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Autologous fat tissue grafting (AFTG) has been successfully used in the treatment of different sclerotic condi-
tions, including localized scleroderma. Patients with advanced systemic sclerosis (SSc)-related perioral thicken-
ing and mouth opening limitation are candidates for this therapeutic approach. AFTG of the lips was performed
to improve mouth opening in patients with SSc. We enrolled in the study 20 female patients with diffuse SSc
(median age 35+ 15 years and 11+ 10 years of disease duration). Two-milliliter fractions of autologous fat
drawn from trochanteric or periumbilical areas were injected in eight different sites around the mouth. Baseline
and after-treatment mouth opening changes were assessed by measuring interincisal distance and oral perimeter,
while skin hardness was tested by digital durometer. Pre- and posttreatment modifications of microvascular
architecture were assessed by counting capillaries in the inferior lip videocapillaroscopy (VC) images and by
scoring the microvascular density (MVD) in anti-CD34/CD31 immunohistochemical (IH) stained perioral skin
biopsy sections. Similarly, histological sections were examined to evaluate dermoepidermic junction (DEJ) mod-
ifications. Three months after treatment, both the interincisal distance and oral perimeter significantly increased
(p<0.001). At the same time, a significant skin neovascularization became evident, both considering the VC
images (p <0.001) and MVD scores in IH sections (p <0.0001). Finally, some skin histological aspects also
improved, as shown by the significant changes in DEJ flattening scores (p <0.0001). The present study sug-
gests that, in patients with SSc, AFTG can improve mouth opening and function, induce a neovascularization,
and partially restore the skin structure.
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INTRODUCTION

Systemic sclerosis (SSc) is classically included among
the autoimmune systemic disorders. Immune system
dysregulation, with T-/B-cell imbalance and production of
autoantibodies, and endothelial cell activation, with the
consequent microvascular damage, certainly play an impor-
tant role in the pathogenesis of this disorder. However,
the hallmark of the disease is mainly represented by the
activation of fibroblast lineage with overproduction of
extracellular matrix and collagen in the skin and internal
organs and by the related progressive fibrotic changes in
the involved tissues (4). In both of the two distinct vari-
ants of this disorder, that is, diffuse and limited SSc, the

involvement of the face skin is common (20). The loss of
elasticity and the thickening of the skin in the perioral area
and lips, besides the aesthetic damage, may cause a certain
degree of disability since eating solid food, drinking, and
personal or dentist care of the teeth may become difficult
(15). Besides the other cutaneous, vascular, and systemic
manifestations of SSc, this can certainly contribute to fur-
ther compromise the quality of life of the patients (22).

In recent decades, autologous fat tissue grafting (AFTG)
has been successfully used to treat a progressively larger
number of clinical conditions characterized by skin atro-
phy or fibrosis, such as radiodermitis, posttraumatic or
burning sequelae, breast reconstruction after surgery, and
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craniofacial deformities (6,8,19,32,34). More recently,
some patients affected by linear scleroderma and different
types of morphea have been treated by means of AFTG
or by transplantation of adipose-derived mesenchymal
stem cells (ATDMSCs) (10,17,18,33,35). In most of these
cases, a significant increase of skin elasticity and thicken-
ing has been reported, with both aesthetic and functional
improvement of the treated skin areas, while no serious
side effects have been observed during and after these
kinds of procedures. The advantage of using adipose tis-
sue or its derivates is the biocompatibility, with lower
morbidity in comparison with other alloplastic materials
that may lead to foreign body reactions. In addition,
transplanted adipose tissue should not be considered only
a means of filling, but also a restorative procedure for
damaged or fibrotic tissue. Recent studies have demon-
strated that adipose tissue contains a high prevalence of
multipotent cells that are able to differentiate into differ-
ent lineages and are then capable of at least partially
restoring a damaged tissue by inducing angiogenesis.
They also have anti-inflammatory and immune-modulating
properties that may play a role (14,24,28,38,41,43).

In the present study, we applied the procedure of
AFTG in the perioral region of patients with SSc who
complained of a reduced mouth opening as a conse-
quence of their disease. We evaluated whether this micro-
surgical procedure may significantly improve their mouth
opening and function. We also investigated whether this
procedure may induce some changes in the microvascular
architecture and dermal structure of the treated skin area.

