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Abstract: The aim of this clinical study was to demonstrate that through a micrograft of viable adipose
tissue cells microfiltered at 50 microns to exclude fibrous shoots and cell debris in a suspension of
cross-linked hyaluronic acid, we were able to improve visible imperfections of the dermis and
to improve clinically observable wrinkles, with a beneficial effect also in the extracellular matrix
(ECM). Background and Objectives: With the passage of time, the aging process begins, resulting in
a progressive impairment of tissue homeostasis. The main reason for the formation of wrinkles is
the involution of the papillary dermis, as well as the loss of stem cell niches with compromise of
the extra-cytoplasmic matrix (ECM), and the loss of hyaluronic acid, which helps to maintain the
shape and resistance and that is contained in the connective tissue. Materials and Methods: This study
involved 14 female patients who underwent dermal wrinkle correction and bio-regeneration over the
entire facial area through a suspension containing 1.0 mL of viable micrografts from adipose tissue in
a 1.0 mL cross-linked hyaluronic acid. To verify the improvement of the anatomical area concerned
over time, the various degrees of correction obtained for wrinkles, and in general for texture, were
objectively evaluated by using a Numeric Rating scale (NRS) 10–0, a modified Vancouver scale and a
Berardesca scale. Results: The Berardesca, NRS and Modified Vancouver scales showed that with
this technique it was possible to obtain excellent results both when the suspension was injected
into wrinkles with the linear retrograde technique, and when it was injected with the micropomphs
technique to correct furrows, with the intent to revitalize the tissue through progenitors with adult
stemness markers. Conclusions: The combination of microfragmented and microfiltered adipose tissue
and cross-linked hyaluronic acid at 50 microns is safe new method to treat soft tissue defects such as
deep wrinkles.

Keywords: adipose autologous micrograft; cluster of differentiation (CD); dermal regeneration;
hyaluronic acid; side population; tissue progenitor

1. Introduction

Correct tissue homeostasis and balance are essential to maintaining the physiological
cell turnover in tissues and in the extracellular matrix (ECM). Exogenous and endogenous
agents interfere with homeostatic efficiency and decrease the ability of cells in more complex
tissues to maintain their integrity by altering structural molecules that are necessary for
them [1]. Morphological characteristics of senescent cells are the reduction in cell volume
and the accumulation of lipofuscins that are responsible for the hypotrophy of tissues in
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conjunction with the slowdown in cell multiplication [2]. Therefore, the generation of free
radicals inside cells and the accumulation of defective molecules lead to an impairment of
their biological function [3]. Mutations due to free radicals also affect mitochondrial DNA,
which leads to a malfunction of those proteins involved in the production of ATP with
the consequent alteration of the bioenergetics of involved cells [3]. Modifications induced
by the compromise of anchoring systems of cells that are ubiquitous in all tissues are also
involved in the aging process [4]. The consequence of these pathophysiological processes
allows an increase in tissues of proinflammatory cytokines produced by dendritic cells and
macrophage tissue, with the activation of the pro-inflammatory genetic program NF-Kb,
which is also responsible for maintaining an inflammatory state over time [4]. Therefore,
the result will be an induction of replicative senescence, activation of aginggenes, and the
loss of niches of Adult Stem Cells, with an involution of tissue homeostasis [5].

The phenomenon of dermal aging is also closely related to pathologies in tissue
elastin, which can only be acquired and triggered by the inflammation that leads to the
deterioration of elastic fibers [4]. This is generally associated with tissue fibrosis, which
constitutes an increased deposition in the tissues of collagen produced by cells in a non-
physiological way. Both of these pathophysiological events contribute to accentuate the
pathophysiological phenomenon of aging of the dermis [5]. Cytokines most commonly
involved in the process of genesis of a fibrotic tissue are TGF-β, IL-1, TNF-α, and PDGF,
while the most important cell in the formation of fibrosis is the fibroblast, which, through
the inflammatory stimulus, encodes the formation of type I collagen and the consequent
modification of the extracellular matrix by compromising the anchoring systems of cells
within the ECM [6].

