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Enrichment of autologous fat grafts with ex-vivo expanded
adipose tissue-derived stem cells for graft survival:
a randomised placebo-controlled trial

Stig-Frederik Trojahn Kelle, Anne Fischer-Nielsen, Anders Bruun Mathiasen, Jens Jorgen Elberg, Roberto S Oliveri, Peter V Glovinski, Jens Kastrup,
Maria Kirchhoff, Bo Sonnich Rasmussen, Maj-Lis Meller Talman, Carsten Thomsen, Ebbe Dickmeiss, Krzysztof Tadeusz Drzewiecki

Summary

Background Autologous fat grafting is increasingly used in reconstructive surgery. However, resorption rates ranging
from 25% to 80% have been reported. Therefore, methods to increase graft viability are needed. Here, we report the
results of a triple-blind, placebo-controlled trial to compare the survival of fat grafts enriched with autologous adipose-
derived stem cells (ASCs) versus non-enriched fat grafts.

Methods Healthy participants underwent two liposuctions taken 14 days apart: one for ASC isolation and ex-vivo
expansion, and another for the preparation of fat grafts. Two purified fat grafts (30 mL each) taken from the second
liposuction were prepared for each participant. One graft was enriched with ASCs (20x106 cells per mL fat), and
another graft without ASC enrichment served as a control. The fat grafts were injected subcutaneously as a bolus to
the posterior part of the right and left upper arm according to the randomisation sequence. The volumes of injected
fat grafts were measured by MRI immediately after injection and after 121 days before surgical removal. The primary
goal was to compare the residual graft volumes of ASC-enriched grafts with those of control grafts. This study is
registered at www.clinicaltrialsregister.eu, number 2010-023006-12.

Findings 13 participants were enrolled, three of whom were excluded. Compared with the control grafts, the ASC-
enriched fat grafts had significantly higher residual volumes: 23-00 (95% CI 20-57-25-43) cm3 versus 4-66
(3-16-6-16) cm3 for the controls, corresponding to 80-9% (76-6-85-2) versus 16-3% (11-1-21-4) of the initial
volumes, respectively (p<0-0001). The difference between the groups was 1834 (95% CI 15-70-20- 98) cm3, equivalent
to 64-6% (57-1-72-1; p<0-0001). No serious adverse events were noted.

Interpretation The procedure of ASC-enriched fat grafting had excellent feasibility and safety. These promising
results add significantly to the prospect of stem cell use in clinical settings, and indicate that ASC graft enrichment
could render lipofilling a reliable alternative to major tissue augmentation, such as breast surgery, with allogeneic
material or major flap surgery.

Funding Danish Cancer Society, Centre of Head and Orthopaedics Rigshospitalet, and Moalem Weitemeyer Bendtsen.

Introduction

Autologous fat grafting is rapidly increasing in popularity
worldwide. This procedure is used in breast reconstruc-
tion after cancer treatment; in the treatment of burn
scars, congenital malformations, and post-traumatic mal-
formations; for rejuvenation; and for the treatment of
other conditions. Sustainable fillers are of the utmost
importance in reconstructive surgery. Autologous fat
is considered ideal for soft tissue augmentation
because it is biocompatible, versatile, natural-looking,
non-immunogenic, inexpensive, and readily obtainable,
with low donor site morbidity."” The major obstacle is an
unpredictable and often low graft survival, with resorption
rates ranging from 25% to 80%.*” Therefore, methods to
increase graft viability are required.

Several studies have assessed the effects of cell-
assisted lipotransfer.*” In this procedure, fat grafts are
enriched with a freshly isolated stromal vascular
fraction containing a mixed cell population that in-
cludes a minor fraction of adipose-derived stem cells
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(ASCs).® However, the reported results were not
substantially better than those obtained with trad-
itional lipofilling.®*"*

By contrast, recent animal studies have shown that fat
grafts enriched with ex-vivo expanded ASCs markedly
improved residual graft volume and histological appear-
ance.® ™ We aimed to clarify whether ASC-enrichment of
fat grafts in humans could improve graft survival and
thereby make lipofilling procedures an attractive alter-
native to tissue augmentation with allogeneic material or
major tissue flap surgery. In this study, we chose to use a
bolus injection for the following reasons: to reflect the
clinical characteristics of large-scale lipofilling, such as in
breast reconstruction after mastectomy, where the
recipient bed has very little well-vascularised tissue in
which to place a large graft; to easily determine if the
added ASCs had any effect in a setting in which un-
manipulated fat grafts are known to have very poor
survival; and to improve the ease of removal of fat grafts
at the end of the study for proper histological evaluation
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and because the participants were healthy with no need
for lipoinjections.

