
The Survival Condition and Immunoregulatory Function
of Adipose Stromal Vascular Fraction (SVF) in the Early
Stage of Nonvascularized Adipose Transplantation
Ziqing Dong, Zhangsong Peng, Qiang Chang, Feng Lu*

Department of Plastic and Cosmetic Surgery, Nanfang Hospital, Southern Medical University, Guang Zhou, Guang Dong, P.R , China

Abstract

Introduction: Adipose tissue transplantation is one of the standard procedures for soft-tissue augmentation,
reconstruction, and rejuvenation. However, it is unknown as to how the graft survives after transplantation. We thus
seek out to investigate the roles of different cellular components in the survival of graft.
Materials & Methods: The ratios of stromal vascular fraction (SVF) cellular components from human adipose tissue
were evaluated using flow cytometry. Human liposuction aspirates that were either mixed with marked SVF cells or
PBS were transplanted into nude mice. The graft was harvested and stained on days 1,4,7 and 14. The inflammation
level of both SVF group and Fat-only group were also evaluated.
Results: Flow cytometric analysis showed SVF cells mainly contained blood-derived cells, adipose-derived stromal
cells (ASCs), and endothelial cells. Our study revealed that most cells are susceptible to death after transplantation,
although CD34+ ASCs can remain viable for 14 days. Notably, we found that ASCs migrated to the peripheral edge
of the graft. Moreover, the RT-PCR and the immuno-fluorescence examination revealed that although the SVF did
not reduce the number of infiltrating immune cells (macrophages) in the transplant, it does have an immunoregulatory
function of up-regulating the expression of CD163 and CD206 and down-regulating that of IL-1β, IL-6.
Conclusions: Our study suggests that the survival of adipose tissue after nonvascularized adipose transplantation
may be due to the ASCs in SVF cells. Additionally, the immunoregulatory function of SVF cells may be indirectly
contributing to the remolding of adipose transplant, which may lead to SVF-enriched adipose transplantation.
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Introduction

Free-fat grafting has become one of the standard procedures
for soft-tissue augmentation, reconstruction, and rejuvenation.
It is safe and easy to perform, does not leave scars on donors
or recipient sites, and it does not result in cross-infection or
foreign-body reaction [1–3]. However, the major limitation of
free-fat grafting is the replacement of fibrotic tissues resulting
from fat absorption and fat necrosis. This may also lead to the
shrinkage of adipose tissues over time [4].

Adipose stromal-vascular fraction (SVF) contains adipose-
derived stromal cells (ASCs) [5,6]. According to previous
studies, adipose SVF cells can increase the survival of
ischemic tissues like ischemic hindlimbs, random skin flaps,
and acutely infarcted myocardium [7–9]. SVF cells may
improve tissue outcomes by increasing vascularity and the

secretion of growth factors which improve tissue survival. Blood
vascular endothelial cells (ECs) in SVF cells also play a role in
angiogenesis and are incorporated into new vessels through
dynamic reassemblies [10]. Some reports have also
demonstrated the anti-inflammatory role of SVF cells in
changing the micro-environment [11,12]. However, the survival
condition and the mechanisms of both mature adipocytes and
SVF cells after transplantation have not been well studied.

The goal of the present study was to clarify the survival
condition and cellular events after nonvascularized adipose
tissue transplantation. Therefore, we focused on the early
stage (1 to 14 days) after grafting, analyzed the viability of each
cellular component of adipose tissue in vitro, and investigated
the immunoregulatory capacity of SVF cells in the fat graft.
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Methods

Ethics Statement
To obtain SVF cells, human adipose tissue collection and

cell harvests were approved by the Southern Medical
University human subject board (IRB approval no.15402). All
patients and healthy subjects received an explanation about
the scope of the study, such as objectives, procedures and
potential risks, and signed an informed consent statement
before inclusion in the study.

The animal experimental protocols were approved by the
Southern Medical University Laboratory Animal Administration
Committee and performed according to the Southern Medical
University Guidelines for Animal Experimentation. All efforts
were made to minimize suffering.