Through an increase in fibronectin and laminin, the bonds with type I collagen are
stabilized, and through the integrin system they help to generate new signals of fibrosis
induction by means of an accumulation of proteins that are inappropriate for that tissue
and capable of stimulating specific alarms such as HGMB-1. The consequence will be an
increase of inflammatory signals towards the NF-Kb genetic program with an increase in
the impairment of the ECM [7]. Its degradation will consequently be modulated through
the activity of specific glycoproteins, the Metalloproteinases (MMPs), which after being
secreted provide an important contribution to fibrotic tissue remodeling [8]. MMPs can be
inhibited by metalloproteinase inhibitors (TIMPs). Adult stem cells that are contained in
adult tissues in a variable percentage from 0.001 to 1%, protected by specific niches and
randomly arranged, can locally intervene in the cell turnover process that characterizes the
physiological homeostasis of tissues. They participate in the regenerative processes and
secrete inhibitors of metalloproteinases: TIMPs, and inhibitors of plasminogen activators:
PAISc [9]. The latter is produced by adult mesenchymal cells that participate in regener-
ative processes, restore integrity by maintaining the tissue architecture by preventing an
alteration of the geometry of tissues in the papillary dermis, and by also preventing an
increase in the distance between cells and vessels by avoiding the consequent diffusional
hypoxia [9]. The replacement of native cells to maintain a physiological homeostasis and
the integrity of the tissues appears to be conditioned by the amount of intact adult stem
cells, and by the efficiency of telomerase, while somatic mutations of adult stem cells and
the depletion of niches are closely related to organ-tissue aging [10]. In this context, it is
fundamental the supplementation of new cells that have the characteristics of adult stem
cells, in order to locally intervene in the cell turnover processes, which characterizes a
physiological regenerative process [11].

Hyaluronic acid is one of the main components of connective tissues, in humans it
helps to maintain their shape and resistance, but its progressive depletion in tissues it
contributes to the loss of volumes and to the formation of wrinkles. The natural and most
important ligand for hyaluronic acid is CD44, a highly glycosylated transmembrane protein
composed of 177 amino acids, and that it is able to induce survival mechanisms in certain
cell, through an obligatory bond called binding [12,13]. CD44 is commonly expressed on
the surface of adipose-derived adult mesenchymal stem cells [14,15] and it can also bind
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fibronectin and selectin by improving homeostatic regulation and physiological responses
to growth factors [16].

The union of the cross-linked hyaluronic acid with stem cells or progenitors for a
regenerative therapy of the dermis would allow a physiological neo-collagen genesis
through the activation of CD 44 [14]. This can be boosted by the mechanical properties of
hyaluronic acid with a synergistic action of filling and regeneration of the treated tissue [17].
This technique should increase the vitality and longevity of the progenitors injected with
the linear retrograde technique or micro wheal, and it is linked to the re-viable cells and
their consequent improved functionality [18].

An increase in both qualitative and quantitative biological parameters would have
allowed an improvement in the plastic characteristics of progenitors through an increase in
the number of new cells, in conjunction with a long-lasting scaffold caused by cross-linked
hyaluronic acid. These phenomena would have consequently allowed an increase in cell
turnover in the dermis, which would have induced a clinically-observable increase in the
secretion of physiologically expressed collagen and elastin [19].

Initially, this hypothesis had been already demonstrated in another study with non-
crosslinked hyaluronic acid [20]. which opened a new perspective on the association be-
tween cross-linked hyaluronic acid and a small amount of adipose tissue. The emulsification
according to Tonnard 2013 and microfiltering, allow the deprivation of the inflammatory
component derived from fibrous shoots and cellular debris [21] that are potentially able to
activate the Toll-Like system 4 [22]. We have shown that filtration of disintegrated adipose
tissue at certain sizes allows for the maintenance of a viable and-numerically speaking, a
very high side population, even within 2 mL of processed tissue [23]. It is certain during
the disintegration, according to Tonnard 2013, but especially during filtration, that there is
a loss of vital elements [24], but their therapeutic potential is higher [25] because fibrous
shoots and cellular debris are eliminated.

The exclusion of fibrous shoots and cell debris prevents ADSCa from expressing inflam-
matory Toll-Like Receptors, and thus from recruiting additional inflammatory cells to the
implantation site [26]. In fact, the activation of TLR4 on them it would lead to the selection
of proinflammatory adult mesenchymal stem cells, with proinflammatory secretomes [21]
with a subsequent modulation of the inflammation and an activation of the fibroblastic
process [27] that are incompatible with a system that provides tissue regeneration and with
our studio. Therefore, the clinical hypothesis was to correct the soft tissue damage through
a combination of a durable scaffold like hyaluronic acid mixed with progenitors derived
from adipose tissue [28]. This strategy might promote the survival of the progenitors, and
to allow them to resist the aggression of exogenous and endogenous agents [29].