Methods
Study overview
This was a single-centre, triple-blind, randomised,
placebo-controlled trial undertaken at Copenhagen
University Hospital Rigshospitalet, Denmark. A flow-
chart overview of the study is shown in figure 1. A follow-
up period of 121 days was chosen because transplanted
fat resorption is steady after roughly 3 months.>*'¢

The study protocol complied with the Declaration of
Helsinki and was approved by the Danish National
Committee on Biomedical Research Ethics for Copen-
hagen, the Danish Data Protection Agency, and the Danish
Medicines Agency. The project protocol is presented in the
appendix. All patients provided written informed consent.

Patient population and randomisation

On the basis of the power calculations described below,
we planned to include 13 participants. However, to
include only the necessary number of participants, an
interim analysis was done after the first ten patients had
been assessed, as recommended by the Danish National
Committee on Biomedical Research Ethics for the Capital
Region of Denmark.

Inclusion criteria were: age 1845 years; body-mass
index 20-30 kg/m?2; the participant requested abdominal
liposuction and was considered suitable for liposuction
from a surgical point of view, as assessed by the expected
cosmetic results; and the participant provided signed
informed consent. Exclusion criteria were: known chronic
disease; smoking; previous abdominal surgery except

Baseline

13 patients had clinical
evaluation and gave
informed consent

¢—l

Day-14 13 patients had minor 13 patients had ASC
liposuction | isolation and expansion
for 14 days
Day-1 | 11 patients had first MRI*
|
Day 0 11 patients had 11 patients had graft 11 patients had second
liposuction | preparation and P MRI
implantation

Day 121

| BH 0

v

10 patients had third
MRIT

10 patients had graft
removal

Figure 1: Study overview

*Two patients excluded because of ASC disposal due to contamination of one batch of growth medium.
tOne patient excluded because of a minor complication in the surgical procedure.
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minor laparoscopic surgery; pregnancy or planned preg-
nancy within a year after the procedure; breastfeeding;
allergy to the drugs used for general anaesthesia; and
withdrawal of informed consent. Patients were excluded
during the trial if there was microbiological contamination
of either the cell culture or the transplanted tissue. All
participants included were assessed by two experts in
plastic surgery.

The posterior parts of both upper arms were chosen for
fat grafting. One arm was implanted with an ASC-
enriched fat graft and the other arm with a non-enriched
control fat graft. The allocation sequence was gener-
ated using an online randomisation generator (Www.
randomization.com) and was concealed by a person
unrelated to the trial management group and monitored
by the Good Clinical Practice unit. The participants,
study personnel, and outcome assessors were all blinded
to treatment allocation, and blinding was maintained
until all data had been analysed.

The primary outcome was residual volume based on
MRI. The secondary outcomes were: the distribution of
adipose tissue, connective tissue, newly formed con-
nective tissue, and necrosis assessed by histological
grafts examination; transplant vessel density assessed
by histological examination of the grafts; and safety and

feasibility.

Procedures

Fat tissue was harvested under local anaesthesia from
only one side of the abdomen to leave the other side
unmanipulated for the liposuction and graft preparation
procedure. In total, 50 mL of fat tissue was harvested
by standard sterile liposuction techniques as described
by Coleman."”

ASCs were isolated and culture-expanded as previously
described® using good manufacturing practice (GMP)-
grade reagents in a certified laboratory approved by the
Danish National Board of Health for clinical stem cell
expansion. Stromal vascular fraction was isolated by
collagenase (NB 6 GMP grade, SERVA Electrophoresis
GmbH, Heidelberg, Germany) digestion and seeded in
ten 1000 cm? flasks (Nunc A/S, Roskilde, Denmark) at a
density of 5000 cells per cm2 and four 75 cm? control
flasks at a density of 4-0x105 cells per cm2. After 24 h,
the non-adherent cells were discarded. The cells were
expanded in culture medium consisting of Dulbecco’s
modified Eagle’s medium (PAA Laboratories GmbH,
Pasching, Austria), 1% penicillin-streptomycin (GIBCO-
Invitrogen, Taastrup, Denmark), 2 IU/mL preservative-
free heparin (LEO Pharma, Ballerup, Denmark), and
10% pooled human platelet lysate (pHPL) for 2 weeks.
The fragment-depleted pHPL was prepared from buffy-
coats and plasma from voluntary blood donations using
a freeze-thaw procedure as described by Schallmoser
and colleagues,” with minor modifications.® Media
were changed every 3 days. After 7 days of incubation,
and again on the day of final ASC harvesting, a
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supernatant medium sample was examined for micro-
biological contamination.

