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Abstract

Introduction: Scleroderma is characterized by cutaneous manifestations that mainly affect the hands, arms and
face. As of today, there is no treatment for fibrotic skin lesions of scleroderma. Previously we generated and
validated a model of scleroderma-like skin sclerosis in nude mice, appropriate to inject human derived products.
We showed that the subcutaneous injection of micro-fat (MF), purified and injected using small caliber cannulas,
have anti-fibrotic and pro-angiogenic effects and appears more suitable for the treatment of skin lesions of
scleroderma compared to the gold standard (Coleman’s technique or macro-fat). Here we compared the long-term
efficacy of micro-fat “enriched” with other therapeutic products including the stromal vascular fraction (SVF) of fat
and platelet-rich plasma (PRP) from blood in our murine model of scleroderma.

Methods: We used 72 nude mice in this study. We formed six experimental groups: Macro-fat, MF, SVF, PRP,
MF + SVF, MF + PRP. This project has three phases: i) Induction of skin sclerosis by daily subcutaneous injections of
bleomycin (BLM) for 4 weeks in nude mice; ii) Purification and injection of the different cell therapy products;
iii) Histological analyses done 8 weeks post-injections.

Results: MF + SVF and MF + PRP significantly reversed dermal and epidermal sclerosis (P <0.01). Macro-fat, SVF,
PRP only corrected the dermal sclerosis (P <0.05). Epidermal sclerosis was reduced in treatments containing MF
(P <0.01). MF was more stable. Products containing the SVF were associated with a significant increase of the local
vascularization (P <0.01).

Conclusions: All tested substances were effective in treating skin-induced lesions of scleroderma with different
levels of fibrosis and vascular improvement; MF derived products are more stable and SVF demonstrated better
pro-angiogenic effects. The observed efficacy of this combination of products in the animal model provides a
rationale for potential clinical applications to treat human disease.
Introduction
Over the years, new approaches to fat transfer – also
referred to as lipoinjection or lipofilling – have been
explored, studied extensively and refined. In 1995,
Dr Sydney Coleman developed a simple fat transfer
procedure [1], which has rapidly become the refer-
ence technique in reconstructive and cosmetic surgery.
Briefly, the procedure consists of a gentle and atraumatic
manual aspiration of the subcutaneous fat tissue, usually
in the abdomen or trochanters, using a 3 mm diameter
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suction cannula mounted on a 10 cm3 syringe. After
a short centrifugation at 1,200 g for 3 minutes to
remove the blood, oil and tissue residuals, adipose
tissue is purified and directly reinjected subcutaneously
with a 17 G cannula. Owing to its autologous origin,
adipose tissue injection appears safe.
Experience has shown that fat transfers may have a

true regenerative effect in addition to the volumizing
effect [2]. Mature adipocytes represent only 40 to 60% of
the cells of the adipose tissue. The fat also contains the
stromal vascular fraction (SVF), within which mesen-
chymal stem cells are located. Numerous studies have
characterized the nature of the SVF stem cells. These
mesenchymal-like stem cells are able to develop in vitro
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muscle, bone, cartilage, neural, epithelial, macrophage or
even hepatocyte phenotypes [3-12]. SVF also contains a
large number of fibroblasts characterized by membrane
markers CD34+ and CD90+. SVF is capable of secreting
collagen and matrix metalloproteinases and of orga-
nizing extracellular matrix [13]. In addition, SVF cells
behave as endothelial progenitors with strong angiogenic
potential [14-18]. Paracrine and autocrine effects of rein-
jected SVF cells play a major role in the dermal tissue
quality, recruiting nearby stem cells, and stimulating also
surrounding differentiated cells [19,20]. Several recent
studies have shown that fat prepared according to the
Coleman procedure mixed with the SVF increases graft
survival compared with fat alone [21-23]. This new con-
cept of fat enrichment or supercharged fat offers new
therapeutic perspectives.
However, adipose tissue obtained using the Coleman

procedure is relatively thick: it forms 1 mm diameter fat
filaments, limiting injections into subcutaneous space –
subdermal injections being relatively tricky. As a result,
an innovative technique of microinjection for adipose
tissue called microinjection has been developed in the
laboratory. The sampling and reinjection methods have
been modified to obtain micro-fat (MF), more fluid,
which can be injected through smaller needles [24].
The technique involves removal and purification of
MF by gentle suction with a 1 mm diameter micro-blunt
cannula with multiple holes mounted on a 10 cm3

syringe and by a short centrifugation at 1,200 g/minute
for 2 minutes. MF is composed of micro-adipocyte
lobules (around 500 μm) that can be reinjected through
a 21 G cannula (0.8 mm).
Scleroderma is a chronic systemic autoimmune disease

primarily of the skin (‘derma’) characterized by fibrosis
or hardening (‘sclero’), vascular alterations, and autoanti-
bodies [25,26]. Various cutaneous manifestations are
possible in scleroderma (morphea, en coup de sabre). At
present, there is no consensus treatment for skin lesions
of scleroderma and injection of adipose tissue could
represent a viable option. We previously compared the
efficacy of injection of fat prepared according to the
Coleman procedure versus MF in a nude mice model of
scleroderma [27]. We evidenced histologically that the
MF injection was more efficient than fat injection in
reducing bleomycin (BLM)-induced injury, as shown by
reduction of dermis thickness (P <0.05 with Coleman’s
technique and P <0.01 with the technique of microinjec-
tion) and improved vascularization of the deep dermis
and subcutis (P <0.01). Otherwise, these results are con-
sistent with previously reported clinical data for localized
scleroderma [28,29] as well as other skin lesions [30].
Hence, fat microinjection appeared more suitable for
injection or subdermal fibrotic tissue. However, no study
has investigated whether enriching MF with SVF could
optimize the therapeutic potential of this procedure in
scleroderma.
The use of platelet-rich plasma (PRP) represents another