2. Patients and Materials

The study was approved by the local Ethics Committee with authorization No.
11032/2022. A total of 14 patients (aged between 41 and 58 years) were included in
the study. Inclusion criteria were the following:

• Male or female subjects between 30 years and 65 years;
• The presence of deep wrinkles in the facial area, e.g., around the eyes, around the

mouth and cheeks, including wrinkles and spots on the face;
• Skin free of diseases that could interfere with the evaluation of the results;
• Willingness to abstain from any cosmetic or surgical procedures in the treatment area

for theduration of the clinical investigation;
• Willingness to abstain from any facial surgical procedures for the duration of the clinical;
• investigation including application of botulinum toxin;
• Willingness to abstain from excessive weight gain or weight loss (±10% of body

weight), and/or drastic dietary changes for the duration of the clinical investigation;
• Written informed consent.
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2.1. Exclusion Criteria

• For females: pregnancy, lactating, planned pregnancy;
• History of mental disorders or emotional instability;
• History of allergic reaction to HA products;
• Facial surgery or implantation of dermal fillers in the nasolabial region within the last

24 months;
• Skin of the to be treated region affected by cosmetic treatments (e.g., laser therapy

within the last 12 months, chemical peeling within the last 3 months, and dermabrasion
within the last 12 months, and botulinum toxin within the last 12 months);

• Connective tissue diseases;
• Diabetes mellitus or uncontrolled systemic diseases;
• Known human immune deficiency virus-positive individuals;
• Presence of silicone implants or implants of another non-absorbable substance (per-

manent fillers) in the area of product application;
• Cutaneous lesions in the evaluated area;
• Tendency to keloid formation and/or hypertrophic scars;
• Autoimmune disease;
• Any medical condition prohibiting inclusion in the study according to the judgment

of the investigator;
• Subjects for whom due to a mental disorder or a mental disability a custodian has

been appointed or who are legally or magisterially arrested or housed;
• Current or previous (within 30 days of enrollment) treatment with an investigational

drug and/or medical device or participation in another clinical study;
• History of allergies to cosmetic filling products and recurrent herpes simplex virus;
• Heavy smokers (>20 cigarettes per day).

2.2. Procedure

The study was performed by following the standards of the local ethics committee,
and in accordance with the Declaration of Helsinki (2000). Patients were subjected to
ta subdermal injection of a suspension containing 1 mL of viable micrografts derived
from adipose tissue [30] and emulsified in 1 mL of cross-linked hyaluronic acid as a
scaffold. Adipose tissue was extracted following the protocol provided by the MilliGraft
kit® (Dual Trend srl Corso Torino, Chieri, Italy). This is a standardized protocol that
guarantees the correct extraction of numerous progenitors [30,31]. In fact, the disposable
kit contains everything necessary for a quick and simple extraction and processing of the
necessary quantity of adipose tissue, in addition to 50-micron filters. With these materials
we have been able to obtain vital progenitors in the suspension by excluding fibrous
shoots and potentially-inflammatory cellular debris [30]. The procedure to obtain a fat
micrograft with the MilliGraft kit® includes four steps, as follows: (1) A regional site
anesthesia is performed. The fat tissue is then removed. Both procedures are carried out
through the use of a needle connected to a Luerlock® syringe to simplify the procedure;
(2) the removed tissue is immediately processed in order to get a gradual reduction of
adipose clusters, and a MilliGraft kit is used to obtain a fluid suspension without oily and
hematic components that are usually pro-inflammatory; (3) The processed adipose tissue
is filtered with 50µm mesh in order to isolate a cell population without debris [32]. Such
obtained solution (Figure 1B) was mixed and cross-linked HA with Panthenol “Dermal
plus 25 High Performance” 1 mL prefilled syringe from Beauty system Pharma Srl, (lot
0219820) to serve as a scaffold (Figure 1A). The sterility of the final product was maintained
as the MilliGraft kit® guarantees a sterile final solution thanks to a closed system which
was mixed with sterile hyaluronic acid by connecting the two syringes (Figure 1C,D). All
of these procedures were carried on in a surgical theater.
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Figure 1. Procedure to mix microfragmented fat with hyaluronic acid. (A) Hyaluronic acid prefilled
syringe; (B) Filtration of the collected and fragmented fat tissue; (C,D) mixing of the fragmented
adipose tissue with hyaluronic acid in a closed system to guarantee sterility.