ASCs were harvested in the primary passage using
TrypLE Select (Invitrogen, Taastrup, Denmark) to detach
the cells. The release criteria included a negative micro-
biological sample 7 days before harvest, viability of more
than 95%, and acceptable morphology. Phenotypic sur-
face markers were also measured. After harvest, the ASC
pellet (roughly 7-5 mL) was washed three times with
phosphate-buffered saline (BioWhittaker, Walkersville,
MD, USA) and resuspended in 1 mL saline with 1%
human albumin (CSL Behring, Lyngby, Denmark). Cells
were counted in three technical replicates using a
NucleoCounter (Chemotec, Allered, Denmark), and the
average cell count was calculated. 6-5x108 ASCs were
transferred to a 50 mL red Luer-Lok syringe (BD,
Albertslund, Denmark). An identical empty syringe was
prepared for placebo injection. We chose an ASC dose of
2000 times the physiological level based on the murine
studies of Lu and colleagues® and Zhu and colleagues,*
who used 1250 and 6000 times the physiological level,
respectively. Additionally, we estimated that this amount
would correspond to the largest cell dose obtainable in a
clinical setting for large-scale lipofilling. Syringes were
marked with the participant identification number and
the injection side according to the allocation sequence by
an independent person, thus maintaining the blinding of
study personnel.

The abdominal liposuction and upper arm lipoinjection
areas were marked with the participant in the upright
position. Fat tissue was harvested from the side of the
abdomen not previously used for fat harvest. The
procedure was done under general anaesthesia following
the principles described by Coleman."”

After injecting a wetting solution, the fat tissue was
harvested using a 3 mm diameter cannula with a blunt
tip (Byron Medical, Wokingham, Berkshire, UK), con-
nected to a 50 mL Luer-Lok syringe (BD, Albertslund,
Denmark). After centrifugation at 3000 rpm for 3 min,
the middle layer of the separated mixture, composed of
predominantly fat tissue, was used for grafting. It was
gently mixed in a bowl to evenly distribute the hetero-
geneous cell population. After syringe aspiration, classic
liposuction was done to contour the body shape. A
trained nurse transferred 34 mL of fat tissue to the
control syringe and 30 mL to the syringe containing 4 mL
of ASCs, resulting in an equal volume in both syringes.
The syringes used were 50 mL red Luer-Lok (BD,
Albertslund, Denmark). Both the ASC-enriched and non-
enriched fat tissues were mixed six times using two
50 mL syringes with a Luer-to-Luer connection. The fat
grafts were injected as a bolus, using a sharp 14-G cannula
(MediPlast, Neumiinster, Germany), subcutaneously
8 cm inferior to the anterior axillary fold and 3 cm
posterior to the posterior edge of the medial bicipital
groove. The graft location was marked by tattooing the
skin with four small dots (appendix).
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MRI was done at 3-0 Tesla (Siemens Magnetom Verio,
Erlangen, Germany) with a four-channel flex coil. Markers
were used to locate the injection site. Imaging was
done with an axial 3D-VIPE sequence (IR/TE/TE
5-64 ms/2-45 ms/3-675 ms) with a thickness of 2 mm,
245x245 mm field of view, and 320x320 matrix size.
Four T1-weighted images were calculated: in phase, out of
phase, water only, and fat only. The arm was then imaged
in the axial plane with a turbo STIR (short TI inver-
sion recovery) sequence (TR/TE/TI/number of echoes
4520 ms/38 ms/220 ms/19) with a thickness of 2 mm,
245x 245 mm field of view, and 256 x 256 matrix size.

