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Abstract
Background Since the early days of molecular biology, organ and tissue regeneration represents a challenging medical goal.
However, only recently the advances in the understanding of the cellular components have enabled the promise to become a
reality. In this vast panorama of new technologies, stem cells have progressively established themselves as the most effective and
user-friendly regenerative therapeutic tool.
Methods Scientific meetings, workshops, conferences, and forums focused on translational science of regenerative technologies
are today blooming all over the world. The audience questions and, even more, the very often controversial and conflicting
explanations highlight the great deal of confusion regarding this new discipline that should be considered today a real indepen-
dent medical specialty, requiring long-term studies and dedication.
Results All the technologies able to separate and concentrate the adipose tissue (AT) and the stromal vascular fraction (SVF) and
their related clinical applications need to comply with a complex but still unclear regulatory frame, becoming everyday more
severe and restrictive, this limiting their practical use.
Conclusions The aim of this manuscript is to overview the current status of the regulatory frame and few related ethical
considerations and to describe the evolution in the way the adipose-derived stromal vascular fraction (SVF) is isolated,
extracted, and concentrated, as well as, of the ongoing researches and related future perspectives. Considerations on the
most controversial and still unclear points related to the regenerative medicine and surgery, seen from the perspective of
a research group who dedicated their entire professional life to this field, are also provided. Level of evidence: Level V,
therapeutic study.
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Introduction

Since the early days of molecular biology, organ and tissue
regeneration represents a challenging medical goal. However,

the scientific progress is only recently starting to realize the
hypotheses advanced. As technology and research have im-
proved, the use of regenerative therapies to address different
medical challenging situations and diseases has significantly
increased.

The regenerative techniques, which have appeared
and consolidated in recent years thanks to the contribu-
tion of numerous international studies and research pro-
tocols supported by a consistent and elegant bibliogra-
phy, are essentially based on the use of stem cells, tis-
sue engineering, cell reprogramming, and genetic thera-
py. These new therapeutic lines, originating from the
correlation between the results of molecular biology
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and bioengineering research and their practical and clin-
ical applications, can often be synergistically combined
in strict compliance with the fundamental criteria of
translational medicine, which provides for a close cor-
relation between research, clinics, and industry.

In this vast panorama of new technologies, stem cells have
progressively established themselves as the most effective and
user-friendly regenerative therapeutic tool.

In an initial phase, the focus of the research was mainly on
embryonic stem cells, of undoubted therapeutic effectiveness
but unfortunately burdened by the well-known ethical and
legislative implications that have in fact limited their use.

At the end of the 1980s, however, research was fortunately
able to demonstrate the existence of adult stem cells of mes-
enchymal origin identified by the acronymMSCs (mesenchy-
mal stem cells), which have demonstrated a great ability to
repair and regenerate damaged tissues.

The initial discovery of this new type of stem cell in 1987
began a frantic research activity that allowed isolating MSCs
from various types of adult tissues, such as the bone marrow,
umbilical cord blood, placenta, amniotic fluid, synovial fluid,
periosteum, and, more recently, adipose tissue.

At the present day, the role of the adipose tissue is
widely accepted, acting not only as energetic depot but
also as real and well-organized organ rich in mesenchy-
mal stem cell (MSC) precursors. MSCs can differentiate
and self-replicate to repair damaged tissue and organs
via a paracrine activity, by utilizing a variety of known
and yet unspecified proteins and peptides. They are cru-
cial in the transfer of exosomes or microvesicles con-
taining mRNA and other signaling molecules and direct
transfer of mitochondria.

Adipose tissue physiology
and pathophysiology

One point still at the origin of great confusion regards the
existing difference between a simple whole adipose tissue
transfer (WATT) and a real regenerative procedure (RRP).
Whereas the first method is mainly used for volumetric re-
placements, the second approach is able to repair and regen-
erate damaged tissues and organs.

In the first case, the harvested fat is simply re-
implanted after little to no manipulation. This procedure
is limited to a quick cycle of washing and decantation,
as in old-style lipofilling [1, 2] or, in the best scenario,
after a low-speed centrifugation, as in lipostructure [3,
4]. Conversely, to obtain a strong regenerative effect,
the AT needs to undergo the second specific engineering
approach able to separate, extract, and concentrate the
stromal vascular fraction (SVF) containing extracellular
matr ix (ECM), mesenchymal s tem cel l (MSC)

precursors, pericytes (assumed to be MSCs), a signifi-
cant pool of specific and unspecific growth factors
(GFs), bioactive proteins, hormones, exosomes, and oth-
er microvesicles. As a matter of fact, all these funda-
mental components of the AT were almost unknown
until very recently.

Curiously, after that Wells [5] introduced in 1940 the ca-
pacity of the adipose tissue to act not only as energetic depot
but also as a real adipose organ (AO), nothing of really inno-
vative was published for over 60 years. Only at the beginning
of the third millennium, a new interest in this line of research
arose and in less than 10 years, we assisted to a real blooming
of new revolutionary studies.

In 2000, Cinti [6] was the first to identify two dif-
ferent components in the AO: the white adipose tissue
(WAT) and the brown adipose tissue (BAT), with two
totally different metabolic networks and receptorial path-
ways. Meanwhile, the studies on AT pathophysiology of
Lafontan [7] were subverting the traditional concept of
cellularity. Until this moment, the concept was assessed
“a posteriori” by considering the size and number of
non-proliferating adipocytes, which do not proliferate
in the post-natal life, and not considering precursors
and progenitors, which instead can proliferate and dif-
ferentiate. These precursors stay as “sleeping precur-
sors” in a quiescent status in the AT niche for the life-
time until a specific metabolic or mechanic switch turns
them from the quiescent status to the activated one, able
to proliferate and differentiate. At the same time, Caplan
[8–10] opened in 1989 a new pathway for tissue and
organ repair to a new line of researches on regenerative
technologies, by identifying and describing adult MSCs.
Among the first consequences of these works, we recall
the change in the scientific terminology of the term
“autologous collagen,” until then considered compound
layer of collagen and fibrous tissue from lipocyte cell
walls. Due to the heterogeneous composition of the cel-
lular layer, the term was considered obsolete and reduc-
tive and was replaced by the compound term “stromal
vascular fraction.”

The early studies on MSCs were mainly focused on their
isolation, expansion, and characterization in vitro. Great ef-
forts were dedicated for identifying and localizing this popu-
lation of new cells in situ.

Mesenchymal cells have then been observed in
perivascular locations in almost every blood vessel in the
body, on both arterial and venous nets. These cells, called
pericytes for convenience, are in intimate contact with the
basement membrane and surrounding endothelial cells of the
microvascular net, from precapillary to small venules, and
retain the expression of some specific pericyte markers, such
as NG2b and CD146, that are identical to those expressed by
isolated MSCs [11].
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During localized injury, MSCs are released from the
perivascular location, become activated by secreting bio-
active molecules, and regulate the local immune re-
sponse, establishing a following regenerative microenvi-
ronment. These and other observations allowed Caplan
to speculate by considering all the MSCs as pericytes
and opening new physiological and therapeutical per-
spectives, visualizing the role of MSCs acting as
in vivo site-regulated “drugstores” [12]. However, until
that moment, all the works conducted on adult stem
cells (ASCs) were mainly focused on MSCs, derived
from the bone marrow and from few other sources such
as blood, the umbilical cord, and placental stroma, with-
out considering that not only the bone marrow, but also
the AT originate from the embryonic mesenchyme and
contains an SVF full of MSC precursors which can be
easily separated and extracted.

