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introduction
Over the last decade, the clinical use of MSCs has begun to skyrocket. Keen and
exponentially increasing interest in a wide range of disciplines (hematology, proctology,
cardiology, neurology, orthopedics…) has revolved around the notion of “stem cell”, that is to
say a cell capable of renewing itself (”auto-replication”), of proliferating and of being
differentiated into a multitude of cell types. Stem cells are characterized as totipotent when
they can generate a living being (embryonic stem cells), as pluripotent when they can be
divided into three tissue types (ectoderm, mesoderm and endoderm), and as multipotent when
they can only be differentiated in a given tissue type. MSCs belong to the last category and
have been named according to their tissue origin: BM-MSC, ASC, UC-MSC, etc... Numerous
studies have indicated that MSCs may be used in regenerative medicine in highly diversified
clinical situations, leading to a scarcely imaginable medical and media craze initially
explainable by their differentiation properties. However, reevaluation of their mechanisms of
action was triggered by the massive retention of MSCs in the lungs during intravenous
injections, by their low level of persistence in targeted tissues1-3 and, finally, by demonstration
of their limited capabilities of in vivo transdifferentiation into mature functional cells. At
present, clinical utilization of MSCs is premised on the properties enabling them to produce
trophic and immunosuppressant factors. More specifically, due to their
immunomodulatory/immunosuppressant properties, the clinical interest of these cells in the
treatment of inflammatory and dysimmunitary diseases has become obvious.
The objective of this review is to present today’s knowledge base with regard to
adipose stromal cells (ASC) and to pinpoint their clinical interest, particularly in plastic
surgery. Indeed, ASCs are among the components of the fat utilized in autologous reinjections
either to compensate for a lack of substance or for regenerative purposes; indeed, ASC
isolation techniques have been developed and may be applied during operations such as
plastic surgery.
Mesenchymal stromal cells
Mesenchymal stromal cells (MSC) have been known since the 1970s and were
initially isolated from bone marrow (BM-MSC = bone marrow-mesenchymal stem cells)4.
They are defined by three properties existing in culture: 1- They are plastic-adherent and
proliferate in vitro. 2- They are multipotent, which means that they can be differentiated into
diversified cell types derived from the mesoderm5 ,6 (bone, cartilage, adipose tissue). 3Contrary to hematopoietic stem cells, they do not express a specific surface marker, and as a
result, their isolation and characterization have been restricted. The minimum required
phenotype consists in the presence of CD105, CD73, CD90 (≥95% positivity) and the absence
of expression of the hematopoietic markers CD45, CD34, CD14 or CD11b, CD79a or CD19
(≤2%). Moreover, without an inflammatory stimulus (particularly the interferon gamma
[IFN-γ]), MSCs fail to express HLA-DR (a molecule in the class II major histocompatibility
complex)5. That said, recent studies have shown that MSCs are present in multiple tissues,
including adipose tissue. There exist several other names for these cells, of which the most
widely known, the designation given by the IFATS (International Federation for Adipose
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Therapeutics and Science) are ASC (adipose stromal cells) and ADSC (adipose-derived
stromal cells)7. Indeed, adipose tissue is a major reservoir for ASCs, easily accessible via the
liposuction techniques routinely applied in plastic surgery 8,9.
Nowadays, it has become obvious that the efficacy of MSC injection in different
models of tissue lesions and dysimmunitary diseases is largely ascribable to a paracrine effect
through which, over a short period of time, MSCs produce anti-inflammatory and
immunosuppressive molecules that contribute, in association with trophic factors, to the
regeneration of host tissue, as has been shown in the encouraging results of trials on the
treatment of complicated anal fistulas in Crohn’s disease10 ,11.
Current data in the literature show considerable heterogeneity in the description of
MSCs. We now know that culture induces modifications in the expression of surface markers
in contradistinction to their native state. In addition, the functional properties of MSCs vary
according to their tissue origin and method of production12. In fact, it is highly likely that the
heterogeneity in the clinical results achieved with MSC is to some extent due to differences in
production processes. More specifically, processes differ with regard to cellular origin,
duration, culture conditions and, consequently, the number of cell doublings (CD) in vitro
13,14
.
However, current data on the characterization of ASCs in their native state remain
insufficient to assess their heterogeneity and plasticity. From a clinical standpoint, relevant
information is needed to evaluate the benefit/risk balance not only of plastic surgery by
injection of autologous fat, particularly in the breast, but also of applications involving cell
therapy.
Adipose stromal cells
In culture, ASCs as well as BM-MSCs are capable of multiplying [their multiplication
can be quantified by determining the number of population doublings (PD)] and of being
differentiated into adipocytes, osteoblasts and chondrocytes. Also in culture, while ASCs,
BM-MSCs and MSCs of the umbilical cord (UC-MSC) present similar morphology and
comparable membrane phenotypes, ASCs possess a greater capacity of clonogenicity, as is
shown by a more elevated rate of colony-forming unit fibroblast (CFU-F), whereas UCMSCs have a higher number of PDs than ASC, and BM-MSCs are the cells that multiply the
least15. Notwithstanding their resemblances, MSCs differ in phenotype according to their
environmental niche or their function within a tissue. For example, and unlike BM-MSCs,
ASCs do not express the adhesion CD106 molecule15,16. Moreover, ASCs possess greater proangiogenic capacities than BM-MSCs, which is why they have been tested in cases of lower
limb ischemia17. In addition, ASCs possess appreciable functional properties as regards the
inhibition of inflammatory and immune responses18.
While these different characteristics have been defined on the basis of ASCs obtained
in cultures, as of now native ASCs remain little known. They possess altogether specific
characteristics such as expression in vivo of the CD34 marker19-21. Given the fact that
hematopoietic and endothelial markers are not expressed, CD34 plays a major role in the
isolation and characterization of ASCs (Figure 1). The CD34 molecule is a transmembrane
glycoprotein belonging to the sialomucine family, and its function has yet to be thoroughly
elucidated22,23. Non-specific to a cell type, it is predominantly expressed by hematopoietic
stem cells, endothelial cells24 and endothelial progenitors25. As a marker, it is lost during
culture 22,26 , which is why, in the past, certain studies described ASCs as CD34-negative27.
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Over the last decade, given the development of fundamental knowledge pertaining to
these cells, criteria have been put into place to define mesenchymal stromal cells and to
determine their differences with so-called stem cells6. The previously cited criteria included
phenotype conditions5 such as the presence of markers CD73, 90, 105 and the absence of
markers CD45, 34, 14 or 11b. While it remains applicable to the BM-MSCs on which it is
based, this definition has been called into question and it has become obvious that it is
inapplicable to ASCs. Indeed, native ASCs express CD3420, which is the key marker of their
isolation19,28, rendering the criteria of Dominici et al effectively inapplicable to adipose
tissue5. Additional indications were consequently given in view of amending the definition of
ASCs, which are phenotypically defined by the absence of markers CD45 (pan-hematopoietic
marker), CD235a (which is conducive to the elimination of the erythrocytes remaining after
addition of lysis buffer), CD31 (endothelial cells) and the presence of CD34. An expert group
went on to explain that ASCs must also be positive with regard to the stromal markers CD73
and 90, and that their characterization can be enhanced by the presence of CD10, CD26,
CD49d, CD49e as well as CD146 (MUC18)29.
Lastly, other recent studies have suggested the existence of several stromal subpopulations in adipose tissue19,30,31, one of them being known as a pericyte population due to
its perivascular mural location, which puts it in contact with endothelial cells30,32. This
population is largely defined by the presence of the marker CD14632. Some authors have
suggested that MSCs with differing tissue origins might be derived from a common, pericytelike progenitor cell19. It is worthwhile to note that contrary to the aforementioned IFATS
definition, these authors differentiate ASCs (CD34pos cells) from pericytes (CD146pos cells)29.
However, only in a CD34pos fraction did Maumus et al20 observe a population presenting
clonogenic properties, a finding in contradiction with those of teams focusing on pericytes3032
. Figure 1 presents an analysis of MSC sub-populations in adipose tissue following an
adaptive selection strategy.
The immunomodulatory properties of MSCs
There exist many studies reporting the contrasting immunomodulatory properties of
MSCs. In animals and humans alike, results in vitro differ. That said, it has been proven that
MSCs are not constitutively immunosuppressant; only after stimulation by inflammatory
signals33 from the micro-environment such as the inflammatory cytokines IFN-γ or TNF-α do
they acquire such properties34-36. During inflammatory response, immune cells such as T
lymphocytes, monocytes or macrophages produce the IFNγ necessary to MSC activation37,38.
Moreover, MSCs are only weakly immunogenic; in vitro, they fail to activate allogeneic T
lymphocytes. However, they are not immune-privileged, and can be recognized by the
immune system of an allogeneic host and are consequently liable to be destroyed by effectors
such as activated NK (natural killer) lymphocytes39. Their effects are not HLA-restricted,
which means that the MSCs exercise their suppressive properties whatever the HLA genotype
of the recipient’s immune cells40. MSCs do not constitutively express either MHC Class II,
which they can nonetheless express in an inflammatory context, or costimulatory molecules
such as CD40, CD80 and CD86 41,42. They act upon all effectors of innate or adaptive
immunity (Figure 2) and alter cell proliferation (blocking in phase G0/G1 of the cell
cycle43,44) as well as other immune cell functionalities.
Lymphocytes cells. Lymphocytes are the leucocytes implicated in adaptive immune
response, and two main lines may be distinguished: T and B. With regard to T lymphocytes,
3