2.3. Detailed Procedure

After administering local anesthesia to the abdomen or supratrocanteric donor area
with Klein’s solution through a 10 mL syringe and a 25 G needle, the extraction of a total of
3 mL of lipoaspirate was undertaken.

The extraction with a needle allows a better survival of progenitors [30], as well as an
overlap in the quantity and quality of viable extracted cells, rather than the extraction with
a multi-hole cannula [24,25]. The use of a needle makes the procedure very quick. After
the extraction of the adipose tissue, the suspension was left to settle for 10 min, in order
to eliminate anesthesia fluids. Two mL of adipose tissue was then processed as described
by Tonnard 2013 [31], and filtered at 50 microns to preserve the cell population [30], from
which about 1.2 mL of a final suspension was obtained (Figure 1B). It is known that during
the disintegration and the subsequent filtration, a loss of vital elements may occur [25].
Nevertheless, by eliminating fibrous shoots and cellular debris, the therapeutic quality of
progenitors is improved [26], as fibrous and cell debris could activate an inflammatory
process through the Toll-Like system [30]. The microfiltrate was divided into two 1 mL
syringes and added to 0.5 mL of hyaluronic acid through a three-way tap with a very
gentle back and forth movement (made for 5–7 times) in order to emulsify the two parts
(Figure 1C,D). The obtained suspension remained stable during the injection treatment,
without any settling of parts occurring during the procedure. The suspension was ad-
ministered through a 25 G needle for the deep dermis, and with a 30 G needle for more
superficial treatments. Techniques that we used were those of retrograde injection and
micropomphs. The entire procedure took 45 min for each patient.

2.4. Follow-Ups

Two different scoring systems were used to assess the efficacy of the studied procedure,
the patients’ satisfactory score proposed by Berardesca et al. [33] and the Vancouver Scar
Scale [34] that we used to estimate the general improvement of the skin appearance,
considering four parameters: ductility, height, vascularity, and pigmentation. The patients
were subject to examination and scoring at day 0 (baseline), day 1 (follow up 1), day 80
(follow up 2), and day 150 (follow up 3). The data were collected and analyzed at the end
of the study.
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3. Results

All patients were female and did not have any specific dermal pathologies or other
systemic pathologies that were not-pharmacologically controlled. A progressive and
significant improvement in skin relief can be observed during treatment. In comparison
to D0 (before treatment), after 1 day, 80 and 150 days, subjects satisfaction was evaluated
by giving scores on firmness and cutaneous relief by using a scale of 0–4 for each criterion
(0 = unsatisfactory; 4 = satisfactory), as suggested by Berardesca et al. [33]. As expected,
the data shown in Figure 2 demonstrate a high degree of satisfaction that lasts over time
(5 months). In addition, individual wrinkle signs, as well as the defect severity obtained
for each treatment and each area, were objectively evaluated by using a 10–0 Numeric
Rating Scale (NRS) with separate scores for each site (10 = High wrinkle signs or High
defect severity; 5 = Medium wrinkle signs or medium defect severity; 0 = Low wrinkle
signs or medium defect severity). This scale is our creation and aims to give a numerical
measure of the degree of severity of the general facial defect and more specifically of wrinkle
severity, before starting the treatment (D0), during the treatment (D1 or D80), and at the
end of treatment (D150). Results shown in Figure 3 demonstrate that the treatment with
viable micrografts derived from adipose tissue and cross-linked hyaluronic acid induces
a significant reduction of the wrinkle signs and defects severity, in all patients. Tissues
treated with both the retrograde and micropomph techniques were also evaluated through
the modified Vancouver scale: parameters analyzed are ductility, height, vascularity and
pigmentation, as shown in Figure 4. The Vancouver Scar Scale is widely used in clinical
practice and research to document changes in scar appearance, and in our study we used
that to estimate in general the improvement of the skin appearance considering the four
parameters mentioned above (ductility, height, vascularity and pigmentation). The results
from the Vancouver scale show that all the paraments considered significantly decreased
at day 80 and 150. These results are consistent with the improvement of the treated sites.
A representative image of the results at day 80 are represented in Figure 5. Moreover,
treatment safety was recorded and the use of the product did not lead to any unwanted
cutaneous reaction, demonstrating its complete safety.
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4. Discussion