Human Cell Isolation
Abdominal human liposuction aspirates were obtained from

seven healthy females who have no systemic disease. Their
body mass indexes (BMI) were between 23.5 and 25.2 kg m-2

with a mean age of 32.4±4.8 years. Lipoaspirates were washed
with phosphate buffered saline (PBS) and then centrifuged at
430 g for 5 minutes. After oil was removed, the lipid phase of
the lipoaspirate from the top of the conical tube was harvested
and divided into two parts: one for cell culture and the other for
ensuring transplantation. The adipose tissue was digested in
0.075% collagenase (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) at 37°C for 30 minutes on a shaker. Mature
adipocytes and connective tissue were separated from pellets
by centrifugation (800 g for 10 minutes) and then discarded.
The pellets were re-suspended in phosphate-buffered saline
and filtered through a 200μm mesh followed by centrifugation
(800 g for 10 minutes) to spin down stromal vascular fraction
cell pellets.

Flow Cytometry
Characterization of SVF was performed by fluorescence-

activated cell sorting (FACS) analysis. The staining of cells with
fluorescein isothiocyanate–conjugated anti-human mouse
antibodies included anti-CD31, anti-CD34, and anti-CD45 (BD
Biosciences, San Jose, California, USA). Multicolor flow
cytometry was performed with an LSR II (BD Biosciences), and
cell composition percentages were calculated according to data
of surface marker expression profiles.

Hoechst 33342 Staining of SVF Cells
SVF cells were labeled with Hoechst 33342 (Sigma,

Missouri, USA) according to the manufacturer’s
recommendations. Cells in suspension were then immediately
incubated with Hoechst 33342 at a concentration of 20 μg/ml in
PBS for 15 minutes at 37°C and then washed thrice.

Animal Models
Animals were cared for in accordance with our institutional

guidelines. 28 nude mice of Health SPF level (provided by
experimental animal center, Nanfang Medical University),
weighing 15-18g at age 4-6 weeks (gender unregarded) were

used as free fat transplantation models. 0.5ml of prepared
human lipoaspirates were mixed with 5×106 marked SVF cells
suspended with 10ul PBS. The mixture was injected into the
subcutaneous tissues on the left flank of the nude mouse using
a 1 ml syringe with standardized blunt tipped 14 gauge
infiltration cannula (SVF group). 0.5ml of fat mixed with 10ul
PBS was injected into the right flank of the nude mouse as the
fat only group. At 1, 4, 7 and 14 days after fat transplantation,
the grafts were excised with CO2 and analyzed as described
below. No animals died in this study.

Whole-Mount Staining of Grafted Fat Tissue
Visualization of Grafted Fat Tissue was performed using the

procedure of Hitomi Eto et al [13]. Accordingly, the adipose
tissue was cut into 0.5-1 mm pieces and incubated with the
following reagents for 60 minutes: BODIPY 558/568-
conjugated phalloidin (Molecular Probes, Eugene, Ore.) to
stain adipocytes, Alexa Fluor 488-conjugated isolectin GS-IB4
(Molecular Probes) to stain endothelial cells, Hoechst 33342 to
stain all nuclei (only for co-stain with F4/80), Alexa Fluor 488-
conjugated anti-mouse F4/80 (Biolegend, California, USA), or
Alexa Fluor 488-conjugated anti-human CD34 (Biolegend,
California, USA). The sample was then washed and observed
directly with a confocal microscope system (Leica TCS SP2;
Leica Microsystems GmbH, Wetzlar, Germany). Eight to ten
images acquired with every 3-μm interval were used for
reconstructing three-dimensional images.

Hoechst positive cells in SVF group were counted, and the
total percentage of surviving SVF cells was referred to as the
quantity of mixed cells (5×106 cells). The survival of different
cell lineage was measured by counting double-positive for
Hoechst and lineage specific markers. The number of each cell
population per unit volume was then calculated. Four field
images of each sample were analyzed.

Quantitative real-time PCR
The total RNA was extracted from both fat graft and SVF

cells-assisted fat graft using the RNeasy kit (Qiagen,
Germany). DNase treatment was conducted during the RNA
extraction using RNase-Free DNase Set (Qiagen, Germany) to
avoid genomic DNA contamination. Furthermore, no template
control (NTC) was run in each experiment. cDNA was
synthesized using multiscribe reverse transcriptase (Applied
Biosystems, CA, USA). Quantitative RT-PCR for each gene
was performed using the TaqMan method (50 °C for 2 min, 95
°C for 10 min, and 40 cycles of 95 °C for 15 sec and 60 °C for 1
min) with Premade Primer sets (Applied Biosystems, CA,
USA). We used the standard curve method for the quantitative
analysis of quantitative RT-PCR. The standard curve was
drawn from the Ct values of the samples. The expression
levels of each sample were determined using the standard
curve. Reverse-transcriptase polymerase chain reaction was
conducted with primers designed for this study (Table 1). The
relative abundance of the transcripts was optimized based on
the expression of GAPDH mRNA.
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Statistical Analysis
The data is expressed as mean ± SEM. A repeated

measures analysis of variance was used to analyze the results.
Furthermore, if statistical significance was reached, paired
Student’s t-test of two groups in one time point and one-way
analysis of variance (ANOVA) of one group in four time points
was performed. A value of P < 0.05 was considered significant.