Focusing its attention on the implicit potential of this
embryogenic evidence, in 2002, Zuk [13] identified the
SVF of the human AT as a great source of undifferen-
tiated multipotent MSCs, similar and more abundant
compared with the bone marrow. These cells presented
a great potential of spontaneous differentiation into the
adipogenic, chondrogenic, and osteogenic lineages, all
originated from the mesenchymal mesodermal layer.
This has been the beginning of a new era in the way
to harvest, treat, and use the AT: for the first time the
adult mature adipocyte (AMA) was no more in the high
spot of the stage and the term “autologous collagen”
was becoming out of date. Progressively, a new star
was taking its place: the stromal vascular fraction, a
very heterogeneous mixture of extracellular matrix
(ECM) and cells including erythrocytes, lymphocytes,
fibroblasts, monocytes, macrophages, endothelial cells,
and pericytes, representing an ideal source to isolate
MSCs for tissue regeneration.

Since that moment, a consistent and elegant literature on
this topic has been produced by many excellent colleagues
including among others the following: Aust [14], von
Heimburg [15], Yoshimura [16, 17], Rubin [18], Rigotti
[19], and Zocchi [20–23].

The new revolutionary concepts merging from this consistent
line of research totally subverted the way to approach, treat, and
use the AT: not only as a natural filler for volumetric replacement
but also as an excellent source, maybe the best, of regenerative
components. This principle should always be used as guideline
whenever it is planned and realized a fat derivate transfer.

Regulatory overview

Another important and often neglected aspect that gen-
erates concerns is the almost total lack of knowledge or,

even worst, the indifference to the regulatory framework
concerning the use of these new technologies. Scientists
and medical professionals have the moral obligation to
fully understand and comply with the existing laws be-
fore approaching any type of these new procedures.

The current status of the regulatory guidelines of re-
generative technologies is fairly standard in most devel-
oped countries and, more or less, pattered on the
American guidelines. Early exceptions are represented
by Malaysia, Japan, Vietnam, Cambodia, Thailand,
Germany, Switzerland, San Marino, and few others.
After attracting unwanted charlatans eager to take ad-
vantage of their regulatory oversight, these countries
have begun to re-evaluate their laissez-faire approach
to regulations. In the USA, cellular therapies are cur-
rently regulated by the Food and Drug Administration
(FDA), the Office of Cellular, Tissue, and Gene
Therapies (OCTGT) within the FDA Center for
Biologics Evaluation and Research (CBER).

Since the time the author was involved in this field of
research, many changes are continuing to occur to the
regulatory and compliance guidelines and are continuing
to evolve over the time and thus still are not sufficiently
clear. What is a clear is that a regulatory framework must
exist if there is to be an organized, methodical, and sci-
entifically based approach to ensure the safe and effective
application of these new and exciting technologies.
Physician scientists should be at the forefront of and lead-
ing these discussions with lawmakers and regulatory or-
ganizations and should take on part of the burden in po-
licing rouge physicians and industries that fail to adhere
to accepted standards.

At the very beginning and for a long time, there
were very little FDA guidelines, except for the
Section 361 of the Public Health Service (PHS) Act.
This document was intended to be an inspectional tool
to assist FDA investigators in distinguishing between
the human cells, tissues, and cellular- and tissue-based
products (HCT/Ps), commonly known as 361 products,
that are regulated by the Center for Devices and
Radiological Health (CDRH) as simple medical devices
and those that are regulated by the Center for Biologics
Evaluation and Research (CBER) as drugs and biologi-
cal products, commonly known as 351 products.

In the Section 361 of the PHS Act is also outlined
the basic concepts relied to the HTC products of homol-
ogous, autologous, same-day procedure, operating room
(OR) facility, time frame. This is with the intent of
drawing a precise dividing line between the limits of
minimal-grade manipulation (MGM) and high-grade ma-
nipulation (HGM). Among the techniques listed as
MGM, we can find decantation, filtration, centrifuga-
tion, mechanical disruption, enzymatic digestion, and
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few others, but only if the tissue is harvested, treated,
and re-implanted during the same surgical session and
inside the same operating room.

Among the HGM techniques, we can find character-
ization, expansion, cultivation, and all the other comple-
mentary laboratory techniques routinely used for cell
manipulation. In this category should also fall all the
above-listed MGM techniques whenever used outside
the OR or in subsequent time.

Practically speaking, whatever can be obtained with a tech-
nique staying within the limits of MGM should be considered
361 Products and therefore allowed and exempted from
Section 351 of the PHS Act. This grouping includes all the
products that FDA has determined as not meeting the above-
listed criteria and are regulated as drugs and/or biological
products.

The use of all these cell derivates is not allowed in
private practice and outside of strict protocols approved
and supervised by ethic committees. This definition al-
though on the surface apparently clear has been the
origin of many ongoing problems related to its practical
interpretation and enforcement as these simple defini-
tions fail to consider the complexity that is medicine
and biology.

Under the constant pressure of manufacturers, media,
and, last but not least, scientists, FDA has tried many
times to clarify and amend the Section 361 of the PHS
Act, unfortunately minimal success and a worsening of
the sense of confusion. Likely this concern over the
increasing difficulty in interpreting and enforcing such
unclear rules as well as the immediate need to place
some degree of control on a rapidly expanding and un-
regulated stem cell industry, the FDA recently decided
that it was quicker and easier to take the determination
that all the autologous adipose-derived stem cell proce-
dures and anything implying the use of MSCs should
fall under the Section 351 of the PHS Act.

As a consequence of this unenlightened decision, all
these 351 products require clinical trials to demonstrate
their safety and efficacy in a process that is nearly iden-
tical to that required for pharmaceutical products to enter
the marketplace.

The situation is comparable (but not exactly the
same) to the one existing between an injectable dermal
filler and a drug. The first one is considered a medical
device and can hit the market very easily and with
minimal or none clinical trials; the second one requires
long and very expensive clinical trials, compliance with
a burden of limitations, and an endless number of
checks and approvals. There is no reasonable or cost-
effective way to further studies or to have any hope of
eventually proving clinical indications if even autolo-
gous adipose SVF is to be defined as a drug.

Fortunately, this FDA resolution has currently not yet
been adopted by regulatory agencies in other countries;
however, there is the consistent risk that sooner or later
they will adopt a similar approach.

On the top of these already very restrictive rules, AT
derivates for clinical applications need to fulfill addi-
tional specific requirements according to current good
manufacturing practice (cGMP) compared with those
used for research applications and involve the use of
certified and validated instruments and components.
Moreover, in case of ASC enzymatic digestion, few ad-
ditional points have to be considered.