MSCs inhibit proliferation 45,46, cytotoxicity and IFN-γ production 45,46. MSCs induce
differentiation into regulatory T lymphocyte (Treg)CD4posCD25highFOXP3pos 47,48,49 ,50 ,51.
MSCs can also impact secretory profile and, consequently, lymphocyte function. Indeed,
numerous studies have reported repolarization of the Th1 lymphocyte (IFNγ synthesis)
towards a Th2 profile (IL-4 synthesis), a process enabling tissue regeneration. Placenta MSCs
have been described as allowing a switch from a Th1 profile towards a Th2 profile45 by means
of the IL-10-priducing monocyte induced by HGF. In vitro, adipose tissue MSCs have been
described as inhibiting proliferation of naive T-CD4+ lymphocytes and as blocking
polarization in Th1 and Th1748. Other studies have reported similar inhibition of Th1
polarization44,52. That said, works comparing the MSCs of different tissue sources have
yielded discordant results on T lymphocytes. Puissant et al reported similar effects on
proliferation of T lymphocytes in the spinal cord and in adipose tissue 18, while Najar et al
reported similar results with ASCs as compared to umbilical cord MSCs and BM-MSCs53.
Ribeiro et al demonstrated the superiority of ASCs over BM-MSCs and UC-MSCs in the
inhibition of T-CD4pos and T-CD8pos lymphocytes and NK54. As for Xishan et al, they
highlighted the superiority of BM-MSCs over ASCs as inhibitors of the proliferation and
activation of T lymphocytes44. As concerns B lymphocytes, the role of MSCs remains open to
debate55. It now appears more and more evident that it depends on their activation status,
which itself depends on the interactions of the MSCs with other immune cells56. In a noninflammatory context, MSCs do not inhibit B lymphocyte proliferation, and they even permit
the survival and generation of regulatory B cells (CD38highCD24high IL-10high), whereas in an
inflammatory context stimulated by IFNγ, MSCs inhibit B lymphocyte proliferation and
immunoglobulin synthesis by blocking plasmocytic maturation57,58.