Results

SVF Cell characterization
Freshly isolated SVF from human aspirated adipose tissue

contains all types of cells in adipose tissue except mature
adipocytes. Based on flow cytometric analysis; SVF cells
contained 28.1±2.4% CD45+ cells (blood-derived cells),

28.9±2.0 % ASCs (CD45-/CD31-/CD34+), 12.7±2.9 %
endothelial cells (CD45-/CD31+/CD34+) and 10.7±2.1 % other
cells (fibroblasts and mural cells) (n = 7) (Figure 1).

Viability of Adipocytes in Transplanted Tissue
The graft was harvested (day 1, 4, and 7) and immuno-

stained in order for phalloidin to stain mature adipocytes. On
day 1, most adipocytes in the graft could still maintain the
round shape. The number of irregularly shaped adipocytes
significantly increased by day 4, and nearly all adipocytes lost
their round shape by day 7 (Figure 2) except those on the
peripheral edge. This phenomenon appeared in both groups in
our study and suggests that the majority of mature adipocytes
died after the transplantation.

Table 1. Primer Sequences for Real-Time Reverse-Transcriptase Polymerase Chain Reaction.

Gene(mouse) Forward Reverse
CD163 5’-TGCCAAACCGTGGAGTCACA-3’ 5’-CGCTGAATCTGTCGTCGCTT-3’
CD206 5’-TCCCTGCCTGTTTCTCCAACCA-3’ 5’-TAAGCTTCGGCTCGTCAGCA-3’
IL-1β 5’-TGCACTACAGGCTCCGAGAT-3’ 5’-GTGGGTGTGCCGTCTTTCAT-3’
IL-6 5’-ACAACCACGGCCTTCCCTACTT-3’ 5’-AGCCTCCGACTTGTGAAGTGGT-3’
GAPDH 5’-GGCCTCCAAGGAGTAAGAAA-3’ 5’-RGCCCCTCCTGTTATTATGG-3’

doi: 10.1371/journal.pone.0080364.t001

Figure 1.  Flow cytometric analysis of SVF cells derived from human aspirated adipose tissue.  A: Representative plotted
data. CD45+ cells were hematopoietic cells (derived mainly from peripheral blood), whereas CD45- cells were adipose tissue-
derived cells. CD45-/CD31-/CD34+ cells, CD45-/CD31+/CD34+ cells, and CD45-/CD34- cells were regarded as ASCs, ECs, and
other cells (such as fibroblasts and mural cells) respectively.
doi: 10.1371/journal.pone.0080364.g001
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The total retention of marked SVF cells
The graft from SVF group was extirpated (day 1, 4, 7, or 14)

and prepared for whole-mount staining. Detection of Hoechst
33342 throughout the experiment (day 1, 4, 7, or 14) revealed
no positive Hoechst-signal in Fat-only group as expected.
Conversely, the presence of Hoechst positive cells was
demonstrated at all the time-points analyzed in all transplants
from SVF group (n=7) although their number decreased over
time (Figure 3, A). Quantification of marked SVF cells indicated
the retention decreased from day 1 (82.3±12.2%) after
transplantation, sharply at day 4 (30.4±17.0%), and further at
later time-points (day 7: 15.4±9.1%, day 14: 8.2±3.7%) (Figure
3, B).

ECs in SVF may promote angiogenesis through
dynamic reassembly

The SVF cells within the graft of SVF group could be divided
into two parts, one was the Hoechst marked SVF and the other
was un-marked SVF derived from the tissue. Immunostaining
with Lectin depicts survival condition of all the ECs within SVF
cells. ECs positive for Hoechst were considered as the ones
from marked SVF (white arrowheads) (Figure 4, A), while those
negative for Hoechst were from the graft (yellow arrowheads).
The number of all the ECs decreased over time after
transplantation. Remarkably, ECs are hardly detectable by the
seventh day after transplantation, and the surviving marked
SVF cells were almost non-endothelial cells (red arrowheads)
(Figure 4, A).