attractive option for the development of combined bio-
logical therapy. Owing to its capacity to deliver various
growth factors, PRP has been investigated as a regene-
rative treatment in various conditions including nerve in-
jury, tendinitis, osteoarthritis, cardiac muscle injury, bone
repair and regeneration, plastic surgery, maxillofacial and
oral surgery [31-35]. Various in vitro studies indicate that
PRP may have beneficial impact on the regenerative po-
tential of mesenchymal stem cells [36]. However, very few
studies have examined the use of a fat mixture (prepared
according to Coleman) and PRP. In 2012, Gentile and
colleagues reported that a fat + PRP mix increases graft
survival compared with fat alone, thus maintaining a
volumizing effect in breast reconstruction [22]. No study
has been conducted on a MF + PRP mix.
This study was conducted to evaluate and compare

efficacy of these different cell therapy products – macro-fat
(Coleman’s procedure), MF, SVF, PRP, MF + SVF and
MF + PRP – in the nude mice model of skin-induced
lesions of scleroderma. A beneficial effect of fat grafting on
the sclerotic skin should have potential clinical applications
to treat human disease or other soft tissue defects.

Methods
Animals
The National Animal Care and Ethics Committee
approved the care of mice and the experimental proce-
dures (#00506.02). Based on the results of previous
work, we determined that six mice/group would be suffi-
cient to show a statistically significant difference between
the different cell therapy products. Seventy-two pathogen-
free female nude mice (6 weeks old, weight ~20 g) were
purchased from Charles River Laboratories (L’arbresle,
France). Forty-eight nude mice were used for the experi-
ment, and 24 mice as controls. The experiment was
conducted in the new A2 animal facility of the Centre
de Formation et de Recherches Expérimentales Médico-
Chirurgicales of the Faculty of Medecine of Marseilles.
Mice were acclimated for 3 weeks before any experi-
mental procedures. No mice died prematurely during
experimentation.

Bleomycin treatment
BLM treatment was specially adapted from Yamamoto’s
original protocol for nude mice [27,37]. Briefly, BLM
(Sanofi-Aventis, Paris, France) was dissolved in 0.9% so-
dium chloride saline solution at a concentration of 300
μg/ml. Forty-eight mice (9 weeks old) were injected sub-
cutaneously into three different shaved parts known to
have the same skin thickness – the interscapular region
and both flanks – with a volume of 100 μl (30 μg) BLM,
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using a 26 G cannula, 7 days per week for 4 consecutive
weeks. Mice were housed for one additional week with-
out any treatment for recovery before injections of the
different cell therapy products under general anesthesia.
In parallel, 12 mice were injected in the same sites

with 100 μl of 0.9% sodium chloride saline solution for 4
weeks and were housed for one additional week without
further treatment. Twelve supplementary naive mice for
all treatments were used as negative controls.
Skin sclerosis was evaluated at 5 and 13 weeks by histo-

logical analyses on 12 mice randomly selected from the 48
BLM-treated mice, the 12 sodium chloride-treated mice
and the 12 control mice (n = 6 for each time point).

Experimental groups
Six experimental groups of six nude mice were randomly
constituted (Table 1).

Cell therapy products
A single, healthy volunteer donor was included after in-
formed consent. All of the cell therapy products were
purified and injected on the same day. This study did
not need ethical approval for the use of human-derived
products for research, because fat was considered surgi-
cal waste and no genetic research was carried out. Fat
(according to Coleman’s method) and MF were collected
from the lateral abdomen/flank areas during an abdom-
inal dermolipectomy as described above. During the
intervention, peripheral whole blood was taken at the
elbow. The donor had no relevant diseases and was free
of any drugs known to affect platelet functions for 7 days
before the study. Standard serological tests were per-
formed on whole blood for the safety of manipulations.
All procedures were conducted under a class A microbio-
logical safety facility located in the Culture and Therapy
Unit at La Conception Hospital (Assistance Publique –
Hôpitaux de Marseille), Marseilles, France.

Coleman’s technique
Fat was aspirated gently with a manual and nontraumatic
technique, using Coleman’s blunt cannula (length 15 cm,
Table 1 Experimental conditions and composition for
each cell therapy product

Group Cell therapy products Compositions

1 Coleman (gold standard) 0.5 cm3

2 MF 0.5 cm3

3 SVF 0.5 cm3 RL + 0.0114 cm3 SVF

4 PRP 0.25 cm3 PPP + 0.25 cm3 PRP

5 MF + SVF 0.5 cm3 MF + 0.0114 cm3 SVF

6 MF + PRP 0.25 cm3 MF + 0.25 cm3 PRP

Final volume/mouse = 0.5 cm3. MF, micro-fat; PPP, platelet-poor plasma;
PRP, platelet-rich plasma; RL, Ringer’s lactate; SVF, stromal vascular fraction.
internal diameter 2.42 mm; that is, 11 G) mounted with a
10 cm3 syringe.

Stromal vascular fraction
Fat (220 cm3) was aspirated according to Coleman’s tech-
nique. SVF was purified with the Celution® system (Cytori
Therapeutics, San Diego, California, USA) following the
recommended instructions. This system has been the sub-
ject of numerous publications in the areas of myocardial
ischemia [38-41].

Micro-fat
MF (18 cm3) was aspirated with a cannula (length 15 cm,
internal diameter 1 mm; that is, 14 G) mounted with a 10
cm3 Luer Lock syringe. MF was purified after a short cen-
trifugation (1,200 × g during 3 minutes) with a microcentri-
fuge (Medilite®, Ref. 448; Thermo Scientific, Waltham,
Massachusetts, USA) to eliminate oily and bloody residues.