The AT has to be harvested by a validated procedure
in a certified facility. This means that, in addition to
applied standard surgery room requirements, the physi-
cian’s rooms also need to be checked for suitability. All
the equipment needs to be certified, and medical and
nursing personnel have to receive appropriate training.
To avoid contamination, the graft needs to be stored and
kept in a closed sterile container, with suitable temper-
ature maintenance and monitoring. The guidelines are
set by the regulatory agencies in each individual country
and are finalized to ensure the highest possible patients’
safety [22].

Faced with this complex and foggy legislative struc-
ture, a considerable laxity in the enforcement of the
rules can be found. This is due either to a lack of
regulatory enforcement, manpower, like in the USA, or
to a certain degree of laxity in pursuing the infringe-
ment it is observed in other countries, mainly in Central
and South America and in the Eastern Europe. The only
exception is probably the European Community where,
even if the regulatory main frame is obsolete (mostly
dating from 2007), a great diligence in enforcing such
regulation is usually found. The difference is probably
due to the fact that in many European countries, there is
an overlapping of spheres of competence between the
various public bodies and police forces, this resulting
in a redundancy of manpower for focusing on the en-
forcement of the rules.

Ethical concerns

As a consequence of this chaotic regulatory situation,
several medical specialists (e.g., general practitioners,
dentists, anesthesiologists, osteopaths), most of the time
without an appropriate surgical training, are dangerously
ignoring existing rules. Currently, there are probably
thousands of doctors, clinics, or institutes in the USA,
in South America, in the Far East, and in East Europe
actively promoting “stem cell procedures” with MSCs,
BMAC treatments, amniotic products (which are not
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actually “living cells” but only HGF), and cord blood–
derived cells. Many of these doctors or entities are par-
ticipating in “dubious” Institutional Review Board (IRB)
studies promoted by commercial companies relying on
“scientific networks” of practitioners participating in
these so called safety studies. Meanwhile, commercial
companies, often under the umbrella of newly born
“Scientific Societies” bearing fancy and bombastic
names, organize and sell “low-level” instructional
courses of 1 or 2 days for training doctors, nurses,
and office managers in order to “certify” them not only
in how to use the equipment but also in how to perform
the surgical procedures. This “intensive training” allows
participants to choose the necessary equipment to pre-
pare bioderivates and to build their own hands-on expe-
rience at the expense of the health of their patients,
often without a consistent clinical result and leading,
sometimes, to true disasters. Recently in the USA, a
77-year-old lady went blind after the injection of a
“magic cocktail” of stem cells in the anterior chamber
of her eyes to treat her macular degeneration.

It is very disappointing to see how many of these doctors
are eager to embrace this new expanding line of therapies only
as a marketing tool without really knowing much behind the
science of what they are doing. A great number are ap-
proaching this new medical field pushed by media and indus-
try for promotional and commercial reasons only, using false
and unethical claims in their aggressive advertising just
looking to make quick money by “cashing in” on unproven
procedures not being dependent upon medical insurance
reimbursement.

This explosion of “stem cell” clinics and centers or insti-
tutes all over the world is now reaching critical levels, and
every day the number of “colleagues” promoting PRP or am-
niotic derivates as “miraculous stem cell therapies” for
treating everything from back pain to erectile dysfunction is
increasing.

Because of this situation, not only the medical practitioners
but also the patients are often confusing what is legitimate and
what is not. Unfortunately, the fall out of this situation is
jeopardizing the overall reputation of this whole field of re-
search. Those colleagues, eager to jump on this running train,

should be warned about the huge potential risks related to all
these new procedures, especially when performed without the
appropriate training and in a total lack of scientific knowledge.
This chaotic situation is unfortunately existing for every as-
pect of the regenerative procedures starting from the most
basic and common component: the platelet-rich plasma com-
monly known as PRP.

A consistent literature demonstrates that platelets play a
fundamental role in hemostasis and are a natural source of
growth factors including platelet-derived growth factor
(PDGF), insulin growth factor (IGF), vascular endothelial
growth factor (VEGF), platelet-derived angiogenic factor
(PDAF), and transforming growth factor beta (TGF-β)
(Table 1). The release of growth factors is triggered by the
activation of platelets and initiated by different substances
such as thrombin, calcium chloride, and collagen.

The GFs are involved in key stages of wound healing
and regenerative processes including chemotaxis, prolif-
eration, differentiation, and angiogenesis. According to
the definition of PRP, it is supposed that these growth
factors are at high concentrations in the PRP. In addi-
tion to growth factors (GFs), platelets release different
substances (e.g., fibronectin, vitronectin, sphingosine 1-
phosphate), extremely important in wound healing. An
advantage of PRP in respect to using single recombinant
human growth factor delivery is the release of multiple
growth factors and differentiation factors upon platelet
activation [24, 25]. Most of the doctors decide to ap-
proach this new therapeutic field to boost their practice
and having little or no knowledge at all of the science
behind it. Many of these tools are “push button ma-
chines” supported by economic and “ready-to-use” kits.
What most of these doctors know about PRP is where
to buy the tools, how to open the kit, and where the
“on” button must be pressed. Many of these tools man-
ufacturers have misloaded the doctors selling them the
PRP as a stem cell procedure, increasing consequently
the marketing hype and worsening consumer confusion.

Regrettably, once a doctor makes an investment in a
specific automated machine that produces a specific PRP
type, is all he or she usually has to use not even taking
into consideration that are existing many different types of

Table 1 Growth factors are involved in key stages of wound healing and regenerative processes

Platelet-derived growth factors

PDGF (platelet-derived growth factor) Cell growth, regeneration and repair of blood vessels, collagen production

TGFB (transforming growth factor beta) Growth and neogenesis of epithelial and vascular endothelial cells, promotion of wound healing

VEGF (vascular endothelial growth factor) Growth and regeneration of vascular endothelial cells

FGF (fibroblast growth factor) Tissue repair, cell growth, collagen production, and hyaluronic acid production

EGF (epithelial growth factor) Promotion of epithelial cell growth, angiogenesis, promotion of wound healing
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PRP each one offering different features, different concen-
trations of GF, and different therapeutic actions for differ-
ent clinical applications.

Unfortunately, most of the doctors are still using red
PRP, cheaper and easier to be obtained, often with some
fancy artisanal techniques, without considering that its
great charge of white cells is inducing a huge cytokine
activation resulting in additional inflammatory response.
This is higher interfering with the regenerative action
and often voiding advantages and benefits and helping
to feed the false idea that “PRP often fail”. Yellow PRP
(YPRP), lower concentration amber PRP (LCAPRP),
high-concentration amber PRP (HCAPRP), plasma rich
in GF (PRGF), and platelet lysate (PL) are offering a
higher concentration of specific and unspecific GF
(from 20 to 45% more) and less side effects and risk
of complications.