Baseline images before transplantation, 30 min after
transplantation, and just before removal were registered

ASC

Baseline

Figure 2: MR images and delineation of the implanted grafts

Control

Baseline MR images of the target areas before implantation of (A) an ASC-enriched graft and (B) a control graft.
(C, D) Post-implantation MR images of the target area with delineation of the graft. (E, F) The same areas on
day 121 before graft removal. The inset images show the graft areas without delineation, for reference.
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Figure 3: Tissue characteristics and delineation of the transplanted tissue

Representative reference tissue samples: (A) adipose tissue; (B) newly formed connective tissue; (C) necrotic tissue;
and (D) connective tissue. Histological characterisation of the transplant and the different tissue types within the
transplant of a representative sample. (E) A graft containing newly formed connective tissue and adipose tissue.
(F) A graft containing normal connective tissue, necrotic areas, and adipose tissue. C=normal connective tissue.
N=necrotic areas. A=adipose tissue. NC=newly formed connective tissue.
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using anatomical landmarks in the subcutaneous fat. The
transplants were identified on the STIR image and out-of-
phase image. The fat transplant volumes were calculated
by drawing one or more regions of interest around the
transplanted tissue on the out-of-phase and STIR image.
The area was multiplied by the slice thickness, giving the
volume. This procedure was repeated for all slices
(figure 2). On the day of transplant removal, the transplant
locations were marked on the skin by identifying the
transplant on the out-of-phase and STIR images with
reference to the external markers. On day 121, the
transplants and the tattooed markers were removed under
local anaesthesia by dissection (appendix). The transplants
or specimens were immediately examined histologically.
To determine the surface marker expression, ASC
samples were harvested the day before the grafting pro-
cedure from the control flasks. We used a mesenchymal
stem cell phenotyping kit (Miltenyi, Bergisch-Gladbach,
Germany), which includes: a mixture of antibodies against
mesenchymal stem cell-defining surface markers;®
anti-CD73 (APC), anti-CD90 (FITC), and anti-CD105 (PE);
antibody mixture against haemopoietic cell markers
(CD14, CD20, CD34, and CDA45-PerCP); and relevant
isotype controls. We also analysed the expression of

HLA-DR using anti-HLA-DR PerCP (Miltenyi, Bergisch-
Gladbach, Germany). All antibodies were used according
to the manufacturer’s instructions. The samples were
analysed using a FACSCanto flow cytometer, and the data
were analysed with FACSDiva software v.5.0.3 (Becton-
Dickinson, Albertslund, Denmark).

Histology

The marked specimens were measured, photographed,
and cut into 3-mm slices. The slices were formalin-fixed,
paraffin-embedded, cut into 4-pm slices, mounted on
glass slides, dehydrated, and stained with haematoxylin
and eosin. The slides were scanned using a panoramic
slide scanner (3D-Histech, Budapest, Hungary). The
control evaluation was done with light microscopy
(Olympus, Ballerup, Denmark).

The following areas were measured using Panoramic
Viewer software (3D-Histech, Budapest, Hungary): total
transplant, necrosis, newly formed connective tissue,
morphologically normal adipose tissue; and connective
tissue (figure 3). An area was included if changes not
normally observed in subcutaneous tissue were seen.

Vessel density was characterised by using an Ultra-
viewer visualisation system (Ventana Medical Systems,
Tucson, AZ, USA) to count the number of vessels in
defined transplant areas, using a polyclonal immuno-
histochemical antibody against von Willebrand factor,
diluted 1:15000 (Dako, Glostrup, Denmark) according to
the manufacturer’s instructions. The results are reported
as the vessel number/mma2. The vessels were defined
as elongated configurations or clearly visible lumina,
leaving out all other stained areas.

Statistical analysis

All statistical analyses were done using SPSS 20 (IBM,
Chicago, IL, USA), and graphs were generated using
Prism 6 (GraphPad Software, La Jolla, CA, USA).
A paired Student’s ¢ test was used for all comparisons.
All data fulfilled the requirements for normality and
equal variances.” A two-sided p<0-05 was considered
statistically significant.

We calculated that a sample size of 13 participants would
be necessary to show a significant difference in residual
graft volume of 25%, with an expected standard deviation
of 20% using a study power of 90% and a significance
level of 5%. The expected values were based on a murine
model by Lu and colleagues.” An interim analysis was
done after the first ten patients had completed the study
procedures and the appropriate data had been collected.

The study is registered at www.clinicaltrialsregister.eu
(EudraCT number 2010-023006-12). The project was
monitored by the local Good Clinical Practice unit (project
number 2010-362).

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
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writing of the report. All authors had full access to all the
data after the allocation sequence code was broken. The
corresponding author had final responsibility for the
decision to submit for publication.

Results

13 healthy participants were enrolled (11 women and two
men), three of whom were excluded. One woman (the
first participant) was excluded because of a minor com-
plication in the surgical procedure wherein the trans-
plant was placed too close to the medial bicipital groove,
resulting in a temporarily compromised venous back-
flow. The transplant was removed, and the participant
recovered completely. For the rest of the participants, the
transplants were placed on the posterior part of the
upper arm. One man and one woman were excluded due
to ASC disposal during ex-vivo expansion because of
contamination of one batch of growth medium. There-
after, the manufacturing process was altered. All three
participants are in good health and remain in our
outpatient follow-up programme. The mean age of the
remaining ten participants was 28-4 (95% CI 22-0-34-8)
years. The mean body-mass index was 24-7 (95% CI
23-3-26-1).