Monocytes, macrophages, dendritic cells. Monocytes represent a population of blood
leucocytes capable of being differentiated in tissues into macrophages and dendritic cells,
which are antigen-presenting. These cells are implicated in innate cellular response. Much of
what we know about macrophages is derived from studies on mice59. In an oversimplified
manner, classical or pro-inflammatory M1 macrophages, with their response that can be
compared to type Th1 in the nomenclature of T lymphocytes, are described as markedly
differing from M2 macrophages, which are alternatively considered as activated or antiinflammatory and can be compared to type Th2 responses60,61. It would nonetheless seem that
in between these two extremes, macrophages are more substantially heterogeneous62. While
M1 macrophages are induced in vitro through stimulation by IFNγ, lipopolysaccharide (LPS)
or TNFα, M2 macrophages are stimulated by IL-4 or IL-13 61. There exists no single signature
permitting characterization of a macrophage as M1 or M2; different clusters of arguments on
each side warrant examination. In humans, at their surface M1s strongly express class II
HLA-DR MHC molecules, and weakly express CD206 (mannose receptor, implicated in
phagocytosis63); they have a pro-inflammatory secretory profile (IFNγ, TNFα, IL-1β) and
moderate capacities for phagocytosis. Conversely, on their surface M2s weakly express HLADR and strongly express CD20664; they have an anti-inflammatory (IL-10) secretory profile
and an elevated capacity for phagocytosis65. MSCs help to orient the polarization of
macrophages with a pro-inflammatory phenotype towards those with an anti-inflammatory
phenotype, thereby favoring tissue regeneration65,66 ,67,68. Indeed, when BM-MSCs are
cultivated with macrophages, the latter increase CD206 expression, augment their capacities
for phagocytosis and reduce their syntheses of pro-inflammatory cytokines while increasing
their syntheses of anti-inflammatory cytokines69. MSCs facilitate the survival of monocytes
and differentiation into macrophage M2 CD206posCD163pos, cells synthesizing IL-10 and
CCL-18, which plays a part in the attraction of T-regulatory lymphocytes70. Chiossone et al
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found in vitro that monocytes cultivated with BM-MSC permit maturation into M2
macrophages, which strongly express CD11b, CD206 and CD16367. Lastly, MSCs can alter
the differentiation and maturation of dendritic cells71.

MSC action mechanisms are multiple and for the most part inducible by soluble
factors . For example, MSCs synthesize the immunosuppressive enzyme indoleamine-2,3
dioxygenase (IDO), which catabolizes tryptophane into kynurenine73. This molecule, which is
crucial to inhibition of the proliferation of T lymphocyte effectors by human MSCs, acts by
depletion of the medium into an essential amino acid, tryptophane, and by producing
kynurenine, which is toxic for T lymphocytes. We now know that the percentage of
inhibition of T lymphocyte proliferation is correlated with augmentation of the
kynurenine/tryptophane ratio, which reflects IDO activity12. Not constitutively present in
MSCs, IDO is triggered in response to IFNγ and potentialized by TNFα35. In the same way,
the effects of MSC on B lymphocytes are mediated by IDO. In fact, tryptophane
supplementation enables restoration of B lymphocyte proliferation and immunoglobulin
synthesis58. In addition, MSCs produce the cyclo-oxygenase 2 (COX-2) enzyme, which plays
a part in the synthesis of prostaglandine E2 (PGE2) from arachidonic acid. PGE2 in
association with IDO plays a part in inhibiting the proliferation of T53 and NK39 cells. Indeed,
PGE2 has been reported as being one of the mechanisms enabling differentiation of
macrophages into M2 macrophages, whereas this differentiation is lost in the presence of
COX2 inhibitors67. Németh et al went so far as to underline the key role of the PGE2
produced by BM-MSCs in reprogramming the M2 macrophages secreting IL-10. In these
studies, interleukin 10 is considered as responsible for sepsis resolution and consequently for
improved survival in mice74. Following exposure to TNF-α, MSCs secrete the protein TSG-6
(TNF-α stimulated gene/protein 6) which acts by negative retro-control on the macrophages
by decreasing their synthesis of pro-inflammatory factors, thereby curtailing recruitment of
polynuclear neutrophil75 ,76. And as regards TSG-6, due to its powerful anti-inflammatory
effect in mice it elicits a diminution of infarcted territory in myocardial infarction3 by
reducing the deleterious effects of the excessive inflammation associated with the massive
infiltration of polynuclear neutrophils. MSCs also produce a specific form of HLA, HLA-G5,
which is considered as responsible for the induction of regulatory T lymphocytes49.
Importantly, and even though in mice MSCs exhibit the same immunosuppressant and antiinflammatory properties as human MSCs, the implicated mechanisms markedly differ
according to species, thereby underscoring the key importance of studies conducted from
human tissues77. While in humans, IDO is the main mechanism inhibiting T lymphocyte
proliferation, in mice it is iNOS78.
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In order to objectify MSC heterogeneity, and more specifically to compare the
immunological properties of the different MSCs, it is crucial to apply a standardized
methodology allowing researchers to ascribe observed effects to the MSCs themselves (for
example, to the type of source tissue being used) without being subject to bias due to the
experimental conditions of an immunological test (for example, a variation in the type of
immune cells being used). That, in any event, is how it has been shown that the
immunosuppressant potential of ASCs is greater than that of BM-MSCs12.
Stromal vascular fraction (SVF) and how it can be isolated. From fat grafting to SVF
grafting…
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In vivo, ASCs are embedded between adipocytes in the extracellular matrix. In order to
study them and to have them amplified in vitro, the extracellular matrix has got to be digested
by proteolytic enzymes. Adipose tissue (AT) is digested at 37°C over a period that varies
from one author to the next in a buffer containing collagenase enabling digestion of the
collagen fibers of the extracellular matrix. Once the different cellular components have been
separated, it is time to centrifuge the product of enzymatic digestion so as to isolate the
stromal vascular fraction (SVF). SVF contains all cells except the adipocytes. In fact,
extraction is divided into three phases; from top to bottom, they involve the adipocytes, the
digestive environment and, finally, SVF (containing hematopoietic cells, endothelial cells and
stromal cells)9. It matters to remember that SVF contains approximately 2 to 10% of ASC79.
ASC amplification in clinical projects involving cell therapy treatment subsequently
initiates a stage of culturing under standard conditions of good manufacturing practices; the
cells are considered as advanced therapy medicinal products80.
Direct utilization of SVF (without a cell culture phase) in the operating room is of
particular interest to plastic surgeons. Indeed, based on the concept of enzymatic digestion by
collagenase, different machines are now at surgeons’ disposal (see the paragraph on « plastic
surgery context »)81. Contrary to cell therapy, which implicates a “pure” cellular population,
SVF contains a heterogeneous collection of cells, of which the probable interactions may
occasion non-elucidated disparities in clinical efficacy. Moreover, given the fact that methods
for obtaining SVF have yet to be standardized, there exists a high likelihood of ending up with
cellular cocktails of which the composition is diverse, variable and heterogeneous. In France,
autologous use of SVF in the operating room is authorized without legal constraint, the reason
being that during an operation, the surgeon can manipulate autologous tissues during
maneuvers such as fat transplant or reinjection. Contrary to cultivated MSCs, which enter into
the framework of “advanced therapy medicinal products”, with pronouncedly more rigorous
constraints, autologous tissues retain their basic cellular functions.