Human mesenchymal stem cells (hMSCs) have been presented as a promising cell
source for regenerative medicine in a variety of settings, including bone and cartilage repair,
cardiac, vascular, neuronal, and endocrine rescue. These cells can self-renew at a rapid pace
and have multipotent differentiation abilities. According to in vitro, ex vivo, and in vivo
data, these multipotent cells may develop into mature adipocytes as well as chondrocytes,
osteoblasts, myocytes, hepatocytes, neuronal-like and endothelial cells, and other lineages,
and this potential may be employed to heal damaged tissues.

Furthermore, MSCs release a number of bioactive chemicals that function in a paracrine
fashion to trigger and maintain angiogenic, antifibrotic, antiapoptotic, and immunomod-
ulatory responses in target tissue [35]. Adipose tissue is an excellent source of MSCs, as
the number of these cells in this tissue is very high compared to other tissues, such as the
often-used bone marrow. Moreover, adipose tissue can be easily obtained with a very low
impact on patients’ health. Adipose derived stem cells (ASCs), like MSCs generated from
bone marrow, are multipotent and capable of differentiating into mesenchymal lineages.
Nonetheless, they have similar immunophenotypes, differentiation abilities, proteomes,
immunomodulatory capabilities, and transcriptomes [11]. The last years have seen the
development of many non-enzymatic methods to obtain a solution containing ASCs. These
methods avoid the problems and costs GMP facilities and can be performed in the surgery
theater without special equipment. The MilliGraft kit® belongs to this family of tools and
has been used in several applications [36]. Microfragmented adipose tissue such as the one
obtained with MilliGraft has been shown to contain good quality MSCs [37]. Microfrag-
mented adipose tissue has been shown to have anti-inflammatory [38] and regenerative
properties and it has been used to treat diseases such as osteoarthritis [39,40], Crohn’s
disease fistula [41], and others. Adipose derived products such as nanofat and sìthe and so
called stromal vascular fraction SVF has been also applied in aesthetic and reconstructive
medicine, mostly for scar reduction and facial rejuvenation [42] Nevertheless, the combina-
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tion of filtered microfragmented adipose tissue with cross-linked hyaluronic acid has never
been used to treat soft tissue defects. Thus, in this work we challenged this hypothesis.
Our aim was to clinically demonstrate that this combination could be used to improve the
regenerative process of soft tissue for the correction of deep wrinkles and to obtain a general
improvement of the treated sites. Our study involved 14 female volunteer patients (aged
between 41 and 58 years), and the only criterion for entry into the study was the presence
of deep wrinkles. A progressive and significant improvement in skin relief can be observed
during treatment. In comparison to D0 (before treatment), after 1 day, 80 and 150 days,
subjects evaluated their satisfaction by giving scores on firmness and cutaneous relief by
using a scale of 0–4 for each criterion (0 = unsatisfactory; 4 = satisfactory). All patients were
satisfied with the treatment. The physical examination that patients underwent during the
follow-up was in line with the self-assessment. This study must be considered as being
very preliminary, with the aim to show that the technique proposed is safe and the results
consistent. Additional studies with more patients and a randomized structure are needed to
assess the benefit of this new method. In vitro and in silico study might also be performed
to clarify the mechanism of the interaction between biomaterials and cells contained in the
microfragmented adipose tissue. Nevertheless, this research provides a new opportunity
to study the combination between microfragmented adipose tissue and biomaterials in the
treatment of soft tissue defects [43].

5. Conclusions

This retrospective clinical evaluation study for the treatment of blemishes and dermal
regeneration through a suspension of progenitors with adult stem characteristics (ASC)
in a scaffold of cross-linked hyaluronic acid allowed us to evaluate the excellent results
obtained by the means of this method. This allows us to obtain beneficial effects on the
regulation of ECM, neocollagenogenesis, neoelastogenesis and neovasculogenesis. The
illustrated method opens a new therapeutic front, not only for the dermis, because it
combines the volumetric correction of crosslinked hyaluronic acid with the regenerative
one of vital adipose micrografts, to which the inflammatory component constituted by
fibrous shoots and cellular debris has been excluded. The processes are quick and provide
extreme satisfaction for both the doctor and the patient. We are sure that this new medical
practice can also be used for other pathologies, such as the osteo-articular. However, further
studies are necessary.
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5. Surowiecka, A.; Strużyna, J. Adipose-Derived Stem Cells for Facial Rejuvenation. J. Pers. Med. 2022, 12, 117. [CrossRef]
6. Martic, I.; Jansen-Dürr, P.; Cavinato, M. Effects of Air Pollution on Cellular Senescence and Skin Aging. Cells 2022, 11, 2220.