The PL, for example, seems to offer an immediate
release of the GF and an important anti-inflammatory
action and therefore is particularly suitable to be added
to freshly insulated SVF whenever is required to use a
higher concentration of regenerative components in a
very small volume, like for treating hip and shoulder
joints, enthesis, and vocal cords. At present, just few
automated and very expensive machines can produce
this type of PRP, so its clinical use is still less common.
This is a real shame because the PRP, if correctly used
with the appropriate indication, can be a very powerful
tool in regenerative medicine, especially in combination
with other bioderivates, as better described in the final
part of this article. Unfortunately, still few physicians
possess the scientific knowledge and technical expertise
to understand and master regenerative procedures in or-
der to safely and effectively approach this challenging
discipline.

Everyone coming from a practical surgical field with-
out a solid background in molecular biology, including
the author, has to accept to humbly bend the head and
dedicate a lot of time and energy to build a basic un-
derstanding of the scientific rational behind these new
technologies and every new related commercial propos-
al. Fortunately, an ever-increasing number of surgeons
are performing regenerative procedures with seriousness
and dedication, following the most updated protocols in
“state-of-the art” facilities with excellent results, strictly
remaining within the existing legal limits in a total re-
spect of patient’s safety and ethic.

Authors’ approach to SVF

These preliminary considerations on the most relevant le-
gal and ethical concerns are crucial for a better

understanding of the technical aspects related to AT ma-
nipulation. Due to the existing situation in the daily prac-
tice, it is very difficult to find a compromise between the
ideal technical solution and the current legal limits.
Hereafter, the authors wil l summarize his their
experience-based point of view after executing a countless
number of tests, trials, experiments, successes, and fail-
ures, without any ambition to state universal guidelines or
dogmas.

The authors’ group is working with the AT as a med-
ical treatment for more than 30 years. By removing the
AT in excess, they developed a new revolutionary body-
contouring technique based on ultrasonic energy, in order
to safely remove up to 30 l of AT in a single surgical
session (ultrasonic-assisted lipoplasty (UAL)) [26–28].
Engineering the AT for separation and extracting its no-
ble extracellular components had been in the authors’
mind since a long time, even before the first publications
of Cinti [6] and Lafontan [7] regarding the new concepts
of AT pathophysiology and AT cellularity. At the time,
authors considered the middle layer as the most interest-
ing and with a high-density ECM cellular emulsion.
Curiously, the authors employed almost 15 years to un-
derstand that the most important fraction rich in MSC
precursors was in the lowest layer of the syringe
(Fig. 1a, b). After a deep investigation of the physical
principles and the effect of the US energy on biological
tissues [29], in 1988, the author’s group developed and
presented their personal technique at many international
meetings. They presented and published the related pat-
ented instruments (Fig. 2a, b), including the very first
manual surgical centrifuge for fat ever designed, able to
insulate, extract, and concentrate the autologous collagen
(the previous denomination of the SVF) from the adipose
tissue for facial rejuvenation [20, 21, 30] (Fig. 3a, b).

By successfully using this technique on hundreds of
patients, it has been possible to detect and appreciate,
on the top of the volumetric persistence, also a consis-
tent improvement of skin texture and elasticity.
Considering the AT a powerful regenerative agent, our
group started to fully dedicate his activity by investigat-
ing the AT physiology and cellularity, in order to devel-
op new techniques and protocols able to separate and
extract the regenerative components.

In July 2006, at the ISAPS International Congress in Rio de
Janeiro, authors were the first to present his studies on adipose
tissue–derived stem cells and a 4-year follow-up on its clinical
applications for breast reconstruction and facial rejuvenation
[31]. Until that moment, the overall understanding of the im-
portance of the SVF, the AT, and related intrinsic components
was, among plastic surgeons, still very poor. The authors’
conference arose a long and heated debate but also positive
and constructive comments [20].
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Since that time, the authors’ group dedicated a great
deal of energy and resources to constantly improve the
technique for extracting, separating, and concentrating
the SVF from AT in the aim of increasing patients’
safety and results.

Hereafter, a short compendium about the Authors evolu-
tion. The first technical step is to treat the freshly harvest AT
with a process of lipocondensation [23].

Lipocondensation

Lipocondensation separates and removes the oily con-
tents from the AT through an in vitro preliminary treat-
ment (before the re-implantation) of the adult mature
adipocytes with low survival rates (TGs—80% of its
total volume) (Fig. 4) preserving SVF integrity and vi-
ability. Subsequently, the harvested decanted fat is trans-
ferred in fat processing units (FPU) for the condensation

phase. The FPU are then placed in a special machine
named as Lipokit (Medi-Khan, Seoul, Korea). Here they
undergo to a cycle of high-speed centrifugation (2500g)
for 9 min. Due to centrifugal force, the metal plunger of
the FPU, weighting 32 g, applies a pressure of 120 kg/
cm2 on the fat’s surface. Under this high mechanical
stress, the larger portion of adult adipocytes is destroyed
and the oily content (TGs) deposits in the upper part of
the FPU, totally separated from the other components
by the plunger (Fig. 5a–c).

After the condensation process, 60 cm3 of already
decanted fat is reduced to less than 30 cm3. While adult
mature adipocytes are destroyed, SVF integrity is totally
preserved. At this point, the SVF must be separated and
extracted from the condensed fat. For many years, the
author’s group was treating the condensed fat exploiting
the enzymatic digestion with collagenase. The handling
protocols and the different washing cycles have been

Fig. 2 a, b In 1988, the authors
developed the very first manual
surgical centrifuge for fat ever
designed, able to insulate, extract,
and concentrate the autologous
collagen (the previous
denomination of the SVF) from
the adipose tissue

Fig. 1 a, b The most important
fraction rich in MSC precursors is
in the lowest layer of the syringe
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constantly improved (from just one cycle with Ringer’s
lactate in the first phase of his experience up to four
cycles with Ringer, AB, and Warton solution at the end)
to get a final product theoretically free from any rem-
nant enzymatic content. Spectrophotometric, fluoromet-
ric, and chemiluminescence assays can randomly test
the residual enzymatic activity by assessing the quantity
of active enzyme in the processed tissue. Very few
groups can count on the cooperation of an in-house
enzymologist for conducting those tests in total safety.
Therefore, the current data are still controversial and
discontinuous.

In addition, even the use of collagenase in the oper-
ating room is controversial: its borderline situation re-
garding laws and regulations, the difficult manipulation,
its potential (but never confirmed) mutagenic activity,
and its high costs are important issues that need to be
considered. The only reason, and seldomly an advan-
tage, of using collagenase is represented by its intrinsic
ability to break down the AT to the single adipocyte.
This result cannot be reached by any of the different
mechanical devices present on the market today able
to generate cell clusters only. It is important to highlight
that there is not a strict scientific correspondence

Fig. 3 a, b In 1988, the author’s group presented and published a novel technique to extract and concentrate the autologous collagen (today known as
SVF) and the related patented instruments

Fig. 4 In the adult mature
adipocyte, 90% of its volume is a
fluid fraction made mainly by
triacylglycerols (TGs), while its
cellular and extracellular
components can represent no
more than 8–10%
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between the isolation methods and the dimensional sub-
division of the different cell clusters. Names like
millifat, microfat, nanofat, and recently picofat are only
labels used for commercial strategies without any scien-
tific rational.