MATERIALS AND METHODS

Patients

We studied 20 patients fulfilling the American College
of Rheumatology (formerly, the American Rheumatism
Association) criteria for SSc (37) and classified as having
diffuse cutaneous SSc (dcSSc) on the basis of the criteria
of LeRoy et al. (20).

All subjects were females with median age 36.5 years
(range 40 + 13 years) and had a median disease duration
of 8 years (range 10+ 6 years). All of the patients were
enrolled because of the presence of a reduced capacity
in opening their mouth (maximum interincisal distance
<55 mm) that had been causing difficulties in eating/
drinking and personal or dentist tooth care. Presence of
severe extracutaneous involvement, treatment with immu-
nosuppressive therapies (including prednisone equivalent
>10 mg) in the 3 months before enrollment time, current
pregnancy, and lactation represented the exclusion criteria.

The study was approved by the ethical committee of the
“Ospedale G. Pini, Milan, Italy,” where the study was carried
out and performed according to the criteria of the Helsinki
declaration. A written informed consent was obtained from
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all enrolled subjects to participate in the study. The patients
did not pay for their inclusion or treatment in this study.

Autologous Fat Grafting Procedure

The trochanteric area or the periumbilical abdominal
region represented the donor sites, given the easier access
to a sufficient amount of adipose tissue. Following
Coleman’s technique (9), and after the administration of
150 ml of local modified Klein solution [containing
100 ml of saline, 20 ml of mepivacaine 2% (A.L.C., Monico
SPA, Venezia, Italy), 20 ml of ropivacaine 7.5 mg/ml
(B. Braun Melsungen AG, Melsungen, Germany), 1 ml of
epinephrine (S.A.L.F. S.p.A. Laboratorio Farmacologico,
Bergamo, Italy), and 5 ml of sodium bicarbonate solution
1 mEg/ml (S.A.L.F. S.p.A. Laboratorio Farmacologico)], a
skin incision was performed in the selected area. Adipose
tissue was harvested through the same incision after local
infiltration of anesthetic solution. The cannula (Coleman
Kit 15 cm x 12 ga; Mentor™, Johnson & Johnson Com-
pany, New Brunswick, NJ, USA) used for fat sampling
was connected with a luer-lock syringe (Terumo-B.D.-
Troge, Nike S.r.l., Milan, Italy). The syringe plunger is
pulled at the top; this creates a slight negative pressure
inside the syringe, which allows the removal of adipose
tissue. After suture (Ethicon; Johnson & Johnson Com-
pany), the area was managed with an elastic—compressive
dressing (BSN Medical, Hamburg, Germany), which was
kept in place for 5 days to prevent hematoma formation.
The adipose tissue was centrifuged (Hettich EBA 20,
Seneco Science, Milan, Italy) at 700 x g for 3 min in ster-
ile conditions. Only the intermediate layer containing adi-
pocytes and stromal vascular component was used for
AFTG and then injected using a blunt cannula (Coleman
Style II, 9 cm x 17 ga; Mentor™, Johnson & Johnson
Company). Two milliliters was injected into each area
using many radiating passages at the subcutaneous level of
selected perioral regions. Six areas, three in the upper lip
and three in the lower lip (one central and two lateral for
each lip), plus one area for each opposite mouth corner
region were identified for the multiple injections (up to a
total amount of 16 ml each patient).

Clinical Outcome Evaluation

All patients were closely followed in the 2 weeks after
the AFTG to record any possible side effect. A precise
clinical assessment of the mouth opening was performed
at baseline time and 1 and 3 months after the surgical
procedure. Mouth opening capacity was evaluated by
measuring at baseline and in each follow-up time the
maximum interincisal distance and the mouth perimeter.
This latter figure was derived by the ellipse geometrical
formula, that is, 2mva2 + b2/2, where “a” is the distance
in the maximally opened mouth between upper and
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lower lip, and “b” is the distance between the opposite
lip commissures.

Three months after the treatment, the patients were
asked to fill in a simple questionnaire where their degree
of satisfaction could be expressed by a semiquantitative
score (unsatisfied, mildly/moderately satisfied, rather sat-
isfied, and very satisfied).