[CrossRef]
7. Wang, Y.; Wang, L.; Wen, X.; Hao, D.; Zhang, N.; He, G.; Jiang, X. NF-κB signaling in skin aging. Mech. Ageing Dev. 2019,

184, 111160. [CrossRef]
8. Kümper, M.; Steinkamp, J.; Zigrino, P. Metalloproteinases in dermal homeostasis. Am. J. Physiol. Physiol. 2022, 323, C1290–C1303.

[CrossRef]
9. Lynch, K.; Pei, M. Age associated communication between cells and matrix: A potential impact on stem cell-based tissue

regeneration strategies. Organogenesis 2014, 10, 289–298. [CrossRef]
10. Sethe, S.; Scutt, A.; Stolzing, A. Aging of mesenchymal stem cells. Ageing Res. Rev. 2006, 5, 91–116. [CrossRef]
11. Papaccio, F.; Paino, F.; Regad, T.; Papaccio, G.; Desiderio, V.; Tirino, V. Concise Review: Cancer Cells, Cancer Stem Cells, and

Mesenchymal Stem Cells: Influence in Cancer Development. Stem Cells Transl. Med. 2017, 6, 2115–2125. [CrossRef]
12. Kaul, A.; Short, W.D.; Keswani, S.G.; Wang, X. Immunologic Roles of Hyaluronan in Dermal Wound Healing. Biomolecules 2021,

11, 1234. [CrossRef]
13. Abatangelo, G.; Vindigni, V.; Avruscio, G.; Pandis, L.; Brun, P. Hyaluronic Acid: Redefining Its Role. Cells 2020, 9, 1743. [CrossRef]
14. Croce, M.; Dyne, K.; Boraldi, F.; Quaglino, D.; Cetta, G.; Tiozzo, R.; Ronchetti, I.P. Hyaluronan affects protein and collagen

synthesis by in vitro human skin fibroblasts. Tissue Cell 2001, 33, 326–331. [CrossRef]
15. Mildmay-White, A. Cell Surface Markers on Adipose-Derived Stem Cells: A Systematic Review. Curr. Stem Cell Res. Ther. 2017,

12, 484–492. [CrossRef]
16. Bayer, I.S. Hyaluronic Acid and Controlled Release: A Review. Molecules 2020, 25, 2649. [CrossRef]
17. Aya, K.L.; Stern, R. Hyaluronan in wound healing: Rediscovering a major player. Wound Repair Regen. 2014, 22, 579–593.

[CrossRef]
18. Hemmrich, K.; Van de Sijpe, K.; Rhodes, N.P.; Hunt, J.A.; Di Bartolo, C.; Pallua, N.; Blondeel, P.; von Heimburg, D. Autologous In

Vivo Adipose Tissue Engineering in Hyaluronan-Based Gels—A Pilot Study. J. Surg. Res. 2008, 144, 82–88. [CrossRef]
19. Svolacchia, F.; Svolacchia, L. Adipose tissue micrograft in a scaffold of plasma-gel combined with platelet-derived growth factors

in dermal wrinkle regeneration. Scr. Med. 2021, 52, 42–48. [CrossRef]
20. Svolacchia, F.; Svolacchia, L. Adult Mesenchymal Stem Cells (MSCa) derived from adipose tissue (ADSCa) in a scaffold of free

hyaluronic acid in the regeneration of periocular tissues. J. Appl. Cosmetol. 2019, 37.
21. Rusanov, A.L.; Biryukova, Y.K.; Shoshina, O.O.; Luzgina, E.D.; Luzgina, N.G. Activation of TLR4 of Mesenchymal Stem Cells

Enhances the Regenerative Properties of Their Secretomes. Bull. Exp. Biol. Med. 2021, 170, 544–549. [CrossRef]
22. Luo, L.; Lucas, R.M.; Liu, L.; Stow, L.J. Signalling, sorting and scaffolding adaptors for Toll-like receptors. J. Cell Sci. 2020,

133, 239194. [CrossRef]
23. Svolacchia, F.; Svolacchia, L. Use of microfiltered vs only disaggregated mesenchymal stem cells from adipose tissue in regenera-

tive medicine. Scr. Med. 2020, 51, 152–157. [CrossRef]
24. Bi, H.-S.; Zhang, C.; Nie, F.-F.; Pan, B.-L.; Xiao, E. Basic and Clinical Evidence of an Alternative Method to Produce Vivo Nanofat.