The clinical context in plastic surgery

On a parallel track, it has become increasingly evident that given the presence of
MSCs, adipose tissue transfer presents considerable interest in regenerative surgery. Also
known as fat grafting, lipofilling and lipomodelage, this treatment contributes to the
regeneration of transplanted tissue. As was demonstrated for the first time in 2007 by Rigotti
et al, it is of particular interest as a means of regenerating the sequels of radiotherapy. Indeed,
this team showed that the injection of adipose tissue in severe radiation lesions (LENTSOMA clinical score 3 and 4) in 20 patients permitted neoangiogenesis and improved tissue
hydration. Using this technique, regeneration of the radiation dermatitis zone was observed,
and it enabled simple reconstructions by split skin grafting instead of the usual, more
debilitating reconstructions27. By producing trophic support the MSCs facilitated
neoangiogenesis; reduced tissue inflammation was in all likelihood the key explanatory factor
of clinical success82. Magalon et al availed themselves of MSCs’ properties and successfully
applied the treatment to patients suffering from scleroderma, an autoimmune pathology
6

leading to tissue fibrosis and microangiopathy clinically translated as Raynaud syndrome.
Proof of its efficacy has been given by reinjection of human adipose tissue in nude mice in
whom cutaneous scleroderma lesions were induced by bleomycine injection; following fat
transfer, reduced tissue fibrosis and neoangiogenesis were observed83. As regards humans, a
feasibility and safety study was conducted in twelve women and no adverse event was
reported, while hand function was improved and pain, edema and Raynaud syndrome were
reduced84-86. Two randomized controlled studies are ongoing and will yield a high level of
evidence on the role of this treatment in this type of pathology
(https://clinicaltrials.gov/shows/NCT02396238; NCT02558543). In addition, stromal vascular
fraction containing the ASCs is of particular interest to plastic surgeons on account of their
capacity to improve fat graft survival. Indeed, during autologous fat transfers, the fat survival
rate is variable, ranging from 20 to 80%87. The enrichment of fat with SVF, a concept known
as “cell-assisted lipotransfert” that was developed by Matsumoto et al in 2006, has led to
improved adipose graft survival associated with better vascularization88. The same operation
was carried out by Yoshimura et al for breast augmentation, and the same results were
achieved89. The popularity of this technique has proved conducive to the development of new
systems through which stromal vascular fraction (SVF) is extracted from adipose tissue for
immediate use in the operating room as a means of enriching the tissue to be transferred, the
goal being to improve fat retention. The Cytori® machine currently seems to yield the best
results in terms of viable cells and the highest rate of clonogenic cells (CFU-F). In addition, it
has helped to produce the lowest residual enzyme activity, which represents a significant
criterion for clinical use81. And yet, notwithstanding the initially promising results obtained
with this machine, discordant results ensued; in some studies no benefit was shown90. That
much said, a high level of proof in evidence-based medicine of the clinical interest of MSCs
in fat survival was achieved in 2013 by Kolle et al91. In their randomized controlled study,
they convincingly demonstrated that the enriched fat in MSCs cultivated in vitro led to
pronouncedly improved graft survival, with a fat retention rate of 80.9% in the “enriched”
group versus 16.3% in the placebo group. Unfortunately, their rigorous demonstration of the
efficacy of these cells is not transposable in clinical routine. In plastic surgery, it would be
hard to envisage firstly the extraction of adipose tissue, secondly a cell culture phase, and
thirdly a second intervention with MSC-enriched tissue in accordance with indications for
reconstruction; multiple constraints, for the most part economic, render this type of operation
impractical. Moreover, in the aforementioned study a major methodological bias prevents
extrapolation of the results inasmuch as the tissue was reinjected in large quantities (30mL) in
monobloc surgery, which meant that it remained distant from any vascularization. This is
contrary to the basic principles persuasively codified by Coleman92. On the same token, the
quantity of cells reinjected after a culture phase with SVF extraction and direct utilization in a
clinical setting is disproportionate. However, a well-conducted review of the literature
applying rigorous methodology and including 25 studies and 696 patients came to the
conclusion that fat graft enrichment with SVF cells actually improved graft survival (64 vs.
44%, p>0.0001) for small-scale reinjected volumes93.
Last but not least, the expensiveness of industrial systems of enzymatic isolation of
SVF and the cost price of academic studies render these treatments difficult to provide in
clinical routine. It will consequently be necessary to find new means of producing SVF cells
usable in the operating room, either with the goal of increasing the volumetric retention of the
graft or so as to undertake regenerative surgery, as has been done with regard to scleroderma.
Techniques for mechanical extraction of SVF cells meet the needs of our discipline and are
likely to be representative of the future94.
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New hope was born in 201394 with the first description of mechanical digestion of
adipose tissue, a process the authors imperfectly termed “nanofat grafting”. In this technique,
the tissue is emulsified, transferred to syringes (n=30) and filtered at 500 μm; in the end, SVF
cells are produced. (If the term “nanofat grafting” is imprecise, the reason is that no
adipocytes are involved, and that the cells involved, which are not nanometer-sized,
corresponded according to the authors to ASCs.)
A second description of mechanical digestion reported by Raposio et al consisted in
tissue vortexing followed by long centrifugation; once again, the procedure presumably
produced ASCs95. As concerns these two techniques, it was explained that they enabled ASC
production to take place, even though neither one of them had provided a scientific
demonstration. Moreover, the composition of the SVF cells produced by the two techniques
differed, as did the percentage of ASC. In 2016, on the other hand, we demonstrated the
possibility of ASC production by mechanical digestion of adipose tissue in accordance with
existing benchmarks96. In our study, we compared the first two mechanical extraction
techniques described in plastic surgery to enzymatic digestion, which is the reference method.
We showed that SVF cell viability was inferior in the mechanical digestion groups associated
with the traumatism related to the methodology ; more precisely, the number of ASCs was 10
to 12 times inferior to the reference method. We came to the conclusion that the nanofat
method described by Tonnard was of greater interest than the method detailed by Raposio
insofar as it led to the production of SVF-enriched ASC, as was attested by a higher degree of
CFU-F. Once the SVF is cultured subsequent to these three extraction techniques, we have
observed that the ASCs possessed the same differentiation capacities and the same capacity
to inhibit LT proliferation.
Numerous technical variants may modify SVF composition and shall necessitate
characterization studies of the products used in a clinical setting. On a parallel track and as
previously underlined by the authors, it will behoove researchers to agree on a definition of
emulsification techniques and on the main lines of research to be undertaken in view of
analyzing the reinjected product 97.
In conclusion
ASC and SVF have enabled new clinical indications to see the light of day in our discipline.
Mechanical SVF production directly accessible in our operating rooms is probably
representative of the future. A number of emerging techniques necessitate reiterated attempts
at characterization of the products reinjected in our patients; for example, functional studies
should allow us to determine whether or not the cells obtained indeed possess the same
immunomodulatory and trophic support properties as cultivated ASCs. Following which, a
phase of clinical experimentation will be necessary in order to clearly define the roles of these
promising techniques in the therapeutic arsenal of the plastic surgeon.