Platelet-rich plasma
PRP was produced according to a previously described
methodology [42]. Briefly, 68 cm3 whole blood were
collected in eight 10 cm3 tubes (Vacuette®, Ref. 455001;
Greiner Bio-One, Monroe, North Carolina, USA) with
1.5 cm3 adenosin citrate dextrose-acid solution (ACD-
A®, Ref. BDB8651; Fenwal Inc., Portland, Oregon, USA),
making 80 cm3. Another tube, coated with the ethylene-
diamine tetraacetic acid anticoagulant, was used to deter-
mine the platelet number and concentration with an
automatic cell counter (ADVIA® 2120; Siemens Diagnostic
Solutions, Malvern, Pennsylvania, USA). A first spin at
130 × g during 15 minutes and a second spin at 250 × g
during 15 minutes in eight 11 cm3 conic tubes (NUNC®,
Ref. 56423; Thermo Scientific, Waltham, Massachusetts,
USA) were performed in a standard laboratory microcen-
trifuge (Medilite®, Ref. 448; Thermo Scientific). Super-
natant or platelet-poor plasma (PPP) was removed by
gentle aspiration (approximately 1 cm3/tube). PRP pellets
were resuspended in the residual PPP and pooled. At final
measurement, we obtained a total of 8.5 cm3 concentrated
PRP. An approximately 250 μl sample was used to deter-
mine the PRP final formulation with an automatic cell
counter (ADVIA® 2120; Siemens Diagnostic Solutions).

Mixes
The MF + SVF and MF + PRP compositions are reported
in Table 1.
For each product, about 100 μl were injected into

pediatric blood culture bottles (BacT/ALERT® device;
bioMérieux, Craponne, France). Under these conditions,
we obtained controlled and optimized cell therapy prod-
ucts. All products were packaged in 1 cm3 syringes for
subsequent use. Ringer’s lactate was used to resus-
pend SVF and PPP for PRP.
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Injections
Under general volatile anesthesia (isoflurane (Forène®,
Baxter France, Maurepas, France), concentration 2.5 to
3%, flow 400 to 600 ml/minute), a 1 mm incision was
made on the external side of each thigh in view to intro-
duce a 21 G blunt cannula for the MF, SVF, PRP, MF +
SVF and MF + PRP injections. Macro-fat was injected
using the classical Coleman’s procedure. One flank was
injected with cell therapy products, whereas the other side
was injected with the suitable resuspension product
(Ringer’s lactate for SVF, and PPP for PRP) and served as
the injection control. One-half of the mice in each experi-
mental group received cell therapy products on the left
and resuspension products on the right, and the other half
received the contrary. The injection volume was 0.5 cm3

for all cell therapy products. Details of the different
injected products are presented in Table 1. The total ex-
perimental duration was 8 weeks (2 months or 56 days);
that is, mice were sacrificed at 22 weeks of age.

Histological examination
Blinded histological analyses were conducted by a skin path-
ologist. A semiquantitative evaluation was used to evaluate
cell therapy product viability during skin removal (0, no
trace of the product; +, trace of the product; ++, cell therapy
product still present). Skins were fixed in 10% formalin solu-
tion and embedded in paraffin. Then 5 μm thick sections
were stained with hematoxylin and eosin, Masson’s tri-
chrome, and orcein stainings to evaluate histopathological
changes and to detect collagen fibers in tissues, and
with toluidine blue staining to identify mast cells. Sections
were examined using a light microscope (Axiophot; Zeiss,
Oberkochen, Germany) and photographed with a digital
camera. Epidermal and dermal thicknesses were measured
quantitatively. Distances were calculated using GraphPad
software (GraphPad, La Jolla, California, USA). Six measures
were made and means were compared for each experi-
mental condition. A semiquantitative evaluation was per-
formed to evaluate vascularization (0, capillaries present in
normal number and morphology; +, increased number of
congested capillaries; ++, numerous congested capillaries).

Statistical analyses
Statistical analysis was performed on Statview software
(Statview, Cary, North Carolina, USA). Results are expressed
as mean ± standard deviation. Significance testing was per-
formed using analyses of variance. P <0.05 was considered
significant.

Results
Pathological and clinical manifestations of the skin-induced
model of scleroderma
Repetitive sodium chloride injections did not induce skin
sclerosis (data not shown). Dermis and epidermis after
injection had the same thickness as untreated mice; skin
of both flanks and the interscapular region also had the
same thickness (mean dermal thickness = 156 ± 3 μm;
mean epidermal thickness = 12 ± 1 μm; mean total skin
thickness = 168 ± 3 μm; n = 12). Epidermis was around
one-tenth of dermal thickness. Only untreated and BLM-
treated mice are represented in Figure 1.
On the contrary, daily BLM subcutaneous injections

during 1 month induced stable skin sclerosis (evaluated
at 5 and 13 weeks post BLM treatment). Macroscopic-
ally, injection sites appeared thicker and indurated to the
touch (Figure 1b, macroscopic picture). After incision, the
skin showed a whitish and bright aspect compatible with
sclerosis. Histopathological examination (hematoxylin
and eosin) showed that all BLM-treated sites developed
a stable sclerosis (mean dermal sclerosis = 198 ± 20 μm;
mean epidermal sclerosis = 20 ± 3 μm; mean total skin
sclerosis = 218 ± 20 μm; n = 12, P <0.01) (Figure 1c,d,e)
compared with healthy skin (Figure 1a). Sclerosis is
characterized by a global and homogeneous increase in
the total skin thickness (the ratio epidermal/dermal
sclerosis was one-tenth), a decrease in the amount of
subcutaneous fat tissue (Figure 1b, histological picture),
and a deposition of homogeneous materials in the thick-
ened dermis. Masson’s trichrome and orcein stainings
revealed a dense collagen network, and elastic fibers ap-
peared more abundant and dense in the thickened der-
mis in BLM-treated skin than in control skin (data not
shown). Toluidine blue staining revealed that there was
no difference in mast cell number or morphology after
BLM treatment (data not shown). These were the same
histopathological features reported previously for skin
fibrosis [27,37]. Mononuclear cells were rare or absent
in all analyzed skin, which was expected in nude mice.
At the end of BLM treatment, the body weights of the

BLM-treated mice (fifth week; that is, 14-week-old mice)
were significantly decreased (Figure 1f) compared with
untreated mice. Cytotoxic effects of BLM may contribute
to the break in the growth curve. The time course of body
weight loss continued during the experiment (13th week;
that is, 22-week-old mice) but did not affect the nude
mice viability.

