheels P et al. 

(2018) Key rheological properties of hyaluronic acid fillers: from tissue 

integration to product degradation. Plast Aesthet Res 5: 17. 

34. Poon CJ, Pereira E, Cotta MVPE, Sinha S, Palmer JA et al. (2013) 

Preparation of an adipogenic hydrogel from subcutaneous adipose 

tissue. Acta Biomater 9: 5609-5620. [Crossref] 

35. Altman AM, Khalek FJA, Seidensticker M, Pinilla S, Yan Y et al. 

(2010) Human tissue-resident stem cells combined with hyaluronic acid 

gel provide fibrovascular-integrated soft-tissue augmentation in a 

murine photoaged skin model. Plast Reconstr Surg 125: 63-73. 

[Crossref] 

36. Argentati C, Morena F, Bazzucchi M, Armentano I, Emiliani C et al. 

(2018) Adipose Stem Cell Translational Applications: From Bench-to-

Bedside. Int J Mol Sci 19: 3475. [Crossref] 

37. Martino S, D’Angelo F, Armentano I, Kenny JM, Orlacchio A (2012) 

Stem cell-biomaterial interactions for regenerative medicine. 

Biotechnol Adv 30: 338-351. [Crossref] 

38. Murphy WL, McDevitt TC, Engler AJ (2014) Materials as stem cell 

regulators. Nat Mater 13: 547-557. [Crossref] 

39. Trappmann B, Gautrot JE, Connelly JT, Strange DGT, Li Y et al. 

(2012) Extracellular-matrix tethering regulates stem-cell fate. Nat 

Mater 11: 642-649. [Crossref] 

40. Gennai A, Zia S, Roda B, Maggio A, Bonsi L et al. (2020) SEFFI 

(Superficial Enhanced Fluid Fat Injection) for Aesthetic and Clinical 

Regenerative Treatments. Global J Dermatol Venereol 8: 32-40. 

https://pubmed.ncbi.nlm.nih.gov/16501628/
https://pubmed.ncbi.nlm.nih.gov/17620285/
https://pubmed.ncbi.nlm.nih.gov/16619257/
https://pubmed.ncbi.nlm.nih.gov/22913454/
https://pubmed.ncbi.nlm.nih.gov/11248861/
https://pubmed.ncbi.nlm.nih.gov/24978937/
https://pubmed.ncbi.nlm.nih.gov/21962530/
https://pubmed.ncbi.nlm.nih.gov/25506730/
https://pubmed.ncbi.nlm.nih.gov/25811565/
https://pubmed.ncbi.nlm.nih.gov/26879294/
https://pubmed.ncbi.nlm.nih.gov/12437452/
https://pubmed.ncbi.nlm.nih.gov/16176768/
https://pubmed.ncbi.nlm.nih.gov/30836733/
https://pubmed.ncbi.nlm.nih.gov/19368510/
https://pubmed.ncbi.nlm.nih.gov/26621500/
https://pubmed.ncbi.nlm.nih.gov/31583562/
https://pubmed.ncbi.nlm.nih.gov/31412933/
https://pubmed.ncbi.nlm.nih.gov/28137582/
https://pubmed.ncbi.nlm.nih.gov/27615560/
https://pubmed.ncbi.nlm.nih.gov/19396609/
https://pubmed.ncbi.nlm.nih.gov/29394110/
https://pubmed.ncbi.nlm.nih.gov/23770676/
https://pubmed.ncbi.nlm.nih.gov/16706755/
https://pubmed.ncbi.nlm.nih.gov/25226016/
https://pubmed.ncbi.nlm.nih.gov/29847822/
https://pubmed.ncbi.nlm.nih.gov/23142702/
https://pubmed.ncbi.nlm.nih.gov/20048601/
https://pubmed.ncbi.nlm.nih.gov/30400641/
https://pubmed.ncbi.nlm.nih.gov/21740963/
https://pubmed.ncbi.nlm.nih.gov/24845994/
https://pubmed.ncbi.nlm.nih.gov/22635042/


Evaluation of the Number, Biophysical and Multipotent Characteristics of Adipose Derived Stem Cells by SEFFI Procedure and Interaction with Hyaluronic Acids       10 

 

Int J Regenr Med   doi: 10.31487/j.RGM.2021.02.02     Volume 4(2): 10-10 

41. Gennai A, Bernardini FP (2017) Superficial enhanced fluid fat injection 

(SEFFI and MicroSEFFI) in facial rejuvenation. CellR4 5: e223. 

42. Gennai A, Zambelli A, Repaci E, Quarto R, Baldelli I et al. (2017) Skin 

Rejuvenation and Volume Enhancement with the Micro Superficial 

Enhanced Fluid Fat Injection (M-SEFFI) for Skin Aging of Periocular 

and Perioral Regions. Aesthet Surg J 37: 14-23. [Crossref] 

43. Bernardini FP, Gennai A (2016) Fluid Fat Injection for Volume 

Restoration and Skin Regeneration of the Periocular Aesthetic Unit. 

JAMA Facial Plast Surg 18: 68-70. [Crossref] 

44. Bernardini FP, Gennai A, Izzo L, Zambelli A, Repaci E et al. (2015) 

Superficial Enhanced Fluid Fat Injection (SEFFI) to Correct Volume 

Defects and Skin Aging of the Face and Periocular Region. Aesthet 

Surg J 35: 504-515. [Crossref] 

45. Clauser L, Lucchi A, Tocco Tussardi T, Gardin C, Zavan B (2018) 

Autologous Fat Transfer for Facial Augmentation and Regeneration: 

Role of Mesenchymal Stem Cells. Atlas Oral Maxillofac Surg Clin 

North Am 26: 25-32. [Crossref] 

46. Trivisonno A, Di Rocco G, Cannistra C, Finocchi V, Farr ST et al. 

(2014) Harvest of superficial layers of fat with a microcannula and 

isolation of adipose tissue-derived stromal and vascular cells. Aesthet 

Surg J 34: 601-613. [Crossref] 

47. Huang Y, Seitz D, König F, Müller PE, Jansson V et al. (2019) 

Induction of Articular Chondrogenesis by Chitosan/Hyaluronic-Acid-

Based Biomimetic Matrices Using Human Adipose-Derived Stem 

Cells. Int J Mol Sci 20: 4487. [Crossref] 

 

https://pubmed.ncbi.nlm.nih.gov/27241362/
https://pubmed.ncbi.nlm.nih.gov/26587895/
https://pubmed.ncbi.nlm.nih.gov/25911629/
https://pubmed.ncbi.nlm.nih.gov/29362068/
https://pubmed.ncbi.nlm.nih.gov/24687265/
https://pubmed.ncbi.nlm.nih.gov/31514329/