REFERENCES
8

1.
Barbash IM, Chouraqui P, Baron J, et al. Systemic delivery of bone marrow-derived
mesenchymal stem cells to the infarcted myocardium: feasibility, cell migration, and body
distribution. Circulation 2003;108:863-8.
2.
Ortiz LA, Gambelli F, McBride C, et al. Mesenchymal stem cell engraftment in lung is
enhanced in response to bleomycin exposure and ameliorates its fibrotic effects. Proceedings
of the National Academy of Sciences of the United States of America 2003;100:8407-11.
3.
Lee RH, Pulin AA, Seo MJ, et al. Intravenous hMSCs improve myocardial infarction
in mice because cells embolized in lung are activated to secrete the anti-inflammatory protein
TSG-6. Cell stem cell 2009;5:54-63.
4.
Friedenstein AJ, Deriglasova UF, Kulagina NN, et al. Precursors for fibroblasts in
different populations of hematopoietic cells as detected by the in vitro colony assay method.
Experimental hematology 1974;2:83-92.
5.
Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria for defining multipotent
mesenchymal stromal cells. The International Society for Cellular Therapy position statement.
Cytotherapy 2006;8:315-7.
6.
Horwitz EM, Le Blanc K, Dominici M, et al. Clarification of the nomenclature for
MSC: The International Society for Cellular Therapy position statement. Cytotherapy
2005;7:393-5.
7.
Gimble JM, Katz AJ, Bunnell BA. Adipose-derived stem cells for regenerative
medicine. Circulation research 2007;100:1249-60.
8.
Zuk PA, Zhu M, Ashjian P, et al. Human adipose tissue is a source of multipotent stem
cells. Molecular biology of the cell 2002;13:4279-95.
9.
Bertheuil N, Chaput B, Menard C, et al. [Adipose-derived stromal cells: history,
isolation, immunomodulatory properties and clinical perspectives]. Annales de chirurgie
plastique et esthetique 2015;60:94-102.
10.
Le Blanc K, Frassoni F, Ball L, et al. Mesenchymal stem cells for treatment of steroidresistant, severe, acute graft-versus-host disease: a phase II study. Lancet 2008;371:1579-86.
11.
Garcia-Olmo D, Herreros D, Pascual I, et al. Expanded adipose-derived stem cells for
the treatment of complex perianal fistula: a phase II clinical trial. Diseases of the colon and
rectum 2009;52:79-86.
12.
Menard C, Pacelli L, Bassi G, et al. Clinical-Grade Mesenchymal Stromal Cells
Produced Under Various Good Manufacturing Practice Processes Differ in Their
Immunomodulatory Properties: Standardization of Immune Quality Controls. Stem cells and
development 2013;22:1789-801.
13.
Galipeau J. The mesenchymal stromal cells dilemma--does a negative phase III trial of
random donor mesenchymal stromal cells in steroid-resistant graft-versus-host disease
represent a death knell or a bump in the road? Cytotherapy 2013;15:2-8.
14.
Francois M, Galipeau J. New insights on translational development of mesenchymal
stromal cells for suppressor therapy. Journal of cellular physiology 2012;227:3535-8.
15.
Kern S, Eichler H, Stoeve J, Kluter H, Bieback K. Comparative analysis of
mesenchymal stem cells from bone marrow, umbilical cord blood, or adipose tissue. Stem
Cells 2006;24:1294-301.
16.
Yang ZX, Han ZB, Ji YR, et al. CD106 identifies a subpopulation of mesenchymal
stem cells with unique immunomodulatory properties. PloS one 2013;8:e59354.
17.
Planat-Benard V, Silvestre JS, Cousin B, et al. Plasticity of human adipose lineage
cells toward endothelial cells: physiological and therapeutic perspectives. Circulation
2004;109:656-63.