Skin Hardness Assessment

Skin hardness was measured using a handheld digital
durometer (Rex Gauge Type OO, Buffalo Grove, IL,
USA). Durometer measurements were expressed in stan-
dard durometer units (0—100) in a continuous scale. Three
consecutive measurements were taken in six fixed peri-
oral sites before and at 1 and 3 months after the AFTG,
with the patient in a supine position at any time of eval-
uation and maintaining the facial muscles completely
relaxed. The final measure used for the data analysis was
derived by the sum of the means of the three measure-
ments at each site.

Labial Capillaroscopy

Videocapillaroscopy (VC) of the lower lip was per-
formed using a computerized system and related software
(Videocap 200-DS Medigroup, Milan, Italy) that is used
for the nailfold VC. The VC assessment was carried out
with the patients in a sitting position, under the same con-
ditions of light intensity and room temperature (23°C) by
the same observer (D.S.) in each patient. During examina-
tion, the mucosal surface of the lower lip was maintained
perpendicular to the optical axis of the microscope. Eight
VC digital images were taken in each patient along the
vermilion border (four in the right part of the lip and four
in the left one). Applying a 200x magnification, a surface
of 1.25 mm? was taken in each image. Two independent
observers (D.S. and E.Z.) blindly assessed the VC digital
images by counting the number of visible capillary loops
in every VC field. The mean number of the capillary
loops in the eight images from each patient was then cal-
culated. The rounded mean of the two observer mean
counts represented the final value of each VC assessment
taken into account for the statistical analysis.

Histological and Immunohistochemical Examination

Skin biopsies were obtained from all of the patients in
the lip commissure area at baseline and 3 months after the
AFTG. The biopsies were fixed in 10% neutral-buffered
formalin, pH 7.2-7.4, (Diapath, Microstain Division,
Martinengo-Bergamo, Italy) and routinely processed for
paraffin embedding. Skin serial sections were obtained
from formalin blocks, and 4-um tissue sections were used
for hematoxylin (Harris’ hematoxylin nuclear staining;
Bio-optica S.p.a., Milano, Italy) and eosin (Eosin G or Y
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alcoholic solution 0.5%; Diapath, Microstain Division,
Martinengo-Bergamo, Italy) (H&E) and immunohistochem-
ical (IH) staining.

IH staining was performed by BenchMark ULTRA
automated slide stainer (Ventana, Inc., Tucson, AZ, USA),
and ultraView Universal DAB Detection Kit (Ventana,
Inc.), and by using anti-cluster of differentiation 34 (CD34)
and —anti-CD31 antibodies (provided concentration is opti-
mized for use; clone Qbend/10 and clone JC70, respec-
tively; Ventana, Inc.), as markers of endothelial cells.
Three independent pathologists blindly performed a semi-
quantitative evaluation of both h/e and IH stained sections.
Dermoepidermic junction (DEJ) flattening was scored on
H&E-stained sections as 0 = absence of flattening, 1 =mild
flattening, 2 = moderate flattening, and 3 = severe flattening.
Microvascular density (MVD) was assessed by counting
the absolute number of CD31+ and CD34+ vessels per
high-power field (HPF). Three areas per tissue section
were selected on the basis of their higher density of posi-
tive elements. The average number of CD31+, CD34+
vessels per HPF were calculated and scored as follows:
1<5/HPF; 2 = 5-10/HPF, and 3>10/HPF. For both
MDYV and DEJ evaluation, when the scores given by the
observers were all different, the median value was the one
taken into account for the statistical analysis. In the case that
two out of the three observers gave the same score, this
value was considered for statistics.

Statistical Analysis

Comparison between values at baseline time and those
at 1 and 3 months after treatment was performed by paired
t test and Wilcoxon’s test for continuous and noncontin-
uous variables, respectively. In view of the multiple com-
parisons made, only values of p <0.01 were regarded as
statistically significant. Interrater agreement between the
counts of capillaries in the VC stored images obtained by
the two observers was performed by weighted k statistics.

Data analysis was carried out using an SPSS statistical
package (version 11.0.3, IBM, Chicago, IL, USA).