The interim analysis revealed that the differences in
the residual graft volumes were higher than expected.
Therefore, there was no need to include additional
participants to maintain 90% power in the final analysis.
The recruitment of participants started in December
2011, and the follow-up period ended in September, 2012.

A cell pellet of around 7-5 mL was harvested from
all ten 1000 cm? flasks containing 8-58 (95% CI
7-43-9.73)x108 ASCs. A mean of 28-20 (95% CI
25-94-30-46) mL of ASC-enriched transplant, and a
mean of 28-60 (26-26-30-94) mL of the fat-alone
transplant was injected, with a difference between groups
0f 0-40 (~0-10 to 0-90) mL (p=0-78).

Apart from the first included participant, there were
no complications during the liposuction, lipofilling, and

transplant removal procedures. During the first 24 h
post-transplantation, all participants reported mild red-
ness and swelling at what seemed to be the site of the
ASC-enriched fat graft. Otherwise, there were no
adverse events.

On the MRI, the mean initial graft volumes were 28-38
(SD 3-20; 95% CI 26-10-30-67) cm3 for the ASC-
enriched grafts and 28-84 (3-08; 26-63-31-04) cm3 for
the control grafts. This corresponds well to the injected
volumes. On day 121, the residual volumes were 23-00
(95% CI 20-57-25-43) cm3 and 4-66 (3-16-6-16) cm3 of
ASC-enriched grafts and control grafts, respectively,
corresponding to 80-9% (76-6-85-2) and 16-3%
(11-1-21-4) of the initial volumes (p<0-0001). The
difference between groups was 18-34 (95% CI
15-70-20-98) cm3, equivalent to 64-6% (57-1-72-1;
p<0-0001; figure 4).

For all ex-vivo expanded cell lines used for fat grafting,
more than 95% of the cells were positive for CD90 and
CD73 expression, as defined from the isotype controls. In
seven of ten participants, more than 95% of the cells were
positive for CD105 expression, whereas in three par-
ticipants the CD105-positive cells constituted 70-85%.
Haemopoietic surface markers were weakly expressed on
2-4% of the cells of eight participants. For the cells of two
participants, the results of duplicate assays varied
considerably, with a percentage of roughly 2% in one
assay and 24% in the other assay. Additionally, 2-6% of
cells were positive for HLA-DR in all but one participant,
in whom 12% of the cells expressed HLA-DR. The cells
used for fat grafting were thus dominated by cells with a
mesenchymal stem cell phenotype.

In the ASC-enriched grafts, there was a significantly
higher amount of residual total adipose tissue compared
with the control grafts: 84-3% (95% CI 80-0-88-6)
versus 67-0% (55-2-78-8), respectively, with a difference
of 17-3% (5-1-29-6; p=0-0109). A significantly higher
amount of newly formed connective tissue was also
found in the ASC-enriched grafts than in the control

A Transplant volumes (MRI)

: ]

40— 100
p<0-0001 p<0-0001
2 £ 80
£ 30 <
g S
=2 T %
2 T <
5 207 5
& S 40
g =
+~ =3
= o 204

B 4-month residual volumes (MRI)

t to t to
ASC enriched Control

T T
Fat graft + ASC Fat graft alone

Intervention

Figure 4: Transplant volumes

(A) Transplant volumes in ASC-enriched grafts and control grafts at day 0 and day 121. The plots show the means with 95% Cls. (B) Spaghetti plot of the residual
transplant volume fractions in ASC-enriched grafts and control grafts. The mean residual volumes with 95% Cls are highlighted.
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Figure 5: Histology

Distribution of the different types of tissues and vessel density in ASC-enriched grafts and control grafts. (A) Adipose tissue. (B) Newly formed connective tissue.
(C) Necrotic tissue. (D) Connective tissue. (E) Vessel density. A-D: Percentage distribution and E: vessels/mm?. The plots show the means with 95% Cls.