Characterization and injection of the different cell
therapy products
Stromal vascular fraction
From 220 cm3 harvested fat, we obtained 5.2 cm3 SVF
with 11,530,000 cells/cm3, corresponding to 131,000 cells
injected/mouse (0.0114 cm3).

Platelet-rich plasma
From 63 cm3 blood, we obtained 8.5 cm3 PRP with a plate-
let concentration of 512 G/l and 8.5 cm3 PPP. PRP was di-
luted into PPP for injections, (0.25 + 0.25) 1.28 G/l or 0.64



Figure 1 Skin-induced sclerosis after bleomycin treatment. Because of their inherent fragility, nude mice were injected subcutaneously with
30 mg bleomycin (BLM)/site daily during 1 month (both flanks and neck). Mice injected with 0.9% sodium chloride (NaCl) saline solution presented the
same characteristics as untreated mice; only the control mice are represented. (a) Healthy skin (hematoxylin and eosin). (b) Fibrotic skin changes
observed after BLM treatment. Macroscopically, injection sites appeared thicker and indurated to the touch (macroscopic picture, red ellipses).
Histological analyses of BLM injection sites showed a global increase in skin thickness, and a decrease in the amount of subcutaneous fat tissue
(histological picture). Comparison of (c) the dermis, (d) the epidermis and (e) the total skin thickness at the end of the BLM treatment (5 weeks). Data
presented as mean ± standard deviation (**P <0.01, control mice n = 6, BLM-treated mice n = 6). (f) Time course of body weight (grams) (**P <0.01,
control mice + NaCl-treated mice n = 24, BLM-treated mice n = 48). A break in the growth curve was observed at the end of BLM treatment (fifth week)
and during all of the experiment (13th week). Bars = 250 μm. White, BLM-untreated mice; black, BLM-treated mice.
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millions of platelets injected/mouse. Table 2 presents the
PRP formulation. This formulation was similar to that
previously reported for PRP purification [42,43].
All microbiological tests returned sterile. Composition

of the different cell therapy products are presented in
Table 2 Platelet-rich plasma formulation

Blood cells Concentration Cell number/mouse

Platelets 512 G/l 1,280,000,000

Red blood cells 0.13 T/l 325,000,000

White blood cells 0.88 G/l 220,000

Lymphocytes 0,75 G/l 187,500

Monocytes 0.07 G/l 17,500

Polynuclear neutrophils 0.06 G/l 15,000

Polynuclear eosinophils 0 G/l 0

Polynuclear basophils 0 G/l 0
Table 1. Injections were made within 30 minutes after
purification. Short general anesthesia and injections were
well tolerated by animals.

Clinical changes after treatment
Globally, sclerosis treated with the different cell ther-
apy products appeared less thick and less indurated
to the touch than untreated or treated sites with the
appropriate dilution products, but this was generally
difficult to assess. After sacrifice and during skin
removal, donor fat tissue was still present in each of
the three groups that included MF-derived products
(that is, MF, MF + SVF and MF + PRP). MF formed
homogeneous fat nodules, adherent under the skin
sclerosis. We found macro-fat (Coleman’s procedure)
in only one of the six mice without adhesion to the
injured skin. On the contrary, we have found no trace
of PRP or SVF products.
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Histopathological changes after treatment
The injection of the appropriate dilution products (that
is, Ringer’s lactate for SVF, PPP for PRP, and sodium
chloride for other conditions) had no effect on sclerosis
(negative control of injections checked). These injection
control sites were used to compare the efficacy of the
different cell therapy products on sclerosis. A significant
Figure 2 Effects of the different cell therapy products. (a) Dermal, epid
as mean ± standard deviation (n = 6, six measures/mouse). (b) Graphic repr
healthy skin (no bleomycin (BLM), no treatment); grey, sclerosis control (BL
(NaCl)); black, treatments (BLM + cell therapy products). (c) Corresponding
stromal vascular fraction.
reduction of sclerosis was reported according to the
treatment. Data for dermal, epidermal, and total skin
thickness for each treatment are shown in Figure 2a.
With MF + SVF and MF + PRP we observed significant
reduction of the dermal and the epidermal sclerosis
induced by BLM treatment (P <0.01) (Figure 2b). Macro-
fat (Coleman’s procedure), SVF and PRP only corrected
ermal and total skin thicknesses were measured (μm). Data presented
esentation of the total skin thickness (*P <0.05, **P <0.01). White,
M, no treatment); dark grey, injection control (BLM + sodium chloride
histology. Bars = 500 μm. MF, micro-fat; PRP, platelet-rich plasma; SVF,
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dermal sclerosis (P <0.05). Epidermal sclerosis was re-
duced in treatments containing MF (P <0.01). In terms of
collagen and elastic fibers observed in hematoxylin and
eosin (Figure 2c) and Masson’s trichrome (data not
shown), deposits in the dermis were still present and it
was difficult to quantify and compare histologically the
efficiency of the different cell therapy products. Further
biochemical investigations should be conducted to better
evaluate the impact of the different cell therapy products
on collagen architecture and the elastic fiber density.
There was no evidence of an immune response between
the host animal and the grafted human material (either as
rejection or graft versus host reaction).
Fat graft viability
MF-derived products were still present at the end of the
experiment (Figure 3a); that is, 8 weeks post injections.
MF formed homogeneous and adherent fat nodules under
the panniculus carnosus. Figure 3b presents the biggest
MF nodule observed. With GraphPad software, we ob-
tained the two-dimensional dimensions: length 4,492 μm
and thickness 1,495 μm. We extrapolated and calculated
the approximate three-dimensional volume as around
0.03 cm3, which represents 6% of the injected initial
volume.
Evaluation of dermal blood vessels
Blood vessel appearance and density in areas treated with
MF, PRP, or MF + PRP showed no difference from control
(Figure 3a). By contrast, skin treated with either SVF alone
or the combination of SVF +MF showed a significant
increase of the vessel density (Figure 3a, P <0.01). Vessels
Figure 3 Fat graft viability and vascularization (a). (b) Example of a mi
months post injection (hematoxylin and eosin). Bars = 500 μm. Evaluation o
(c) Number of congested capillaries (mean of capillary diameters = 19.6 μm), i
and eosin, P <0.01). Bars = 200 μm.
in these groups had a congested aspect, with an estimation
of their mean diameter around 19.6 μm (Figure 3c).