9

18.
Puissant B, Barreau C, Bourin P, et al. Immunomodulatory effect of human adipose
tissue-derived adult stem cells: comparison with bone marrow mesenchymal stem cells.
British journal of haematology 2005;129:118-29.
19.
Zimmerlin L, Donnenberg VS, Rubin JP, Donnenberg AD. Mesenchymal markers on
human adipose stem/progenitor cells. Cytometry Part A : the journal of the International
Society for Analytical Cytology 2013;83:134-40.
20.
Maumus M, Peyrafitte JA, D'Angelo R, et al. Native human adipose stromal cells:
localization, morphology and phenotype. Int J Obes (Lond) 2011;35:1141-53.
21.
Li H, Zimmerlin L, Marra KG, Donnenberg VS, Donnenberg AD, Rubin JP.
Adipogenic potential of adipose stem cell subpopulations. Plastic and reconstructive surgery
2011;128:663-72.
22.
Suga H, Matsumoto D, Eto H, et al. Functional implications of CD34 expression in
human adipose-derived stem/progenitor cells. Stem cells and development 2009;18:1201-10.
23.
Scherberich A, Di Maggio ND, McNagny KM. A familiar stranger: CD34 expression
and putative functions in SVF cells of adipose tissue. World journal of stem cells 2013;5:1-8.
24.
Fina L, Molgaard HV, Robertson D, et al. Expression of the CD34 gene in vascular
endothelial cells. Blood 1990;75:2417-26.
25.
Asahara T, Murohara T, Sullivan A, et al. Isolation of putative progenitor endothelial
cells for angiogenesis. Science 1997;275:964-7.
26.
Mitchell JB, McIntosh K, Zvonic S, et al. Immunophenotype of human adiposederived cells: temporal changes in stromal-associated and stem cell-associated markers. Stem
Cells 2006;24:376-85.
27.
Rigotti G, Marchi A, Galie M, et al. Clinical treatment of radiotherapy tissue damage
by lipoaspirate transplant: a healing process mediated by adipose-derived adult stem cells.
Plastic and reconstructive surgery 2007;119:1409-22; discussion 23-4.
28.
Zimmerlin L, Donnenberg VS, Pfeifer ME, et al. Stromal vascular progenitors in adult
human adipose tissue. Cytometry Part A : the journal of the International Society for
Analytical Cytology 2010;77:22-30.
29.
Bourin P, Bunnell BA, Casteilla L, et al. Stromal cells from the adipose tissue-derived
stromal vascular fraction and culture expanded adipose tissue-derived stromal/stem cells: a
joint statement of the International Federation for Adipose Therapeutics and Science (IFATS)
and the International Society for Cellular Therapy (ISCT). Cytotherapy 2013;15:641-8.
30.
Corselli M, Chen CW, Sun B, Yap S, Rubin JP, Peault B. The tunica adventitia of
human arteries and veins as a source of mesenchymal stem cells. Stem cells and development
2012;21:1299-308.
31.
Corselli M, Crisan M, Murray IR, et al. Identification of perivascular mesenchymal
stromal/stem cells by flow cytometry. Cytometry Part A : the journal of the International
Society for Analytical Cytology 2013;83:714-20.
32.
Crisan M, Yap S, Casteilla L, et al. A perivascular origin for mesenchymal stem cells
in multiple human organs. Cell stem cell 2008;3:301-13.
33.
Crop MJ, Baan CC, Korevaar SS, et al. Inflammatory conditions affect gene
expression and function of human adipose tissue-derived mesenchymal stem cells. Clinical
and experimental immunology 2010;162:474-86.
34.
Ren G, Zhang L, Zhao X, et al. Mesenchymal stem cell-mediated immunosuppression
occurs via concerted action of chemokines and nitric oxide. Cell stem cell 2008;2:141-50.
35.
Francois M, Romieu-Mourez R, Li M, Galipeau J. Human MSC suppression correlates
with cytokine induction of indoleamine 2,3-dioxygenase and bystander M2 macrophage
differentiation. Molecular therapy : the journal of the American Society of Gene Therapy
2012;20:187-95.

10

36.
Krampera M, Cosmi L, Angeli R, et al. Role for interferon-gamma in the
immunomodulatory activity of human bone marrow mesenchymal stem cells. Stem Cells
2006;24:386-98.
37.
Schoenborn JR, Wilson CB. Regulation of interferon-gamma during innate and
adaptive immune responses. Adv Immunol 2007;96:41-101.
38.
Kraaij MD, Vereyken EJ, Leenen PJ, et al. Human monocytes produce interferongamma upon stimulation with LPS. Cytokine 2014;67:7-12.
39.
Spaggiari GM, Capobianco A, Abdelrazik H, Becchetti F, Mingari MC, Moretta L.
Mesenchymal stem cells inhibit natural killer-cell proliferation, cytotoxicity, and cytokine
production: role of indoleamine 2,3-dioxygenase and prostaglandin E2. Blood
2008;111:1327-33.
40.
Le Blanc K, Tammik L, Sundberg B, Haynesworth SE, Ringden O. Mesenchymal
stem cells inhibit and stimulate mixed lymphocyte cultures and mitogenic responses
independently of the major histocompatibility complex. Scandinavian journal of immunology
2003;57:11-20.
41.
Najar M, Raicevic G, Fayyad-Kazan H, Bron D, Toungouz M, Lagneaux L.
Mesenchymal stromal cells and immunomodulation: A gathering of regulatory immune cells.
Cytotherapy 2016;18:160-71.
42.
Consentius C, Reinke P, Volk HD. Immunogenicity of allogeneic mesenchymal
stromal cells: what has been seen in vitro and in vivo? Regenerative medicine 2015;10:30515.
43.
Glennie S, Soeiro I, Dyson PJ, Lam EW, Dazzi F. Bone marrow mesenchymal stem
cells induce division arrest anergy of activated T cells. Blood 2005;105:2821-7.
44.
Xishan Z, Baoxin H, Xinna Z, Jun R. Comparison of the effects of human adipose and
bone marrow mesenchymal stem cells on T lymphocytes. Cell Biol Int 2013;37:11-8.
45.
Chen PM, Liu KJ, Hsu PJ, et al. Induction of immunomodulatory monocytes by
human mesenchymal stem cell-derived hepatocyte growth factor through ERK1/2. J Leukoc
Biol 2014;96:295-303.
46.
Prigione I, Benvenuto F, Bocca P, Battistini L, Uccelli A, Pistoia V. Reciprocal
interactions between human mesenchymal stem cells and gammadelta T cells or invariant
natural killer T cells. Stem Cells 2009;27:693-702.
47.
Engela AU, Baan CC, Peeters AM, Weimar W, Hoogduijn MJ. Interaction between
adipose tissue-derived mesenchymal stem cells and regulatory T-cells. Cell transplantation
2013;22:41-54.
48.
Larocca RA, Moraes-Vieira PM, Bassi EJ, et al. Adipose tissue-derived mesenchymal
stem cells increase skin allograft survival and inhibit Th-17 immune response. PloS one
2013;8:e76396.
49.
Selmani Z, Naji A, Zidi I, et al. Human leukocyte antigen-G5 secretion by human
mesenchymal stem cells is required to suppress T lymphocyte and natural killer function and
to induce CD4+CD25highFOXP3+ regulatory T cells. Stem Cells 2008;26:212-22.
50.
Ciccocioppo R, Bernardo ME, Sgarella A, et al. Autologous bone marrow-derived
mesenchymal stromal cells in the treatment of fistulising Crohn's disease. Gut 2011;60:78898.
51.
Ciccocioppo R, Russo ML, Bernardo ME, et al. Mesenchymal stromal cell infusions
as rescue therapy for corticosteroid-refractory adult autoimmune enteropathy. Mayo Clinic
proceedings Mayo Clinic 2012;87:909-14.
52.
Carrion F, Nova E, Luz P, Apablaza F, Figueroa F. Opposing effect of mesenchymal
stem cells on Th1 and Th17 cell polarization according to the state of CD4+ T cell activation.
Immunology letters 2011;135:10-6.