Panel: Research in context

Systematic review

We searched PubMed for original studies using the following search terms:
(“mesenchymal stem cells” OR “mesenchymal stromal cells” OR “adipose stem cells” OR
"processed lipoaspirate cells” OR “pre-adipocytes” OR “stromal vascular fraction stem
cells” OR “adipose-derived stromal cells” OR “adipose tissue-derived stem cells”) AND
(“cell-assisted lipotransfer” OR “lipofilling”). We assessed the quality of the evidence by
critically reviewing the methods used in each study and by focusing on randomised
controlled trials and randomised animal studies. We did not find any randomised clinical
trials assessing the effect of ex-vivo expanded ASC-enriched fat grafts. Animal models
showed a significant improvement in graft survival and the normal histological
appearance of the transplanted tissue.*** We undertook a first-in-human blinded
randomised controlled study to assess the effects of supplemented ex-vivo expanded
ASCs on fat graft survival for large-scale reconstructive procedures.

Interpretation

We report a highly significant and substantial effect of added stem cells in this trial of
ASC-enriched fat grafting. The procedure had excellent feasibility and safety. These
promising results add significantly to the prospect of stem cell use in clinical settings and
show that ASC graft enrichment could render lipofilling a reliable procedure, since the
resorption rate, quality of tissue, and safety can be predicted. This procedure might prove
to be a viable alternative to major tissue augmentation, such as breast augmentation,
with allogeneic material or major tissue flap surgery with fewer side-effects, better safety,
and more satisfying cosmetic results.
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grafts: 5-3% (95% CI 1-7-9-0) versus 0-5% (—0-4 to 1-4),
respectively, with a difference of 4-8% (1-4-8-3;
p=0-0115). The amount of necrosis was significantly
lower in the ASC-enriched grafts than in the control
grafts: 4-6% (95% CI 2-7-6-5) versus 16-1% (8-3-24-0),
respectively, with a difference of 11-5% (3-4-19-6;
p=0-0105). With respect to morphologically normal
connective tissue, we also found a significantly lower
amount in the ASC-enriched grafts than in the control
grafts: 5-7% (95% CI 3-4-8-1) versus 16-4% (10-6-21-2),
respectively, with a difference of 10-6% (3-9-17-4;
p=0-0060; figure 5). There was no significant difference
in vessel density between the ASC-enriched grafts
and the control grafts: 20-86 vessels/mm? (95% CI
10-36-31-36) versus 26-32 vessels/mm?2 (13-55-39-08),
respectively, with a difference of 5-45 vessels/mm?
(—8-22t0 19-13; p=0-39; figure 5). No signs of malignant
transformation were seen in any of the specimens.

Discussion

Our results indicate that ASC enrichment of fat grafts
significantly improves graft survival. The high residual
volume of more than 80% is encouraging with respect to
the possible use of enriched fat grafts in reconstruc-
tive surgery. Compared with controls, the ASC-enriched
grafts displayed higher amounts of adipose tissue and
newly formed connective tissue and less necrotic tissue
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after 121 days. The newly formed connective tissue was
considered a product of the ASCs, as this tissue type is
not usually observed in subcutaneous adipose tissue.
These findings are in accordance with the fibroblast-like
appearance and the differentiation capabilities of ASCs.*
To our knowledge, this is the first clinical study assessing
the effect of lipofilling with fat grafts enriched with high-
dose ex-vivo expanded ASCs (panel).

The residual volumes in the ASC-enriched grafts were
high compared with controls and had little variance,
despite being injected as a bolus. This finding is
important when considering the potential use of ASC-
enriched fat grafts for large-scale lipofilling, since the
greater volume could broaden the indications for
lipofilling to include recipient beds with otherwise too
little well-vascularised tissue for transplant placement.”
Stromal vascular fraction-enriched fat grafts were
injected in small quantities into multiple tissue areas
(around 17-5 mL) in a recent study on facial contouring.
The survival rate was only 64-8% (SD 10-2%) for the
stromal vascular fraction-enriched grafts versus 46-4%
(9-3%) for the control grafts.? Therefore, the use of
ASC-enriched fat grafts in a similar way is expected to
lead to far more reliable and predictable results without
the need for overcorrection.

We added ASCs at a concentration roughly 2000 times
the physiological level.?* For comparison, in cell-assisted
lipotransfer, the lipoaspirate needs to be four times the
desired volume just to double the physiological ASC
concentration in the fat graft because the ASC concen-
tration in lipoaspirate is only half of the concentration in
excised adipose tissue.”