RESULTS
Clinical Outcomes

All patients treated presented a favorable outcome with
improvement in subjective wellness of the skin in the
perioral areas. When the patients were asked to express
their overall personal opinion on the procedure they had
undergone and on its effectiveness, 80% (16/20) and 20%
(4/20) of them claimed to be very satisfied and rather sat-
isfied, respectively. Figure 1 shows an example of aes-
thetic changes obtained after surgical treatment. The only
complications noticed were small areas of ecchymosis,
which rapidly disappeared within the following 2 weeks.
No postsurgical local or systemic infections were recorded.
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Figure 1. Aesthetic changes in the perioral region of a patient after autologous fat grafting (AFTG). One month and, more evi-
dently, 3 months after treatment, the lip skin folds disappeared, and a complete closure of the mouth was possible, since a sponta-

neous contact between superior and inferior lip was allowed.

The maximum interincisal distance of the patients did
not significantly change from baseline at 1-month assess-
ment (mean variation —0.3, ranging from —-6.1 to 3.0,
p=ns). On the contrary, a statistically significant increase
of this measure was observed at 3 months (mean increase
2.63 mm, ranging from 0.1 to 6 mm with respect to base-
line value, paired ¢ value 7.83, p <0.001).

Similarly, after AFTG, we observed a gradual statisti-
cally significant increase in the mouth perimeter measure-
ment from baseline to 1 month (mean increase 4.6 mm,
ranging from —0.6 to 11.8 mm; paired ¢ test value 5.7,
p<0.0001) and to 3 months assessment (mean increase
9.2 mm, ranging from -2.3 to 15.4 mm; paired ¢ test
value 8.6, p <0.0001) (Fig. 2).
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When we compared patients with more drastically
reduced values of mouth perimeter at baseline time
(<126 mm) to those with less compromised mouth open-
ing (>126 mm) (respectively, 8 and 12 patients), the per-
centage of increase in perimeter values was significantly
higher in the former group (12.4% vs. 5.07%; Student’s
t test, p <0.0001).

Durometer Measurements in SSc Perioral Areas Before
and After Lipostructure

With regard to perioral skin hardness, durometer mea-
surements showed that there was no significant change
in durometer scores 1 month after AFTG. However, after
3 months, durometer scores were significantly decreased in
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Figure 2. Perimeter measures at before and after AFTG. Perimeter measures at baseline and 1 and 3 months after AFTG expressed
as absolute values (left side) and percent variations (+95% CI) from baseline (right side) are shown. A statistically significant dif-
ference was observed from baseline values to 1-month and 3-month values, and from 1-month and 3-month values (p < 0.0001;

paired ¢ values are detailed in the text).
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comparison to both the baseline and 1-month evaluation
(paired t test values 6.12 and 10.7, respectively, and
p<0.0001 in both cases).

Labial Capillaroscopy

The microvascular architecture in SSc patients was
characterized at baseline by a wide vascular disorganization
with abnormalities of the capillary loops (Fig. 3a). Three

a)
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months after AFTG, a significantly increased number of
capillaries was observed (mean increase of 14.2 capillary
loops, ranging from 4.25 to 25.0, paired ¢ test value 8.0;
p <0.0001), with an evidently more regular organization
of microvascular architecture (Fig. 3b). The interrater
agreement between the two observers who counted the
number of capillaries in VC images was very good
(weighted &k =0.905).

b)

Figure 3. Changes in labial videocapillaroscopy (VC) patterns after AFTG. (a) At baseline, a wide vascular architectural disorgani-
zation with abnormalities of the capillary loops and reduced capillary number is observed. (b) After treatment, VC images show an
increased number of capillaries with more regular organization of microcirculation.
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Histopathological Findings

Morphological evaluation of the biopsies on H&E sec-
tions showed a reduction of DEJ flattening with epider-
mal crest elongation and a noticeable reconstruction of
normal ridge pattern and dermal papillae in posttreatment
samples when compared to baseline sections (Fig. 4).

The morphological changes were confirmed by the
semiquantitative assessment. At baseline, the DEJ scores
ranged from 2 to 3 and decreased to values ranging from
0 to 2 at the 3-month observation time (Wilcoxon’s Z
value 4.02, p <0.0001).