For all the above reasons even in a lack of precise
laws, since March 2014, the authors stopped the use of
collagenase in the operating room. The authors tried every
possible technical tool to continue to insulate and conden-
sate the SVF from the adipose tissue. The main point was
to elaborate a technique able to preserve and respect the
SVF integrity and vitality still remaining within the limits
of an MGM. Alternative enzymatic approaches with tryp-
sin and lecithin were first tried with little advantage in the
manipulation and without consistent benefits.

Afterwards, authors tried different means with modest re-
sults to mechanically disrupt the AT with choppers, emulsi-
fiers, bead crushers, disruptors, infrared and led light, and
shock waves. In June 2015, after a long experimentation and
using his long-term and extensive experience on the ultrasonic
energy for body contouring, authors started to use a closed and
sealed process of sonication to emulsify the adipose tissue
in vitro.

Fig. 5 a, bAfter the condensation
process, 60 cm3 of already
decanted fat is reduced to less
than 30 cm3. Adult mature
adipocytes are destroyed while
stromal vascular fraction (SVF) is
preserved. The tissue is now
ready for re-implantation. c
Triacylglycerols (TGs) are
collected in the upper layer and
easily discarded

Fig. 6 a, bUsing a special titanium probe, the condensed fat is emulsified
inside the same FPU with ultrasonic energy (30 s every 60 cm3) in order
to disrupt any remnant adult adipocytes still preserving the stromal
vascular fraction integrity and vitality
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AT sonication

The instrumentation and the protocols used in the past
for ultrasonic-assisted lipoplasty were modified to adapt
them to the new technical needs. Using a special titani-
um probe, the condensed fat has to be emulsified inside
the same FPU with ultrasonic energy (30 s every
60 cm3) in order to disrupt any remnant adult adipo-
cytes, preserving the stromal vascular fraction integrity
and vitality.

Then, the separation of the SVF from all the other
cellular debris is obtained by a low-speed centrifugation
(2 min at 1000 rpm or 1300 g850g) (Fig. 6a, b). At the
end of the process, the SVF deposits in the lower part of
the FPU (red pellet) and can be carefully removed with a
micropipette. This fraction represents no more than 3% of
the total volume of the processed fat. It must be weighed
that also the sonication process allows obtaining only
microclusters of cells and no breakdown to the AT to
the single cell. Consequentially, the cell sorting of the
treated tissue after expansion and cultivation can result
15–20% poorer. This technique is rapid, efficient, and
reliable and if well performed is ensuring the preservation
of the SVF integrity and vitality (Table 2). The only neg-
ative aspect is the necessity to have an expensive setup
not easy to be found in all medical facilities and an ultra-
sonic generator specially adapted to this specific applica-
tion and approved for surgical use (class 2A).

This is certainly a limit to its routine use besides those
doctors with high-end practices where costs of the surgical
equipment are not a major concern.

Any surgical technique should respect the well-
known “FRT Gold Principle” (feasible, repeatable,
teachable) and if it is too expensive to be universally
used is not falling in this category. Therefore, authors
are still evaluating and testing easier and more afford-
able systems in cooperation with labs and industries for
merging with new consistent alternatives. At present, it
is possible to find in the market more than 30 licensed
and registered systems able to insulate and separate the
SVF from the AT. This at least is the producers’ claim

often not supported by consistent data. Nineteen of
them are enzymatic-based systems: while seventeen are
using collagenase or collagenase as agents, two of them
use trypsin and lecithin. On the other hand, there are
twelve non-enzymatic-based systems using mechanical
means and different mechanical forces. Unfortunately,
not all the systems are closed systems, which should
be a basic prerequisite for ensuring a sterile insulation
of the derivates unless performed in a clean-room facil-
ity which, theoretically, is not falling in the MGM
criteria. Probably the best ever published article on this
topic, by Oberbauer [32], was analyzing in detail many
of these systems, both enzymatic and mechanic, offering
an excellent synthesis of the existing situation. Each
method or system presents different advantages and dis-
advantages, and probably, the ideal solution has not
been found yet.

Many groups are today working on the same line of
research a great step forwards have been recently done
with the manual microfragmentation of the AT with
microblades.

Microlyzers: a new non-enzymatic SVF insulation
technique

To date, still remaining within the frame of freshly isolated
SVF, we have been able to obtain very promising results by
using a technique of microfragmentation with a new system
using special sharpened edge microblades with honeycomb
design (Microlyzers from T-Lab) (Fig. 7a–d).

Microlyzers are closed filtration systems used for the
microfragmentation of adipose tissue. The cartridge has 2
female-to-female luer-lock adapters to connect two 10-cm3

syringes for adipose tissue transfer and can be used with
blades of different sizes, 2400, 1200, and 600 μm. The tissue
is manually transferred back and forth between syringes from
3 to 5 times. The blades must be used in the order from largest
to smallest size until the desired consistency and viscosity are
achieved.

We first conducted experimental studies in vitro to check
cell counts and vitality of the biomaterial obtained.

Table 2 Comparison of features
and benefits of mechanic and
enzymatic techniques for SVF
separation

Sonication Enzymatic
Direct ultrasonic cavitation Collagenase enzyme

0.5–1 million cells per gram of AT 0.4–0.5 million cells per gram of AT

5–15% dead cells 15–30% dead cells

Preserves ECM Digests ECM

Less AT required (less surgery time) More AT required (more surgery time)

Clean and free from any bioderivates Animal- or bacterial-derived product

Cost of disposables approx. $50 Cost of disposables more than $1000

Processing time less than 40 min Processing time more than 120 min
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From April 2018 to June 2019, we performed more than
200 tests on AT samples harvested from different body areas.

We compared 3 different types of protocols using
microlyzation alone or associated to vibration and/or shaking
and testing the components with conical and tubing
approaches.

The tubing approach led us to have similar results around
2.7–2.8 million/ml of nucleated cells using a Luna-Stem coun-
ter from South Korea. Dilution factor was set at 1.11 due to
sampling material (18 ml) and dye (2 ml) ratios for cell
counting, and the viability data has been determined to be
close to 90% in all samples.

The pellet formation, as expected, showed a higher count
even in re-suspended milieu, respectively 5.5 million and 7.92
million of nucleated cells per milliliter.

With the characterization studies conducted with flow
cytofluorometry on freshly insulated samples, 3.8% of
CD90- and CD105-positive cells (mesenchymal cells) have
been found.

We also conducted some test of expansion and cultivation
of the obtained material, and the cell population showed high
activity reaching, after the 3-day cycle in 20 days, levels of
60% of adherent cells.