Chin. Med. J. 2018, 131, 588–593. [CrossRef]
25. Furno, D.L.; Tamburino, S.; Mannino, G.; Gilia, E.; Lombardo, G.A.G.; Tarico, M.S.; Vancheri, C.; Giuffrida, R.; Perrotta, R.E.

Nanofat 2.0: Experimental Evidence for a Fat Grafting Rich in Mesenchymal Stem Cells. Physiol. Res. 2017, 66, 663–671. [CrossRef]
26. Romieu-Mourez, R.; Francois, M.; Boivin, M.-N.; Bouchentouf, M.; Spaner, D.E.; Galipeau, J. Cytokine Modulation of TLR

Expression and Activation in Mesenchymal Stromal Cells Leads to a Proinflammatory Phenotype. J. Immunol. 2009, 182,
7963–7973. [CrossRef]

27. Tesar, B.M.; Goldstein, D.R. Toll-like receptors and their role in transplantation. Front. Biosci. 2007, 12, 4221–4238. [CrossRef]
28. DelaRosa, O.; Dalemans, W.; Lombardo, E. Toll-Like Receptors as Modulators of Mesenchymal Stem Cells. Front. Immunol. 2012,

3, 182. [CrossRef]
29. Zhao, X.; Liu, Y.; Jia, P.; Cheng, H.; Wang, C.; Chen, S.; Huang, H.; Han, Z.; Han, Z.-C.; Marycz, K.; et al. Chitosan hydrogel-loaded

MSC-derived extracellular vesicles promote skin rejuvenation by ameliorating the senescence of dermal fibroblasts. Stem Cell Res.
Ther. 2021, 12, 1–15. [CrossRef]

30. Svolacchia, F.; Svolacchia, L. A protocol of a new regenerative treatment of chrono-aging and photo-aging with progenitors cells
from adipose Micrograft obtained from MilliGraft® Kit. Acta Sci. Med. Sci. 2019, 3, 30–35.

31. Tonnard, P.; Verpaele, A.; Peeters, G.; Hamdi, M.; Cornelissen, M.; Declercq, H. Nanofat grafting: Basic research and clinical
applications. Plast. Reconstr. Surg. 2013, 132, 1017–1026. [CrossRef]

32. PROCEDURE: Milligraft n.d. Available online: https://www.milligraft.com/en-procedure/ (accessed on 6 November 2022).
33. Berardesca, E.; Distante, F.; Anthoine, P.; Rabbiosi, G.; Aubert, L. Clinical and instrumental evaluation of the activity of an

anti-wrinkle cosmetic product on cutaneous relief and photoaged skin. J. Appl. Cosmetol. 1997, 15, 69–75.
34. Sullivan, T.; Smith, J.; Kermode, J.; Mclver, E.; Courtemanche, D.J. Rating the Burn Scar. J. Burn Care Rehabil. 1990, 11, 256–260.

[CrossRef]

http://doi.org/10.3390/ijms23116135
http://doi.org/10.3390/jpm12010117
http://doi.org/10.3390/cells11142220
http://doi.org/10.1016/j.mad.2019.111160
http://doi.org/10.1152/ajpcell.00450.2021
http://doi.org/10.4161/15476278.2014.970089
http://doi.org/10.1016/j.arr.2005.10.001
http://doi.org/10.1002/sctm.17-0138
http://doi.org/10.3390/biom11081234
http://doi.org/10.3390/cells9071743
http://doi.org/10.1054/tice.2001.0180
http://doi.org/10.2174/1574888X11666160429122133
http://doi.org/10.3390/molecules25112649
http://doi.org/10.1111/wrr.12214
http://doi.org/10.1016/j.jss.2007.03.017
http://doi.org/10.5937/scriptamed52-30316
http://doi.org/10.1007/s10517-021-05103-9
http://doi.org/10.1242/jcs.239194
http://doi.org/10.5937/scriptamed51-24968
http://doi.org/10.4103/0366-6999.226074
http://doi.org/10.33549/physiolres.933451
http://doi.org/10.4049/jimmunol.0803864
http://doi.org/10.2741/2382
http://doi.org/10.3389/fimmu.2012.00182
http://doi.org/10.1186/s13287-021-02262-4
http://doi.org/10.1097/PRS.0b013e31829fe1b0
https://www.milligraft.com/en-procedure/
http://doi.org/10.1097/00004630-199005000-00014