In animal studies, the beneficial effect of ASCs on graft
survival is thought to be because of improved early
vascularisation, either as the result of ASC differentiation
into endothelial cells”* or as the result of the immuno-
modulatory and trophic effects of ASCs.>?*

Unlike the murine studies by Lu,” Zhu," Chang,” and
colleagues, our study found no difference in vessel
density between the ASC-enriched and non-enriched
grafts, possibly indicating a state of vessel equilibrium at
this timepoint. In vitro, adipocytes die easily under
ischaemic conditions, whereas ASCs are activated and
remain viable for up to 72 h.” Therefore, the coimplanted
ASCs might have survived during the initial hypoxic
conditions and gradually differentiated into fat cells to
replace non-surviving mature fat cells. Future studies
should seek to test this hypothesis.

There is an ongoing debate regarding the possible
oncological risks, especially with respect to increasing
vasculogenesis, after autologous fat grafting with or
without the addition of ex vivo expanded ASCs.* With
respect to vasculogenesis, after 4 months we found no
increase in vessel density. Additionally, there are no data
indicating that malignant transformation of expanded
human mesenchymal stem cells (ASCs) occurs.*”
Furthermore, more than 1000 patients in clinical trials
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have received mesenchymal stem cells, and no serious
adverse events have been reported.”* However, long-
term follow-up of the recipients is needed.

We have described some technical problems interfering
with the present study. These problems, however, do not
affect the interpretation of the findings and are not
relevant for the clinical use of the procedure.

The ASC-enriched fat grafts retained more than 80% of
the initial bolus volume 4 months after the grafting
procedure. This result shows that ASC graft enrichment
can render lipofilling a reliable procedure, since the
resorption rate, quality of tissue, and safety can be
predicted. Therefore, the procedure could be an alter-
native to tissue augmentation, such as breast surgery
with allogeneic material or major tissue flap surgery.
Further studies should seek to apply the described
method in relevant patient populations.

Contributors

S-FTK was the principal investigator. S-FTK and ABM drafted the report,
and all authors contributed to review and revision. S-FTK, AF-N, JJE, RSO,
M-LMT, CT, BSR, JK, MK, ED, and KTD designed the study. S-FTK, AF-N,
and KTD wrote the grant applications. PVG generated the randomisation
codes and designed the study database. S-FTK, AF-N, JJE, and KTD were
responsible for recruitment. The surgical procedures were done by JJE,
KTD, S-FTK, BSR, and PVG. All cell processing and laboratory procedures
were done by S-FTK and PVG. Data collection was done by S-FTK, AF-N,
M-LMT, and CT. ABM and S-FTK analysed the data, and produced all
figures and tables. All authors have seen and approved the final version.

Conflicts of interest
We declare that we have no conflicts of interest.

Acknowledgments

This study was funded by the Danish Cancer Society (S-FTK, AF-N, and
KTD); Centre of Head and Orthopaedics, Rigshospitalet, Denmark
(S-FTK); and Moalem Weitemeyer Bendtsen Law Firm (AF-N). We thank
Louise Hansen and Robert Burdorf, Cardiology Stem Cell Laboratory,
The Heart Centre, Copenhagen University Hospital, Rigshospitalet,
Denmark, for providing assistance with the ASC isolation procedure.

References

1 Leuchter I, Schweizer V, Hohlfeld ], Pasche P. Treatment of
velopharyngeal insufficiency by autologous fat injection.

Eur Arch Otorhinolaryngol 2010; 267: 977-83.

2 Coleman SR. Structural fat grafts: the ideal filler? Clin Plast Surg
2001; 28: 111-19.

3 Sinna R, Delay E, Garson S, Delaporte T, Toussoun G. Breast fat
grafting (lipomodelling) after extended latissimus dorsi flap breast
reconstruction: a preliminary report of 200 consecutive cases.

J Plast Reconstr Aesthet Surg 2010; 63: 1769-77.

4 Delay E, Garson S, Tousson G, Sinna R. Fat injection to the breast:
technique, results, and indications based on 880 procedures over
10 years. Aesthet Surg J 2009; 29: 360-76.

5  Missana MC, Laurent I, Barreau L, Balleyguier C. Autologous fat
transfer in reconstructive breast surgery: indications, technique and
results. Eur ] Surg Oncol 2007; 33: 685-90.

6 Khouri R, Del Vecchio D. Breast reconstruction and augmentation
using pre-expansion and autologous fat transplantation.

Clin Plast Surg 2009; 36: 269-80.

7  Nishimura T, Hashimoto H, Nakanishi I, Furukawa M.
Microvascular angiogenesis and apoptosis in the survival of free fat
grafts. Laryngoscope 2000; 110: 1333-38.