11

53.
Najar M, Raicevic G, Boufker HI, et al. Mesenchymal stromal cells use PGE2 to
modulate activation and proliferation of lymphocyte subsets: Combined comparison of
adipose tissue, Wharton's Jelly and bone marrow sources. Cellular immunology
2010;264:171-9.
54.
Ribeiro A, Laranjeira P, Mendes S, et al. Mesenchymal stem cells from umbilical cord
matrix, adipose tissue and bone marrow exhibit different capability to suppress peripheral
blood B, natural killer and T cells. Stem cell research & therapy 2013;4:125.
55.
Franquesa M, Hoogduijn MJ, Bestard O, Grinyo JM. Immunomodulatory effect of
mesenchymal stem cells on B cells. Frontiers in immunology 2012;3:212.
56.
Fan L, Hu C, Chen J, Cen P, Wang J, Li L. Interaction between Mesenchymal Stem
Cells and B-Cells. International journal of molecular sciences 2016;17.
57.
Franquesa M, Mensah FK, Huizinga R, et al. Human adipose tissue-derived
mesenchymal stem cells abrogate plasmablast formation and induce regulatory B cells
independently of T helper cells. Stem Cells 2015;33:880-91.
58.
Luk F, Carreras-Planella L, Korevaar SS, et al. Inflammatory Conditions Dictate the
Effect of Mesenchymal Stem or Stromal Cells on B Cell Function. Frontiers in immunology
2017;8:1042.
59.
Gordon S, Lawson L, Rabinowitz S, Crocker PR, Morris L, Perry VH. Antigen
markers of macrophage differentiation in murine tissues. Curr Top Microbiol Immunol
1992;181:1-37.
60.
Ivashkiv LB. Epigenetic regulation of macrophage polarization and function. Trends
Immunol 2013;34:216-23.
61.
Martinez FO, Gordon S. The M1 and M2 paradigm of macrophage activation: time for
reassessment. F1000Prime Rep 2014;6:13.
62.
Gordon S, Pluddemann A, Martinez Estrada F. Macrophage heterogeneity in tissues:
phenotypic diversity and functions. Immunological reviews 2014;262:36-55.
63.
Kerrigan AM, Brown GD. C-type lectins and phagocytosis. Immunobiology
2009;214:562-75.
64.
Porcheray F, Viaud S, Rimaniol AC, et al. Macrophage activation switching: an asset
for the resolution of inflammation. Clinical and experimental immunology 2005;142:481-9.
65.
English K. Mechanisms of mesenchymal stromal cell immunomodulation.
Immunology and cell biology 2013;91:19-26.
66.
Sica A, Mantovani A. Macrophage plasticity and polarization: in vivo veritas. The
Journal of clinical investigation 2012;122:787-95.
67.
Chiossone L, Conte R, Spaggiari GM, et al. Mesenchymal Stromal Cells Induce
Peculiar Alternatively Activated Macrophages Capable of Dampening Both Innate and
Adaptive Immune Responses. Stem Cells 2016;34:1909-21.
68.
Braza F, Dirou S, Forest V, et al. Mesenchymal Stem Cells Induce Suppressive
Macrophages Through Phagocytosis in a Mouse Model of Asthma. Stem Cells 2016;34:183645.
69.
Kim J, Hematti P. Mesenchymal stem cell-educated macrophages: a novel type of
alternatively activated macrophages. Experimental hematology 2009;37:1445-53.
70.
Melief SM, Schrama E, Brugman MH, et al. Multipotent stromal cells induce human
regulatory T cells through a novel pathway involving skewing of monocytes toward antiinflammatory macrophages. Stem Cells 2013;31:1980-91.
71.
Nauta AJ, Kruisselbrink AB, Lurvink E, Willemze R, Fibbe WE. Mesenchymal stem
cells inhibit generation and function of both CD34+-derived and monocyte-derived dendritic
cells. J Immunol 2006;177:2080-7.