Discussion
The current study demonstrated the efficacy of six dif-
ferent restorative biotherapies on skin-induced lesions of
scleroderma. MF + SVF and MF + PRP significantly re-
versed dermal and epidermal sclerosis that developed
after BLM treatment (P <0.01). Macro-fat (Coleman’s
procedure), SVF, and PRP only corrected the dermal
sclerosis (P <0.05). Epidermal sclerosis was reduced in
treatments containing MF (P <0.01). MF-derived prod-
ucts were still present 8 weeks post injections. SVF
products were associated with a significant increase of
the local vascularization. Hence, MF-derived products
were more stable and SVF demonstrated a better proan-
giogenic effect.
The regenerative effect appears to be associated with

the duration of graft viability. Once the graft was placed
in its new location, survival appeared dependent on the
growth of new blood vessels in the transplanted fat frag-
ments, resulting in a permanent correction of the treated
site. In this context, the restoration of blood flow ap-
peared essential to the survival of the graft. Grafting
techniques that do not facilitate vascular development
generally caused a partial or total loss of the adipose tis-
sue graft and only obtained a short-term effect requiring
repeated injections to obtain satisfactory results.
After sacrifice and during skin removal, we found no

trace of PRP or SVF products, leading us to suppose that
these products have been degraded. Nevertheless, PRP
and SVF are known for their proangiogenic properties
and they probably improve the environment of the graft,
cro-fat (MF) nodule (dimensions 4,492 μm× 1,495 μm) still present at 2
f the MF graft size suggested retention of ~6% of initial volume.
ncreased with stromal vascular fraction-derived products (hematoxylin
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which is crucial. Vascular networks in subcutaneous
tissue are too poor in their natural state to allow survival
and function of the transplanted graft. Indeed, PRP or
SVF cells are fragile, and even if they have proangiogenic
properties, they are not able to survive over the long
term. On the contrary, we observed that products con-
taining MF were still present 8 weeks post injections.
MF seems to offer favorable conditions for grafting
and survival of associated PRP or SVF cells. Moreover,
the number of vessels observed in the dermis was sig-
nificantly increased in the SVF or MF + SVF groups,
compared with the others. MF offers ideal conditions for
SVF cell survival and thus may improve vascular disor-
ders encountered in scleroderma. These data are similar
to the work by Fumimoto and colleagues reporting that
the creation of a rich subcutaneous vascular network
with implanted adipose tissue-derived stromal cells and
adipose tissue enhances subcutaneous grafting of islets
in diabetic mice [44]. Hence, MF and SVF could provide
superior benefits over the long term compared with
either agent alone. SVF should normalize the balance of
local profibrotic and antifibrotic factors and increase the
microvascular network, thereby improving the skin-
induced lesions of scleroderma, as suggested by the ob-
servations in this study.
It is hypothesized that when PRP is mixed with MF,

the MF immediately activates the PRP, causing platelet
degranulation and the release of cytokines and growth
factors. This may activate MF stem cells leading to re-
generative properties, and thereby allow repair of the
skin-induced lesions of scleroderma. In addition, it ap-
pears that short-term effects cannot reverse epidermal
lesions, and that long-term treatment may be required
to reverse epidermal lesions. The final consideration for
graft survival is the immune system response. To bypass
the problem of histocompatibility, we used nude immu-
nodeficient mice. Extrapolation to human studies is
therefore limited.
Several open issues remain unanswered. Optimal dosing

is unclear and minimal data have been published in this
area. Another issue inherent to preparation of PRP prod-
ucts is that there are many techniques available, in terms
of preparation (centrifugation speed, use of anticoagulant)
and content (platelets, leukocytes, growth factors) for PRP
applications. All these aspects are discussed in the litera-
ture but there is no consensus on the optimal approach.
To add to the complexity, PRP content varies from one
individual to another and within the same individual over
the time, leading to contrasting in vivo effects. For this
reason, the development of autologous formulations with
a controlled platelet count, and consequently a controlled
bioactive factor release, appears necessary [43]. In the
present study, we injected 0.64 million platelets and
131,000 cells from the SVF per mouse. Evaluation of
different doses to determine the optimal PRP formulation
to use in vivo is warranted.
These data represent preliminary results. Biochemical

assays (collagen, growth factors), mass spectrometry, im-
munological assays (cytokines) and proliferative tests of
fibroblasts would be a logical next step to better under-
stand the mechanisms involved in the observed tissue
regeneration.
Separately, PRP and SVF have short-term effects,

implying that repeated injections would be necessary to
obtain satisfactory results. MF and derived products are
capable of long-term viability, limiting the number of
injections. We highlighted the interest of MF + SVF and
MF + PRP mixtures compared with the MF, SVF and
PRP separately for treating skin-induced lesions of sclero-
derma. Based on the study results, we cannot discriminate
the efficacy of MF + SVF compared with MF + PRP. The
only difference is that MF + SVF treatment contains more
blood vessels than MF + PRP, suggesting a superior proan-
giogenic property and consequently a superior envi-
ronment for graft survival. The use of these different
regenerative products was the potential for a viable option
to improve the treatment of soft tissue defects, such as
scleroderma observed in human patients.
At present, there is no consensus regarding treatment