Medicina 2022, 58, 1692 11 of 11

35. Tremolada, C.; Colombo, V.; Ventura, C. Adipose Tissue and Mesenchymal Stem Cells: State of the Art and Lipogems® Technology
Development. Curr. Stem Cell Rep. 2016, 2, 304–312. [CrossRef]

36. Cittadini, E.; Brucculeri, A.M.; Quartararo, F.; Vaglica, R.; Miceli, V.; Conaldi, P.G. Stem cell therapy in the treatment of organic
and dysfunctional endometrial pathology. Minerva Obstet. Gynecol. 2021, Online ahead of print. [CrossRef]

37. Carelli, S.; Messaggio, F.; Canazza, A.; Hebda, D.M.; Caremoli, F.; Latorre, E.; Grimoldi, M.G.; Colli, M.; Bulfamante, G.;
Tremolada, C.; et al. Characteristics and Properties of Mesenchymal Stem Cells Derived from Microfragmented Adipose Tissue.
Cell Transplant. 2015, 24, 1233–1252. [CrossRef]

38. Nava, S.; Sordi, V.; Pascucci, L.; Tremolada, C.; Ciusani, E.; Zeira, O.; Cadei, M.; Soldati, G.; Pessina, A.; Parati, E.; et al.
Long-Lasting Anti-Inflammatory Activity of Human Microfragmented Adipose Tissue. Stem Cells Int. 2019, 2019, 5901479.
[CrossRef]

39. Han, C.; Weng, X.S.; Cui, Y. Microfragmented adipose tissue and its initial application in articular disease. Chin. Med. J. 2019, 132,
2745–2748. [CrossRef]

40. Sembronio, S.; Tel, A.; Tremolada, C.; Lazzarotto, A.; Isola, M.; Robiony, M. Temporomandibular Joint Arthrocentesis and
Microfragmented Adipose Tissue Injection for the Treatment of Internal Derangement and Osteoarthritis: A Randomized Clinical
Trial. J. Oral Maxillofac. Surg. 2021, 79, 1447–1456. [CrossRef]

41. Laureti, S.; Gionchetti, P.; Cappelli, A.; Vittori, L.; Contedini, F.; Rizzello, F.; Golfieri, R.; Campieri, M.; Poggioli, G. Refractory
Complex Crohn’s Perianal Fistulas: A Role for Autologous Microfragmented Adipose Tissue Injection. Inflamm. Bowel Dis. 2020,
26, 321–330. [CrossRef]

42. Suh, A.; Pham, A.; Cress, M.J.; Pincelli, T.; TerKonda, S.P.; Bruce, A.J.; Zubair, A.C.; Wolfram, J.; Shapiro, S.A. Adipose-derived
cellular and cell-derived regenerative therapies in dermatology and aesthetic rejuvenation. Ageing Res. Rev. 2019, 54, 100933.
[CrossRef]

43. Jamari, J.; Ammarullah, M.I.; Santoso, G.; Sugiharto, S.; Supriyono, T.; van der Heide, E. In Silico Contact Pressure of Metal-on-
Metal Total Hip Implant with Different Materials Subjected to Gait Loading. Metals 2022, 12, 1241. [CrossRef]

http://doi.org/10.1007/s40778-016-0053-5
http://doi.org/10.23736/s2724-606x.21.04919-8
http://doi.org/10.3727/096368914X681603
http://doi.org/10.1155/2019/5901479
http://doi.org/10.1097/CM9.0000000000000518
http://doi.org/10.1016/j.joms.2021.01.038
http://doi.org/10.1093/ibd/izz051
http://doi.org/10.1016/j.arr.2019.100933
http://doi.org/10.3390/met12081241

	Introduction 
	Patients and Materials 
	Exclusion Criteria 
	Procedure 
	Detailed Procedure 
	Follow-Ups 

	Results 
	Discussion 
	Conclusions 
	References