12

72.
Menard C, Tarte K. Immunoregulatory properties of clinical grade mesenchymal
stromal cells: evidence, uncertainties, and clinical application. Stem cell research & therapy
2013;4:64.
73.
Meisel R, Zibert A, Laryea M, Gobel U, Daubener W, Dilloo D. Human bone marrow
stromal cells inhibit allogeneic T-cell responses by indoleamine 2,3-dioxygenase-mediated
tryptophan degradation. Blood 2004;103:4619-21.
74.
Nemeth K, Leelahavanichkul A, Yuen PS, et al. Bone marrow stromal cells attenuate
sepsis via prostaglandin E(2)-dependent reprogramming of host macrophages to increase their
interleukin-10 production. Nature medicine 2009;15:42-9.
75.
Choi H, Lee RH, Bazhanov N, Oh JY, Prockop DJ. Anti-inflammatory protein TSG-6
secreted by activated MSCs attenuates zymosan-induced mouse peritonitis by decreasing
TLR2/NF-kappaB signaling in resident macrophages. Blood 2011;118:330-8.
76.
Prockop DJ, Oh JY. Mesenchymal stem/stromal cells (MSCs): role as guardians of
inflammation. Molecular therapy : the journal of the American Society of Gene Therapy
2012;20:14-20.
77.
Ren G, Su J, Zhang L, et al. Species variation in the mechanisms of mesenchymal
stem cell-mediated immunosuppression. Stem Cells 2009;27:1954-62.
78.
Gazdic M, Simovic Markovic B, Vucicevic L, et al. Mesenchymal stem cells protect
from acute liver injury by attenuating hepatotoxicity of liver natural killer T cells in an
inducible nitric oxide synthase- and indoleamine 2,3-dioxygenase-dependent manner. Journal
of tissue engineering and regenerative medicine 2017.
79.
Yoshimura K, Shigeura T, Matsumoto D, et al. Characterization of freshly isolated and
cultured cells derived from the fatty and fluid portions of liposuction aspirates. Journal of
cellular physiology 2006;208:64-76.
80.
Sensebe L, Gadelorge M, Fleury-Cappellesso S. Production of mesenchymal
stromal/stem cells according to good manufacturing practices: a review. Stem cell research &
therapy 2013;4:66.
81.
Aronowitz JA, Ellenhorn JD. Adipose stromal vascular fraction isolation: a head-tohead comparison of four commercial cell separation systems. Plastic and reconstructive
surgery;132:932e-9e.
82.
Shukla L, Morrison WA, Shayan R. Adipose-derived stem cells in radiotherapy injury:
a new frontier. Front Surg 2015;2:1.
83.
Daumas A, Eraud J, Hautier A, Sabatier F, Magalon G, Granel B. [Interests and
potentials of adipose tissue in scleroderma]. Rev Med Interne 2013;34:763-9.
84.
Granel B, Daumas A, Jouve E, et al. Safety, tolerability and potential efficacy of
injection of autologous adipose-derived stromal vascular fraction in the fingers of patients
with systemic sclerosis: an open-label phase I trial. Annals of the rheumatic diseases
2015;74:2175-82.
85.
Guillaume-Jugnot P, Daumas A, Magalon J, et al. Autologous adipose-derived stromal
vascular fraction in patients with systemic sclerosis: 12-month follow-up. Rheumatology
(Oxford) 2016;55:301-6.
86.
Daumas A, Magalon J, Jouve E, et al. Long-term follow-up after autologous adiposederived stromal vascular fraction injection into fingers in systemic sclerosis patients. Curr Res
Transl Med 2017;65:40-3.
87.
Laloze J, Varin A, Bertheuil N, Grolleau JL, Vaysse C, Chaput B. Cell-assisted
lipotransfer: Current concepts. Annales de chirurgie plastique et esthetique 2017.
88.
Matsumoto D, Sato K, Gonda K, et al. Cell-assisted lipotransfer: supportive use of
human adipose-derived cells for soft tissue augmentation with lipoinjection. Tissue
engineering 2006;12:3375-82.

13

89.
Yoshimura K, Sato K, Aoi N, Kurita M, Hirohi T, Harii K. Cell-assisted lipotransfer
for cosmetic breast augmentation: supportive use of adipose-derived stem/stromal cells.
Aesthetic plastic surgery 2008;32:48-55; discussion 6-7.
90.
Peltoniemi HH, Salmi A, Miettinen S, et al. Stem cell enrichment does not warrant a
higher graft survival in lipofilling of the breast: a prospective comparative study. Journal of
plastic, reconstructive & aesthetic surgery : JPRAS 2013;66:1494-503.
91.
Kolle SF, Fischer-Nielsen A, Mathiasen AB, et al. Enrichment of autologous fat grafts
with ex-vivo expanded adipose tissue-derived stem cells for graft survival: a randomised
placebo-controlled trial. Lancet;382:1113-20.
92.
Coleman SR, Saboeiro AP. Fat grafting to the breast revisited: safety and efficacy.
Plastic and reconstructive surgery 2007;119:775-85; discussion 86-7.
93.
Laloze J, Varin A, Gilhodes J, et al. Cell-assisted lipotransfer: friend or foe in fat
grafting? Systematic review and meta-analysis. Journal of tissue engineering and regenerative
medicine 2017.
94.
Tonnard P, Verpaele A, Peeters G, Hamdi M, Cornelissen M, Declercq H. Nanofat
grafting: basic research and clinical applications. Plastic and reconstructive surgery;132:101726.
95.
Raposio E, Caruana G, Bonomini S, Libondi G. A novel and effective strategy for the
isolation of adipose-derived stem cells: minimally manipulated adipose-derived stem cells for
more rapid and safe stem cell therapy. Plastic and reconstructive surgery 2014;133:1406-9.
96.
Chaput B, Bertheuil N, Escubes M, et al. Mechanically Isolated Stromal Vascular
Fraction Provides a Valid and Useful Collagenase-Free Alternative Technique: A
Comparative Study. Plastic and reconstructive surgery 2016;138:807-19.
97.
Bertheuil N, Varin A, Carloni R, Girard P, Chaput B. Mechanically Isolated Stromal
Vascular Fraction by Nanofat Emulsification Techniques. Plastic and reconstructive surgery
2017;140:508e-9e.

14

Figure 1. Analysis of stromal cells in adipose tissue by flow cytometry
After enzymatic tissue digestion and labelling of the SVF cells, MSC analysis is carried out
by an appropriate gating strategy using Kaluza software.
Each analysis involves a preliminary selection of cells with (A) exclusion of cell debris, (B) selection
of living cells, (C) singlets, (D) exclusion of hematopoietic and endothelial cells (lin: CD45 / CD11b /
CD235a) and (E) analysis of the isolated populations from a diagram CD146 / CD34.
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