These findings are very promising and supportive for the
efficiency and viability of this new technique that is offering a
very cost-effective option, desired consistency, and viscosity

Fig. 7 a–d As shown in these
figures, the cartridge of
Microlyzers has two female-to-
female luer-lock adapters (a), able
to connect two syringes of 10 cm3

volume. Inside of these adapters,
there are particular blades of
different sizes, 2400, 1200, and
600 μm (b). The tissue must be
transferred between the two
syringes from 3 to 5 times to cross
the blades, in order to fragment
the sample (c). The blades must
be used from largest to smallest
ones until the desired consistency
and viscosity are achieved

Table 3 Composition of the bioactive composite grafts and the related
local activity

Basic components of the bioactive composite grafts

Adipose tissue derivates (SVF) MSCs and ECM

Blood derivates (PRGF, PL, PRF) Growth factors

Biocatalyzers 1 (AA, vitamins) Cell intake and growth

Biocatalyzers 2 (morpho proteins) Linear differentiation

Carriers (HA, PCA, ECM) Facilitate implant
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of the adipose tissue eliminating the fibrotic remnants and
even high nucleated cell yields.

At present, this is our approach of choice for all cases
where small/medium volume of fresh SVF is needed especial-
ly combined with other bioactive components.

New perspectives in regenerative surgery

A great deal of ongoing researches is constantly opening new
perspectives to expand and improve practical and clinical ap-
plications of regenerative procedures. The authors’ group is
currently investigating several promising options.

The bioactive composite grafts

A very interesting new perspective for improving
transplanted cell survival is represented by the bioactive
composite grafts (BACG), a revolutionary strategy to ap-
proach and realize regenerative therapies. The main con-
cept behind this new philosophy is to focus the attention
on the recipient site that can be activated to become a real
bioreactor. A “Taylor-Made Regenerative Mixture,” con-
taining multiple components that has been proven to be
way more effective in inducing and supporting regenera-
tive processes if compared to a single component graft.

The protocols of this new therapeutic strategy con-
taining pericytes and MSC precursors are based on the
use of freshly insulated AT SVF, GF from blood deri-
vates (not simple PRP but PRGF or PRF), and other
specific and unspecific biocatalyzers, including bioactive
proteins, amino acids, and vitamins (Table 3). The ra-
tional for the proposed use of biocatalyzers is that all
cell culture media contain a multitude of components
and, in most cases, a complete medium consists of a
chemically well-defined basal medium with the addition
of a variable quantity of defined additives. Although the
basal medium culture contains low molecular weight
substances such as inorganic ions, amino acids, vita-
mins, and other components (e.g., glucose and pyru-
vate), this composition is often not enough for the
in vitro growth of mammalian cells. In addition, high
molecular weight supplements as proteins have to be
added to fulfill cell requirements. Besides proteins (se-
rum), these supplements may also contain peptides, li-
poproteins, phospholipids, or lipids. Therefore, the addi-
tion of some specific or unspecific biocatalyzers to the
regenerative mixture helps to the natural stimulation and
acceleration of cells’ recruitment towards some specific
cellular lines or supports the cell’s intake in the recipi-
ent site. At present, the most valuable biocatalyzers are
represented by bioactive proteins (BP), amino acids
(AA), and vitamins (VIT).

Bioactive proteins

To stimulate cells’ recruitment (MSC progenitors) in the AT
towards a specific cellular line, it is possible to add to the
regenerative mixture a specific morphogenetic protein able
to induce the formation of some specific mesenchymal cells.
For example, the addition of 1/2000 IU of bone morpho pro-
tein 2 (BMP2) can stimulate the recruitment into the
chondrogenic lineage and consequently treat osteoarthritis
[33].

Amino acids

Amino acids are the raw material that support protein
synthesis and have a crucial role in the cultivation of
mammalian cells. This importance of amino acids was
soon realized after the development of the first cell lines.
From that moment, a mixture of amino acids has been
always supplied to cultured cells. Cells need twelve es-
sential L-amino acids: arginine, cystine, leucine, isoleu-
cine, lysine, methionine, phenylalanine, threonine, trypto-
phan, histidine, tyrosine, and valine. The addition to the
graft of a variable quantity of these components inside of
an amino acidic cocktail can actively support cells’ intake
and growth [34].

Vitamins

Vitamins mainly act as cofactors or protein groups for
many enzymes. They are essential for cell function and
metabolism. The absence of vitamins in culture may
lead to decrease cell growth, death, or loss of function.
The most active vitamins are as follows: biotin, folate,
nicotinamide, pantothenic acid, riboflavin, thiamine, and
vitamin B12 [35]. Although these components have very
low concentrations, the availability of vitamins is ex-
tremely important for cells, which are usually not able
to synthesize them. Adding all or some of these com-
ponents to the regenerative mixture is helping to over-
come the metabolic stress and supporting cell survival.
All the components are mixed following different pro-
portions and percentages. The two biological derivates,
SVF and enriched PRP, constitute the most relevant part
of remix regeneration mixtures (RRM). These two main
components are usually mixed with a ratio of 5:1 (e.g.,
for 10 cm3 of RRM, 8 cm3 of adipose-derived SVF and
2 cm3 of PL). However, this proportion depends on the
clinical situation, on the therapeutic needs, and on the
volume of the recipient site. If necessary, biocatalyzers
are added only on a small proportion to support a stron-
ger regenerative action and currently not in post-
oncologic applications. Due to the poor understanding
of the oncogenic role of cancer’s stem cells, authors
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are limiting the use of this powerful regenerative media.
These findings are supported by a consistent cohort of
testing trials that assess the recruiting activity, sorting
and cellularity, and especially the improved regenerative
action on the recipient sites. All these components are
mimicking the action of an “in vivo DMEM medium,”
and the recipient site in this case is acting as a real
bioreactor. In parallel with the development of the ther-
apeutic strategies, it has also been structured an interna-
tional platform finalized to identify, analyze, and select
cutting edge technologies in each specific field of re-
generative medicine, merging with the most efficient
protocols and guidelines tailored for every specific clin-
ical need and every anatomic district, called REMIX
(REgenerative MIXture).

The multilineage-differentiating stress-enduring cells

The multilineage-differentiating stress-enduring (MUSE)
cells are another component of the adipose tissue newly
discovered in 2010 by scientists of the Tohoku University
(Sendai, Japan). They are currently classified as endoge-
nous non-cancerous pluripotent stem cells and represent
around 1–3% of MSCs [36]. Since the beginning, they
were considered an alternative source of human-induced
pluripotent cells (iPS cells) with high generation efficien-
cy naturally present inside of mesenchymal tissues. In
addition to their capacity to self-renew and to differentiate
into cells representative of all three germ layers, MUSE
cells can differentiate themselves into tissue-specific cells
and repair damaged tissues. Because of all of these capac-
ities, MUSE cells efficiently home into damaged tissues
and lead to soft tissue recovery and regeneration [37].
During their biological life, stem cells undergo different
intrinsic (e.g., DNA damages) and extrinsic (e.g., chemi-
cal and physical) stresses. As seen in different primitive
organisms, MUSE cells are stress-tolerant cells which
present highly conserved cellular mechanisms. In physio-
logical conditions, MUSE cells exist in a quiescent state
with effective DNA damage checkpoints and DNA repair
mechanisms. An alteration of the local cellular microen-
vironment can activate these stress-tolerant cells individ-
ually and generate different downstream effects. In con-
trast to embryonic stem and induced pluripotent stem
cells, MUSE cells exhibit low telomerase activity, a nor-
mal karyotype, and do not undergo tumorigenesis once
implanted in SCID mice [37]. Furthermore, the level of
senescence and apoptosis is markedly lower compared
with non-MUSE cells.