for skin lesions of scleroderma. Mild forms are treated
with corticosteroids for a short period (to limit the side
effects associated with prolonged corticosteroid therapy).
Therapeutic abstention may also be an alternative, given
the lack of evidence of the effectiveness of a particular
treatment. Immunosuppressive medications are consid-
ered for severe or systemic forms, but have very limited
efficiency on the skin lesions. No antifibrotic treatment
is known to improve skin fibrosis in this disabling disease,
and thus far there is no drug that specifically reverses
the microvascular injury or acts on both components
together.
Fat grafting has proven to be efficient and well toler-

ated in the treatment of localized forms of scleroderma
such as en coup de sabre scleroderma [45], but it has
never been used to treat scleroderma skin lesions. Hand
lesions are also a major problem in this disease, involving
phenomena of vascular origin (ischemia), fibrotic skin
lesions (scarring skin of the fingers and backs of hands)
and subcutaneous calcinosis. This symptomatology has
major functional consequences (pain, loss of function) and
integumentary (sclerodactyly, ulcer, infection and gan-
grene). For scleroderma involving the hands, the volumiz-
ing effect is not desired and only the trophic effect is
necessary to justify the injection of autologous SVF. The
SVF is a pure condensed form of multipotent stem cells,
and combined with their mechanical properties (fluidity,
small amount) the cells appear suitable for treatment of
fingers. The current results provide a rationale for a clinical
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study of fat-derived products for patients with sclero-
derma skin lesions, particularly those involving the hands.

Conclusions
The current study demonstrates the efficacy of six differ-
ent restorative biotherapies on skin-induced lesions of
scleroderma. MF + SVF and MF + PRP significantly re-
versed dermal and epidermal sclerosis developed after 1
month of BLM treatment (P <0.01). Macro-fat (Coleman’s
procedure), SVF, and PRP only corrected the dermal scler-
osis (P <0.05). Epidermal sclerosis was reduced in treat-
ments containing MF (P <0.01). MF-derived products
were still present 8 weeks post injections. SVF products
are associated with a significant increase in the local
vascularization. Hence, MF-derived products are more
stable and SVF demonstrated a better proangiogenic
effect. The observed efficiency of these combination prod-
ucts in the animal model provides a rationale for potential
clinical applications to treat human disease.

Abbreviations
BLM: bleomycin; MF: micro-fat; PPP: platelet-poor plasma; PRP: platelet-rich
plasma; SVF: stromal vascular fraction.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
NS participated in the design and coordination of the study, performed
injections and the statistical analysis, and drafted the manuscript. LB and
LA-M carried out the histopathological analyses. DC performed the
lipo-aspiration. JM, JV, LG, HA and OB participated in the purification and the
packaging of the different cell therapy products. PSN, DO-A and GM
performed injections. AD, BG, FS and GM conceived the study, and participated
in its design and coordination and helped to draft the manuscript. All authors
read and approved the final manuscript.

Acknowledgments
The authors are grateful to the Fondation de l’Avenir (n° ET9-534 and
ET3-685) and the French Research Group on Scleroderma (GFRS) for financial
support. They thank the animal house staff, especially Dr Maria-Erica Lopez,
Thierry Cheyrol and Michel Skandalowski from the Centre de Formation et
de Recherches Expérimentales Médico-Chirurgicales of the Faculty of
Medicine of Marseilles for animal care, the staff of the Culture and Therapy
Unit of La Conception Hospital (Assistance Publique – Hôpitaux de Marseille)
for their great experience, and the anatomopathology platform of CHU Nord
(Assistance Publique – Hôpitaux de Marseille) for access to and the quality of
microscopy pictures and analyses. They also thank Dr Charles-Eric Bornet
from the Central Pharmacy of La conception Hospital (Assistance Publique –
Hôpitaux de Marseille) for providing the BLM. Finally, the authors thank all
participants for their constructive comments and assistance, for their help
with figures, and for critical reading of the manuscript.

Author details
1Department of Plastic and Reconstructive Surgery, CHU La Conception
(AP-HM), 147, Boulevard Baille, 13005 Marseille, France. 2Department of
Anatomopathology, CHU Nord (AP-HM), Chemin des Bourrely, 13015
Marseille, France. 3Culture and Therapy Unit, CHU La Conception (AP-HM),
147, Boulevard Baille, 13005 Marseille, France. 4CIC Biotherapy, INSERM
CBT510, 147, Boulevard Baille, 13005 Marseille, France. 5Department of
Internal Medicine, CHU La Timone (AP-HM), 264, Rue Saint-Pierre, 13005
Marseille, France. 6Department of Internal Medicine, CHU Nord (AP-HM),
Chemin des Bourrely, 13015 Marseille, France. 7Vascular Research Center of
Marseille, INSERM UMRS-1076, Aix-Marseilles University, 27, Boulevard Jean
Moulin, 13385 Marseille, France.
Received: 27 July 2014 Revised: 11 December 2014
Accepted: 12 December 2014 Published: 17 December 2014

References
1. Coleman SR: Long term survival of fat transplants: controlled

demonstrations. Aesthetic Plast Surg 1995, 19:421–425.
2. Coleman SR: Structural fat grafting: more than a permanent filler.

Plast Reconstr Surg 2006, 118:108S–120S.
3. Erickson GR, Gimble JM, Franklin DM, Rice HE, Awad H, Guilak F:

Chondrogenic potential of adipose tissue-derived stromal cells in vitro
and in vivo. Biochem Biophys Res Commun 2002, 290:763–769.

4. Mizuno H, Zuk PA, Zhu M, Lorenz HP, Benhaim P, Hedrick MH: Myogenic
differentiation by human processed lipoaspirate cells. Plast Reconstr Surg
2002, 109:199–209. discussion 210–211.

5. Safford KM, Hicok KC, Safford SD, Halvorsen YD, Wilkison WO, Gimble JM,
Rice HE: Neurogenic differentiation of murine and human adipose-
derived stromal cells. Biochem Biophys Res Commun 2002, 294:371–379.

6. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, Mizuno H, Alfonso ZC,
Fraser JK, Benhaim P, Hedrick MH: Human adipose tissue is a source of
multipotent stem cells. Mol Biol Cell 2002, 13:4279–4295.

7. Charrière G, Cousin B, Arnaud E, André M, Bacou F, Penicaud L, Casteilla L:
Preadipocyte conversion to macrophage: evidence of plasticity. J Biol
Chem 2003, 278:9850–9855.

8. Bacou F, el Andalousi RB, Daussin PA, Micallef JP, Levin JM, Chammas M,
Casteilla L, Reyne Y, Nouguès J: Transplantation of adipose tissue-derived
stromal cells increases mass and functional capacity of damaged skeletal
muscle. Cell Transplant 2004, 13:103–111.

9. Seo MJ, Suh SY, Bae YC, Jung JS: Differentiation of human adipose
stromal cells into hepatic lineage in vitro and in vivo. Biochem Biophys
Res Commun 2005, 328:258–264.

10. Rodriguez LV, Alfonso Z, Zhang R, Leung J, Wu B, Ignarro LJ: Clonogenic
multipotent stem cells in human adipose tissue differentiate into
functional smooth muscle cells. Proc Natl Acad Sci U S A 2006,
103:12167–12172.

11. Moseley TA, Zhu M, Hedrick MH: Adipose-derived stem and progenitor
cells as fillers in plastic and reconstructive surgery. Plast Reconstr Surg
2006, 118:121S–128S.

12. Schäffler A, Büchler C: Concise review: adipose tissue-derived stromal cells
– basic and clinical implications for novel cell-based therapies [review].
Stem Cells 2007, 25:818–827.

13. Vermette M, Trottier V, Ménard V, Saint-Pierre L, Roy A, Fradette J:
Production of a new tissue-engineered adipose substitute from human
adipose-derived stromal cells. Biomaterials 2007, 28:2850–2860.

14. Planat-Benard V, Silvestre JS, Cousin B, André M, Nibbelink M, Tamarat R,
Clergue M, Manneville C, Saillan-Barreau C, Duriez M, Tedgui A, Levy B,
Pénicaud L, Casteilla L: Plasticity of human adipose lineage cells toward
endothelial cells: physiological and therapeutic perspectives. Circulation
2004, 109:656–663.

15. Rehman J, Traktuev D, Li J, Merfeld-Clauss S, Temm-Grove CJ, Bovenkerk JE,
Pell CL, Johnstone BH, Considine RV, March KL: Secretion of angiogenic
and antiapoptotic factors by human adipose stromal cells. Circulation
2004, 109:1292–1298.

16. Miranville A, Heeschen C, Sengenès C, Curat CA, Busse R, Bouloumié A:
Improvement of postnatal neovascularization by human adipose
tissue-derived stem cells. Circulation 2004, 110:349–355.

17. Nakagami H, Morishita R, Maeda K, Kikuchi Y, Ogihara T, Kaneda Y: Adipose
tissue-derived stromal cells as a novel option for regenerative cell
therapy. J Atheroscler Thromb 2006, 13:77–81.

18. Valina C, Pinkernell K, Song YH, Bai X, Sadat S, Campeau RJ, Le Jemtel TH,
Alt E: Intracoronary administration of autologous adipose tissue-derived
stem cells improves left ventricular function, perfusion, and remodelling
after acute myocardial infarction. Eur Heart J 2007, 28:2667–2677.

19. Nakagami H, Maeda K, Morishita R, Iguchi S, Nishikawa T, Takami Y, Kikuchi
Y, Saito Y, Tamai K, Ogihara T, Kaneda Y: Novel autologous cell therapy in
ischemic limb disease through growth factor secretion by cultured
adipose tissue-derived stromal cells. Arterioscler Thromb Vasc Biol 2005,
25:2542–2547.

20. Miyahara Y, Nagaya N, Kataoka M, Yanagawa B, Tanaka K, Hao H, Ishino K,
Ishida H, Shimizu T, Kangawa K, Sano S, Okano T, Kitamura S, Mori H:
Monolayered mesenchymal stem cells repair scarred myocardium after
myocardial infarction. Nat Med 2006, 12:459–465.



Serratrice et al. Stem Cell Research & Therapy 2014, 5:138 Page 10 of 10
http://stemcellres.com/content/5/6/138
21. Li J, Gao J, Cha P, Chang Q, Liao Y, Liu C, Li K, Lu F: Supplementing fat
grafts with adipose stromal cells for cosmetic facial contouring.
Dermatol Surg 2013, 39:449–456.

22. Gentile P, Orlandi A, Scioli MG, Di Pasquali C, Bocchini I, Curcio CB, Floris M,
Fiaschetti V, Floris R, Cervell V: A comparative translational study: the
combined use of enhanced stromal vascular fraction and platelet-rich
plasma improves fat grafting maintenance in breast reconstruction.
Stem Cells Transl Med 2012, 1:341–351.

23. Liu B, Tan XY, Liu YP, Xu XF, Li L, Xu HY, An R, Chen FM: The adjuvant use
of stromal vascular fraction and platelet-rich fibrin for autologous
adipose tissue transplantation. Tissue Eng Part C Methods 2013, 19:1–14.

24. Nguyen PS, Desouches C, Gay AM, Hautier A, Magalon G: Development of
micro-injection as an innovative autologous fat graft technique: the use
of adipose tissue as dermal filler. J Plast Reconstr Aesthet Surg 2012,
65:1692–1699.

25. Abraham DJ, Varga J: Scleroderma: from cell and molecular mechanisms
to disease models [review]. Trends Immunol 2005, 26:587–595.

26. Gabrielli A, Avvedimento EV, Krieg T: Scleroderma [review]. N Engl J Med
2009, 360:1989–2003.

27. Ould Ali D, Hautier A, Daumas A, Andrac-Meyer L, Bardin N, Magalon G,
Granel B: Bleomycin-induced scleroderma in nude mice can be reversed
by injection of adipose tissue: evidence for a novel therapeutic intervention
in systemic sclerosis. J Clin Exp Dermatol Res 2012, 3:164.