8  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 Plast Surg 2008; 32: 48-55.

9  Yoshimura K, Sato K, Aoi N, et al. Cell-assisted lipotransfer for
facial lipoatrophy: efficacy of clinical use of adipose-derived stem
cells. Dermatol Surg 2008; 34: 1178-85.

1119



Articles

1120

10

11

12

13

14

15

16

17

18

19

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: 641-48.

Coleman SR, Saboeiro AP. Fat grafting to the breast revisited: safety
and efficacy. Plast Reconstr Surg 2007; 119: 775-85.

Yoshimura K, Asano Y, Aoi N, et al. Progenitor-enriched adipose
tissue transplantation as rescue for breast implant complications.
Breast ] 2010; 16: 169-75.

LuF, LiJ, Gao J, et al. Improvement of the survival of human
autologous fat transplantation by using VEGF-transfected
adipose-derived stem cells. Plast Reconstr Surg 2009; 124: 1437-46.
Zhu M, Zhou Z, Chen Y, et al. Supplementation of fat grafts with
adipose-derived regenerative cells improves long-term graft
retention. Ann Plast Surg 2010; 64: 222-28.

Chang L, Wang J, Zheng D, et al. Improvement of the survival of
autologous free-fat transplants in rats using vascular endothelial
growth factor 165-transfected bone mesenchymal stem cells.

Ann Plast Surg 2013; published online March 28. (Epub ahead

of print).

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 Eng 2006; 12: 3375-82.
Coleman SR. Structural fat grafting: more than a permanent filler.
Plast Reconstr Surg 2006; 118: 108-20.

Trojahn Kolle SF, Oliveri RS, Glovinski PV, et al. Pooled human
platelet lysate versus fetal bovine serum—investigating the
proliferation rate, chromosome stability and angiogenic potential of
human adipose tissue-derived stem cells intended for clinical use.
Cytotherapy 2013; published online April 17. DOI:10.1016/
jjcyt.2013.01.217

Schallmoser K, Bartmann C, Rohde E, et al. Human platelet lysate
can replace fetal bovine serum for clinical-scale expansion of
functional mesenchymal stromal cells. Transfusion 2007; 47: 1436-46.

20

21

22

23

24

25

26

27

28

29

30

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: 315-17.

Altman DG. Practical statistics for medical research. Oxford, UK:
Chapman & Hall/CRC, 1990.

LiJ, GaoJ, Cha P, et al. Supplementing fat grafts with adipose
stromal cells for cosmetic facial contouring. Dermatol Surg 2013;
39: 449-56.

Barret JP, Sarobe N, Grande N, Vila D, Palacin JM. Maximizing
results for lipofilling in facial reconstruction. Clin Plast Surg 2009;
36: 487-92.

Francis MP, Sachs PC, Elmore LW, Holt E. Isolating adipose-derived
mesenchymal stem cells from lipoaspirate blood and saline
fraction. Organogenesis 2010; 6: 11-14.

Hida N, Nishiyama N, Miyoshi S, et al. Novel cardiac precursor-like
cells from human menstrual blood-derived mesenchymal cells.
Stem Cells 2008; 26: 1695-704.

Yuan Y, Gao J, Liu L, Lu F. Role of adipose-derived stem cells in
enhancing angiogenesis early after aspirated fat transplantation:
induction or differentiation? Cell Biol Int 2013; published online
April 22. DOI:10.1002/cbin.10068.

Suga H, Eto H, Aoi N, et al. Adipose tissue remodeling under
ischemia: death of adipocytes and activation of stem/progenitor
cells. Plast Reconstr Surg 2010; 126: 1911-23.

Wang YY, Ren GS, Petit JY, Muller C. Oncological risk after
autologous lipoaspirate grafting in breast cancer patients: from the
bench to the clinic and back. J Craniofac Surg 2013; 24: 700-02.
Prockop DJ, Brenner M, Fibbe WE, et al. Defining the risks of
mesenchymal stromal cell therapy. Cytotherapy 2010; 12: 576-78.
Casiraghi F, Remuzzi G, Abbate M, Perico N. Multipotent
mesenchymal stromal cell therapy and risk of malignancies.

Stem Cell Rev 2013; 9: 65-79.

www.thelancet.com Vol 382 September 28,2013



	Enrichment of autologous fat grafts with ex-vivo expanded adipose tissue-derived stem cells for graft survival: a randomised placebo-controlled trial
	Introduction
	Methods
	Study overview
	Patient population and randomisation
	Procedures
	Histology
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