At present, there is great scientific interest in under-
standing the mechanisms underlying the activation and
the different capacities of these cells. Probably, the abil-
ity of MUSE cells to act in difficult microenvironment

conditions is due to their efficient and constant cooper-
ation with monocytes and macrophages, their quick and
efficient sensing of DNA damage, and the following
activation of DNA repair systems. Lastly, MUSE cells
could also be involved in immunomodulation and anti-
gen response, which could contribute to tissue regener-
ation and functional repair in vivo.

The adipose tissue as the main source of MUSE cells can
be considered especially when harvested from specific ana-
tomic areas like the anterior and lateral faces of the tights.

For these reasons, there is the necessity to better compre-
hend the mechanism of actions of MUSE cells in tissue regen-
eration and the stimuli that could lead differentiation ofMUSE
cells. To try to clarify this aspect, a preliminary proteomic
analysis of MUSE cells isolated from different adipose depots
was performed. This study confirmed that MUSE cells are
sensible to the stress and especially to oxidative stress occur-
ring in adipose tissue, but also to the inflammation with high
stimulation of the immune system. Surely inflamed or dam-
aged tissues are characterized by a higher presence of MUSE
cells, but their role and the differentiation pathways are still
poorly understood.

More accurate studies of MUSE cells’ genome and
proteome are necessary to promote a future treatment
in which these cells could be selectively isolated and
injected. Their pluripotency associated with low telome-
rase activity and low tumorigenicity, compared with the
multipotent mesenchymal stem cells, ensures the regen-
eration of higher number of tissues with also higher
safety. At the same time, researchers must focus their
studies also on the interaction among MUSE cells and
other cells, particularly monocytes and macrophages that
could be playing the role of first mediators in the re-
cruitment and the activation of MUSE cells, when tis-
sues are damaged.

The regenerative medicine could be highly improved by
the comprehension of the above-described mechanisms by
stimulating the MUSE cell population in counteracting the
tissue aging and inflammation processes, at the base of many
different pathologies.

The current role of exosomes in regenerative
medicine and surgery

In recent years, exosomes have become increasingly
popular in the medical field and scientific community
due to their widespread distribution, their possible func-
tions as biomarkers of disease, and their great potential
to be applied as therapeutic agents. Exosomes are
nanovesicles measuring from 50 to 100 nm in diameter
and have recently been identified as vital mediators of
paracrine communication [38, 39]. It has also been dis-
covered that these nanovesicles are widely biologically
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distributed: they have already been found in almost all
types of body fluids, including saliva [40], milk [41],
amniotic fluid [42], blood [43], and urine [44].
Exosomes are small membrane vesicles that originate
from the inside budding of the late endosomal mem-
brane. These nanovesicles are typically spherical or
have a dish morphology; they are enveloped by a lipid
bilayer enriched in cholesterol, sphingomyelin, and cer-
amide; they have a density of 1.13–1.19 g/ml; and their
membrane is enriched by protein markers (tetraspanins,
TSG101, Hsp70) [45]. Exosomes are secreted by almost
all of the living cells that have been examined so far,
including normal epithelial cells, tumor cells [46], T and
B cells [47], mast cells, and dendritic cells [47, 48].

Exosomes contain special biomolecules, functional
proteins, and nucleic acids, including microRNAs
(miRNAs), messenger RNAs (mRNAs), and even DNA
[49].

Initially, exosomes were regarded as useless cellular
waste, but it has been recognized that they have many
important cellular functions. After being released,
exosomes can act upon target cells in the vicinity of
the parent cells in a paracrine manner, and they can
also enter biological fluids, to be delivered to target
cells far from the secreting cells, similar to an endocrine
process [50]. When exosomes are absorbed by specific
target cells, the exosomal contents, especially miRNAs,
will mediate numerous biological processes [51].
Exosomes have been predominately studied in their
roles in cancer progression and immunoregulation [52].
Also, biomolecules in exosomes might be applied as
biomarkers for disease diagnosis, prognosis, and even
injury conditions since because their levels or contents
might change following the occurrence of some diseases
or injuries [53]. Their functions have already been wide-
ly explored, and lately their potential for regulating tis-
sue repair and regeneration has gained attention, partic-
ularly in cutaneous repair and regeneration [54]. The
main evidence supporting this originates from investiga-
tions focusing on mesenchymal stem cell (MSC) trans-
plantation for tissue regeneration. Currently, it is be-
lieved that MSCs achieve a therapeutic effect in vivo
mainly through paracrine signaling [54, 55]. They can
release biologically active molecules that affect the pro-
liferation, migration, and survival of the neighboring
cells. Many studies have reported that MSC-derived
conditioned medium promotes cutaneous regeneration
[56]. Exosomes are the main bioactive vesicles respon-
sible for the paracrine effects of MSCs; they in fact
regulate many physiological and pathological processes
by affecting the survival, proliferation, migration, and
gene expression of recipient cells and by reprograming
targeted cell behaviors.

On this evidence it could be possible to adopt a cell-
free therapy utilizing paracrine factors, such as
exosomes, to promote tissue repair and regeneration,
which would avoid the risks associated with direct stem
cell transplantation, such as teratomas, immune rejec-
tion, and the reduced regenerative capacity of engrafted
cells [57]. Numerous preclinical studies have confirmed
that MSC exosomes play a key role in tissue regenera-
tion and repair, particularly in cutaneous wound healing
[58]. MSC exosomes participate in each phase of the
cutaneous wound healing processes by delivering vari-
ous molecules, such as trophic factors, functional pro-
teins, and RNAs, including mRNA and miRNAs.
However, their full functions remain still unclear. It is
anyway thoroughly believed that MSC exosome–mediat-
ed therapy could play an essential role in providing
cutaneous regeneration and repair after pathological
damage.

The 430-nm LED photobiomodulation: cellularity
and replication effects

As mentioned before, Lafontan [59] subverted the con-
solidated pathophysiology of non-proliferating adipo-
cytes. Considering the local vascular network of the
AT, the in vitro studies of Lafontan demonstrate that
cell progenitors stay as quiescent “sleeping precursors”
within the adipose tissue niches until a specific meta-
bolic or mechanical trigger turns them from the quies-
cent status to the activated one, able to trigger cell
proliferation and differentiation. At present, there are
cell processing procedures leaded by characteristic de-
vices (e.g., AdiLight 1®; Adistem Ltd., Hong Kong)
able to activate the quiescent adipose stem cells through
a 430-nm LED photobiomodulation (PBM). After har-
vesting, centrifuging, and modulating the lipoaspirated
fat sample with AdiLight 1®, the isolated stem cells
become fully functional and can immediately return to
the patient through an IV [60].