28. Oh CK, Lee J, Jang BS, Kang YS, Bae YC, Kwon KS, Jang HS: Treatment of
atrophies secondary to trilinear scleroderma en coup de sabre by
autologous tissue cocktail injection. Dermatol Surg 2003, 29:1073–1075.

29. Ramon Y, Fodor A, Ullmann Y: Deep phenol peeling and fat injection:
treatment option for perioral wrinkles in a scleroderma patient.
Dermatol Surg 2005, 31:777–779.

30. Rigotti G, Marchi A, Galiè M, Baroni G, Benati D, Krampera M, Pasini A,
Sbarbati A: Clinical treatment of radiotherapy tissue damage by
lipoaspirate transplant: a healing process mediated by adipose-derived
adult stem cells. Plast Reconstr Surg 2007, 119:1409–1422.
discussion 1423–1424.

31. Magra M, Maffulli N: Nonsteroidal antiinflammatory drugs in
tendinopathy: friend or foe. Clin J Sport Med 2006, 16:1–3.

32. Sariguney Y, Yavuzer R, Elmas C, Yenicesu I, Bolay H, Atabay K: Effect of
platelet-rich plasma on peripheral nerve regeneration. J Reconstr
Microsurg 2008, 24:159–167.

33. Kon E, Filardo G, Delcogliano M, Presti ML, Russo A, Bondi A, Di Martino A,
Cenacchi A, Fornasari PM, Marcacci M: Platelet-rich plasma: new clinical
application: a pilot study for treatment of jumper’s knee. Injury 2009,
40:598–603.

34. Sheth U, Simunovic N, Klein G, Fu F, Einhorn TA, Schemitsch E, Ayeni OR,
Bhandari M: Efficacy of autologous platelet-rich plasma use for
orthopaedic indications: a meta-analysis [review]. J Bone Jt Surg Am 2012,
94:298–307.

35. Everts PA, Hoogbergen MM, Weber TA, Devilee RJ, van Monftort G,
de Hingh IH: Is the use of autologous platelet-rich plasma gels in
gynecologic, cardiac, and general, reconstructive surgery beneficial?
Curr Pharm Biotechnol 2012, 13:1163–1172.

36. Rubio-Azpeitia E, Andia I: Partnership between platelet-rich plasma and
mesenchymal stem cells: in vitro experience. Muscles Ligaments Tendons J
2014, 4:52–62.

37. Yamamoto T, Takagawa S, Katayama I, Yamazaki K, Hamazaki Y, Shinkai H,
Nishioka K: Animal model of sclerotic skin. I: Local injections of
bleomycin induce sclerotic skin mimicking scleroderma. J Invest Dermatol
1999, 112:456–462.

38. Fraser JK, Schreiber RE, Zuk PA, Hedrick MH: Adult stem cell therapy for
the heart [review]. Int J Biochem Cell Biol 2004, 36:658–666.

39. Strem BM, Zhu M, Alfonso Z, Daniels EJ, Schreiber R, Beygui R, MacLellan
WR, Hedrick MH, Fraser JK: Expression of cardiomyocytic markers on
adipose tissue-derived cells in a murine model of acute myocardial
injury. Cytotherapy 2005, 7:282–291. Erratum in Cytotherapy 2006, 8:89.

40. Fraser JK, Schreiber R, Strem B, Zhu M, Alfonso Z, Wulur I, Hedrick MH:
Plasticity of human adipose stem cells toward endothelial cells and
cardiomyocytes. Nat Clin Pract Cardiovasc Med 2006, 3:S33–S37.

41. Schenke-Layland K, Strem BM, Jordan MC, Deemedio MT, Hedrick MH,
Roos KP, Fraser JK, Maclellan WR: Adipose tissue-derived cells improve
cardiac function following myocardial infarction. J Surg Res 2009,
153:217–223.
42. Bausset O, Giraudo L, Véran J, Magalon J, Coudreuse JM, Magalon G,
Dubois C, Serratrice N, Dignat-George F, Sabatier F: Formulation and
storage of platelet-rich plasma homemade product. Biores Open Access
2012, 1:115–123.

43. Magalon J, Bausset O, Serratrice N, Giraudo L, Aboudou H, Véran J,
Magalon G, Dignat-Georges F, Sabatier F: Characterization and comparison
of 5 platelet-rich plasma preparations in a single-donor model.
Arthroscopy 2014, 30:629–638.

44. Fumimoto Y, Matsuyama A, Komoda H, Okura H, Lee CM, Nagao A,
Nishida T, Ito T, Sawa Y: Creation of a rich subcutaneous vascular network
with implanted adipose tissue-derived stromal cells and adipose tissue
enhances subcutaneous grafting of islets in diabetic mice. Tissue Eng Part
C Methods 2009, 15:437–444.

45. Karaaltin MV, Akpinar AC, Baghaki S, Akpinar F: Treatment of ‘en coup de
sabre’ deformity with adipose-derived regenerative cell-enriched fat
graft. J Craniofac Surg 2012, 23:e103–e105.

doi:10.1186/scrt528
Cite this article as: Serratrice et al.: New fat-derived products for treating
skin-induced lesions of scleroderma in nude mice. Stem Cell Research &
Therapy 2014 5:138.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Animals
	Bleomycin treatment
	Experimental groups
	Cell therapy products
	Coleman’s technique
	Stromal vascular fraction
	Micro-fat
	Platelet-rich plasma
	Mixes

	Injections
	Histological examination
	Statistical analyses

	Results
	Pathological and clinical manifestations of the skin-induced model of scleroderma
	Characterization and injection of the different cell therapy products
	Stromal vascular fraction
	Platelet-rich plasma

	Clinical changes after treatment
	Histopathological changes after treatment
	Fat graft viability
	Evaluation of dermal blood vessels

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