The increase of MVD evaluated by scoring the IH
changes in skin biopsy was highly significant (Z=4.089,
p<0.0001 for CD34+* staining), with values ranging
from 1 to 2 at baseline and from 3 to 4 at the 3-month
evaluation time. Identical figures were obtained consid-
ering the CD31+-stained sections (Fig. 5).
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DISCUSSION

In this study, AFTG has been performed in the
perioral area of patients with SSc who complained of a
reduction of their mouth opening and, consequently, diffi-
culties in common daily living activities, like eating,
drinking, and taking care of their teeth. We tried to apply
this procedure taking into account previous positive thera-
peutic experiences on the treatment of other clinical con-
ditions characterized by regional skin sclerosis or atrophy,
like postirradiation dermatitis, faciocranial deformities,
postburning or postsurgical sequelae (6,8,19,32,34). The
present study demonstrates that this microsurgical proce-
dure is able to induce after 1 month but, more evidently
after 3 months, a significant improvement of the mouth
circumference and opening capacity. This increase is
more evident in patients starting from a more strongly
reduced mouth opening than in those where this measure

3 months

Figure 4. Example of ridges and dermal papillae in a pre- and posttreatment biopsy. Reconstruction of an example of ridges and
dermal papillae in a posttreatment biopsy (right) compared to baseline (left) (hematoxylin and eosin staining; original magnification:

20x, inset 4x) (patient No. 3).
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Figure 5. Increased CD34 and CD31 staining of small dermal vessels pre- and posttreatment. Increased number of cluster of differ-
entiation 31 (CD31) and CD34 immunohistochemically stained small dermal vessels in a posttreatment sample (right side of the
figure) in comparison to baseline (left side of the figure) (original magnification: 20x and 40x; patient No. 10).

was less quantitatively compromised at the enrollment
time. Furthermore, the elasticity parameters of the perioral
skin also appear to be significantly improved 3 months
after the treatment, while after the first month they are
unchanged or slightly worsened. Besides the improve-
ment in the aesthetic and functional aspects we observed,
the therapeutic procedure adopted in this study appears to
be able to induce neoangiogenesis in the lip skin, as dem-
onstrated by the evident changes of the VC and dermal
immunohistochemical features after the treatment. More-
over, an at least partial restoration of the skin structure
appears evident when the number and aspects of dermal
papillae were examined in serial biopsies of the grafted
region. Finally, it is worth noting that this minimally
invasive surgical procedure was well accepted by the
patients and did not induce any noticeable side effect.
Until now, treatment of scleroderma microstomia
includes surgical bilateral commissurotomies (7) or a non-
surgical facial stretching program approach (21,36).
Besides the advantages obtained by these nonsurgical
methods in terms of improvement of mouth opening
capacity, no data are available regarding the beneficial
effects that these procedures can induce in the cutaneous
and subcutaneous SSc-related abnormalities. In addition,
the observed functional improvement seems to be largely
dependent on the continuity and repetition of exercises.

This is the first report in which this kind of therapeutic
approach has been used to treat regional sclerotic changes
in SSc. Some cases of linear scleroderma and morphea
have been reported in which AFTG has been successfully
used (10,17,18,33). Other cases of localized scleroderma,
as well as other patients with different atrophic or scle-
rotic skin abnormalities, have been alternatively treated
by transplantation of ATDMSCs (35). Since similar
results were reported by using AFTG or ATDMSC trans-
plantation, one can argue that the two techniques could
be considered interchangeable. In addition, taking into
account the results of both previous and present reports,
one could also conclude that the effectiveness of these
procedures cannot be ascribed only to the filling effect,
which is known to have a short duration (25,26), but
rather to the activation of various biological mechanisms
(16), which could induce the morphological changes we
observed. The fact that elasticity parameters slightly wors-
ened after a month (a probable effect of the filling-related
volumetric expansion), but strongly improved after 3
months, exactly in the same time when the most signifi-
cant changes in mouth opening measures, the histological
modifications, and microvascular modifications became
more evident, seems to strongly support this assumption.
In addition, even the observation that the result of
grafting was not proportional to the baseline grade of
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reduction in mouth overture suggests that the functional
improvement we obtained is not solely related to the vol-
umetric filling effect. The long-term effects of this kind of
treatment are at the moment unknown. However, some
preliminary data at 6-month follow-up time, presently
available in a small part of the enrolled patients,
demonstrates that, although the filling effect of the proce-
dure is almost completely lost, the improvement of mouth
opening and function is substantially retained.