To date, there is great interest in the use of
photobiomodulation therapy (PBMT), defined as a
non-ionizing photonic energy able to induce photochem-
ical changes within cellular structures. RA Brochetti
et al. [36] are currently investigating the possibility of
reducing chronic lung fibrosis (LF) by treating the dam-
aged tissue with PBMT. Their results showed that
PBMT significantly reduces the number of inflammatory
cells in the alveolar space, interstitial thickening, colla-
gen production, and both static and dynamic pulmonary
elastance. From the molecular point of view, authors
observed reduced inflammatory parameters (e.g., IL-6)
and CXCL1/KC released from pneumocytes and fibro-
blasts in culture. The same group reached, the year
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after, encouraging conclusions regarding the stimulation
of neuroprogenitor cells by PBMT in the treatment of
neurological disorders. Their results indicate that PBM
significantly enhances neurogenesis and synaptogenesis
after ischemic stroke. In addition, there is a robust sup-
pression of reactive gliosis and production of pro-
inflammatory cytokines. Altogether, PBM could improve
positively the neuronal microenvironment, representing a
promising therapeutic tool for neuronal repair following
ischemic stroke.

From the cellular and molecular point of view, visible
red and near-infrared light energies (wave length
430 nm) are mainly absorbed by mitochondria. The mi-
tochondrial enzyme cytochrome oxidase c, acting as a
chromophore, accepts the photonic energy deriving from
photobiomodulation, causing different downstream ef-
fects (e.g., production of ATP, NO, and mild oxidants,
activation of cellular repair and healing mechanisms)
with significant impact on cellularity and differentiation.
Considering the importance of photobiomodulation in
the course of evolution, we expect a fundamental role
also within the different molecular mechanisms involved
in our laboratory and clinical experiments.

The acellular adipose matrix

The injectable tissue-engineered adipose tissue substi-
tute, ready to be used “off the shelves,” delivers stem
cells as an etheric implant, offering meanwhile the ca-
pability of filling irregular defects and stimulating a
natural soft tissue regeneration. This technology can
reach great value in plastic, reconstructive, and esthetic
surgeries and in all the medical specialties where a
strong regenerative action is required. In this direction,
a promising option is represented by the extracellular
matrix (ECM), a naturally derived proteinaceous bioma-
terial largely free of any potential immunogenic cellular
content. This substance preserves its tissue-specific
structural and functional components and mediates tis-
sue regeneration without any artifacts. In order to be
suitable for clinical applications, the AT must be
decellularized by which cells are discharged from tis-
sues and purified from DNA and viral charges. It is
crucial to preserve all of the essential cues for cell ho-
meostasis in its three-dimensional structure and its ex-
tracellular matrix components. An example of acellular
matrix is the acellular dermal matrix (ADM), a soft
tissue substitute derived from decellularized donated hu-
man skin introduced in the market in 2007 [61]. Even if
its utility has been largely demonstrated in breast recon-
structions, burns, and wound management, the very high
costs still constitute a problem for the routine use in
plastic surgery. Moreover, due to lack of pericytes and

growing factors, its regenerative activity is very limited.
The adipose tissue represents the ideal source of extra-
cellular matrix (ECM) containing collagen (type I, II,
IV, and VI), laminin, and fibronectin. In addition, its
stromal vascular fraction (SVF) contains a huge number
of pericytes and a rich pool of specific and unspecific
GF. Because of the high content of triglycerides (TGS)
and their low density, the decellularization of the AT is
consistently different from any other tissues and requires
a preliminary step of delipidation [62]. This process
avoids the foaming of TGS, an inconvenience that in-
terferes with the subsequent technical steps of
decellularization.

Deeply involved in adipose-derived stem cell (ADSC)
research and technologies and after a fair experience
with acellular dermal matrix (ADM) for breast recon-
struction, in February 2014, authors started to better
investigate the possibility of insulating a similar material
from the adipose tissue with a reliable and efficient
technique [62]. In October 2014, he visited the
Institute of Bio Materials of the Vietnam National
University of Science (VNUHCM) in Ho Chi Minh
City. This Institute is currently directed by Prof. Tran
Le Bao Ha, a world-renowned molecular biologist with
a great deal of experience on decellularization protocols
of different types of tissues for therapeutic use [63–65].
In January 2015, they joined their mutual expertise and
started a common research project in this field under the
coordination and direction of this author. After 3 years
of intensive common work, a new reliable, efficient, and
affordable mechanic/detergent-based method of
decellularization of the AT able to produce a very pure
acellular adipose matrix (AAM) free from cellular com-
ponents and with minimal quantities of DNA was ready
(Figs. 6 and 7). After this partnership, the laboratory
phase is now completed, and the project is ready for
the industrial phase, in order to standardize the produc-
tion and comply with registration and laws. Altogether,
AAM seems to be a very promising tool, able to imple-
ment and improve fat transfer outcomes. The constant
research and innovation will allow in a short future to
make this procedure as a stand-alone alternative for tis-
sue filling with great regenerative potential.

Conclusions and outlook

The considerations expressed in this manuscript, based on the
30-year authors’ group experience in this specific field, should
allow a better understanding of the most important, controver-
sial, and still unclear points related to this very promising and
challenging discipline.
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Today, regenerative medicine and surgery are an irre-
placeable therapeutic device for restoring function and
integrity to damaged tissues and organs, exploiting the
extraordinary potential for regeneration inherent in the
body itself in a biologically active, autologous, and
minimally invasive way.

It is rightly considered the most innovative therapeutic
solution of the twenty-first century, and for its peculiari-
ties, it is a discipline of last generation certainly placeable
in the broad and current concepts of “well-being” and
eubiotics, basic rights that must be ensured to every hu-
man being.

The initial reservations of researchers on therapies
with mesenchymal stem cells have been largely over-
come by a systematic review of clinical studies that
could unequivocally confirm that MSCs are safe and
that they can regenerate damaged tissues in the micro-
environment of the receiving site, thus constituting a
new and irreplaceable tool for healing, not for curing
multiple diseases including chronic ones.

The goal that regenerative medicine sets itself can be
achieved in a very short time if there is the will and the
ability to create a “governance of research” focused to
stimulate an interdisciplinary collaboration that involves
all the main actors of the scientific community, from
medical professionals to those of basic science, molec-
ular biology, bioengineering, economics, sociology, and
communication where the plastic surgeons, as historic
experts in supplying the most abundant, reliable, and
efficient source of regenerative components, are playing
a predominant role.

Today physicians and scientists are fortunate to have
this unique opportunity to take part in this age of the
regenerative medicine epoch coinciding at a time when
tools such as translational research and genomics are
providing a greater understanding of cellular-based med-
icine. The following decades will see changes that will
forever alter medicine and the historical role of the phy-
sician. Technology has been shown to rapidly transform
our social and information management systems, and
physicians must prepare themselves to be leaders in this
revolution to ensure that the appropriate ethical and sci-
entifically based approaches are pursued and rewarded.
It is an exciting opportunity to help usher in this new
age, and hopefully, such advances will be embraced not
feared and physicians will find a new sense of profes-
sional invigoration and a reigniting of their youthful
sense of awe and wonder in the pursuit of this latest
medical milestone.
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