Different hypotheses can be raised to explain how adi-
pose tissue grafting is effective in clinical conditions like
localized and diffuse scleroderma. Recent studies demon-
strated that, in fat tissue, a stem cell population is identifi-
able within the adipose stromal compartment. This cell
population, defined as ATDMSCs, possesses many poten-
tialities that are usually recognized to be a distinctive
property of the bone marrow mesenchymal stromal cells
(BMMSCs). ATDMSCs as well as BMMSCs are multi-
potent cells able to differentiate, under predefined condi-
tions, into various cell types like adipocytes, chondrocytes,
osteoblasts, myoblasts, and endothelial cells (2). Further-
more, it has been recently demonstrated that the mesen-
chymal stem cells (MSCs) of any origin can exert potent
immunosuppressive, anti-inflammatory, and antifibrotic
effects (39), and therefore their therapeutic use has been
proposed. Preliminary investigations have been carried
out in different autoimmune diseases like multiple sclero-
sis, Crohn’s disease, systemic lupus, type 1 diabetes
mellitus, systemic vasculitides, SSc, and in graft-versus-
host disease (39,42). In addition, because of their poten-
tial angiogenic effects, MSCs have been proposed to be
useful in the treatment of various vascular ischemic con-
ditions (31).

The immunosuppressive effects of ATDMSCs have
been mainly ascribed to their ability to inhibit, via multi-
ple mechanisms, the proliferation of T- and B-cells. The
anti-inflammatory effects of these cells are probably due
to their capacity to downregulate the release of proinflam-
matory cytokines from T- and B-lymphocytes, natural
killer (NK) cells, and dendritic cells. The anti-inflammatory
effects may also be due to possible downregulation of dif-
ferent degrading enzymes like collagenase and gelatinase,
which are overexpressed in inflammatory responses (41,42).
Moreover, the antifibrotic effects of adiponectin as a counter-
regulator of fibrotic gene expression and transforming growth
factor-B (TGF-P) signaling have been recently underlined
(11). Finally, the fact that ATDMSCs are able to differen-
tiate into endothelial cells and release angiogenetic factors
supports their potential utility in promoting angiogenesis
in surrounding tissues (38).

Progressive fibrotic changes, progressive vascular archi-
tecture derangement, and loss of skin and internal organs,
like lung and heart, are undoubtedly the main and more
critical pathological manifestation in patients with SSc and
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represent the most important therapeutic challenge in the
management of this disease (4). However, treatment of
pathological processes, which are active in generating
sclerotic evolution and vascular desertification in SSc,
remains an almost completely unsolved issue. Different
therapeutic approaches have been sought by using immu-
nosuppressive, anti-inflammatory, and chelating agents,
but none of these treatments were clearly effective (29).
Even more modern approaches using different biological
agents able to interfere with key cytokines in the fibro-
blast lineage activation, like platelet-derived growth factor
(PDGF) and transforming growth factor-B1 (TGF-$1), or
new antifibrotic agents, like relaxin, or tyrosine kinase
inhibitors did not show any really proven efficacy (3,
27,30).

On the contrary, there is clear evidence that autolo-
gous stem cell transplantation (ASCT) can be an effective
therapeutic alternative in patients with dcSSc (5,12,40).
Besides the action of conditioning immunosuppressive
therapy in ablating autoimmune response and strongly
reducing fibroblast activation (1), it has been postulated
that the ASCT effectiveness can be at least in part
ascribed to the capacity of the repopulating stem cells to
induce a neoangiogenesis in the sclerotic skin (13,23).

The fact that, in the present study, the local grafting of
fat tissue in the perioral area produced a neoproliferation
of dermal capillaries and reduced the fibrotic changes
with a partial restoration of the dermal structure may open
new possibilities for the general therapeutic approach to
this disease. The consequent debate on the possibility that
the therapeutic effect of this procedure might be only
ascribed to the on-site transplantation of the ATDMSCs
or, alternatively, to the whole fat tissue grafting where—
besides the ATDMSCs—mature adipocytes and other bio-
logical mediators and growth factors are potentially active,
remains, at the moment, purely speculative.
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