Interestingly, we observed a few ECs (from marked SVF and
un-marked SVF) and non-endothelial SVF cells could form cell
cords (Figure 4, B, middle) on day 4. Additionally, ECs also
formed the blood vessel lumen structure (Figure 4, B, right).

After counting the number of Hoechst-positive ECs, we
calculated the retention of marked ECs with the percentage of
the FACS data on SVF cells isolated from adipose tissue. SVF
cells were composed of 12.7% ECs (on average), which means
there were 5×106×12.7% ECs in each graft. The retention could
be calculated by using the ratio of surviving marked ECs
density to the previously marked ECs density for each graft.
The retention ratios for ECs went down sharply from day 1
(71.7±19.6%) to day 4 (12.1±10.1%), and decreased further at
day 14 (0.9±2.3%) (Figure 4, C).

ASCs in SVF can survive the ischemic condition and
migrate to the peripheral edge

The number of CD34 positive cells from SVF decreased over
time. However, almost all the survived SVF cells were CD34
positive by day 7. The non-CD34 positive cells (red
arrowheads) could not be detected after day 4 (Figure 5, A).

Because ECs are also CD34 positive, we counted the
number of CD34 and Hoechst double positive cells and then
subtracted the number of marked ECs from the same sample
as the number of ASCs. Using this method, we calculated the
retention ratios of ASCs. By quantification, the retention of
ASCs significantly decreased from day 1 (79.3±18.5%) to day 4
(42.5±17.5%), but there was no significant decrease after day 4
(day 7: 27.6±12.0%, day 14: 26.5±13.8%) (Figure 5, C).

The location of CD34 positive cells demonstrated a definitive
change over time. During the initial four days, the CD34 cells
distributed evenly throughout the graft. By day 14 the CD34 cell
density increased from the peripheral region (red dotted line).
Some even crossed the peripheral edge (white arrowhead).
There was no significant decrease of the CD34 cell number
after day 4, suggesting these cells might have migrated to the
peripheral edge (Figure 5, B).

Figure 2.  Whole-Mount Staining of adipocytes within the graft.  The cultured adipose tissue was fixed at each time point and
stained for phalloidin (viable adipocytes; red). Scale bars=50μm.
doi: 10.1371/journal.pone.0080364.g002
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SVF cells can regulate immune response in the early
stage of transplantation

Immunostain demonstrated the infiltration of macrophages
(F4/80 positive cells) (white arrowheads) in both groups (Figure
6, A). The number of macrophages in the grafts increased from
day 1 to day 14 in the SVF group. As for the fat only group, the
number increased from day 1 to day 7, and then slightly
decreased at day 14. Statistical analysis was performed

between the two groups at each time point (*p < 0.05).
Interestingly, the numbers of infiltrated macrophages had no
significant difference between the SVF group and fat only
group (Figure 6, B).

The tissue mRNA expression of CD163 and CD206 from
both groups increased from day 1 to day 14. Statistical analysis
showed that SVF group had a higher expression level of
CD163 (day 7 and day 14) and CD206 (day 14) (*p < 0.05). As

Figure 3.  Immunohistology of the surviving marked SVF cells in graft between 1-14 days post-transplantation.  A: Cells
were detected at all time-points by Hoechst 33342 fluorescent (blue) staining (white arrowheads). Scale bars = 100μm. B:
Quantification of surviving (Hoechst-positive) SVF cells (n = 7). The total surviving rate of SVF cells decreased sharply on day 1,
followed by a further decrease over time. Statistical analysis was performed among the four time points (*p< 0.05).
doi: 10.1371/journal.pone.0080364.g003
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for the IL-1β and IL-6, all the expression levels increased from
day 1 to day 14, except the IL-6 level of the fat only group
which decreased slightly from day 7 to day 14. Interestingly,
statistical analysis showed that the SVF group had a lower
expression level of IL-1β (day 7 and day 14) and IL-6 (day 7)
(*p < 0.05) (Figure 7).

Discussion

Several studies have focused on the therapeutical effect of
SVF cells and ASCs in wound healing and ischemic diseases
[7–9]. SVF and ASCs could improve tissue outcomes by
increasing vascularity and increasing the secretion of growth
factors that improves tissue survival. YOSHIMURA first
reported that the assisting of SVF could enhance angiogenesis
and improve the survival rate of graft [14]. In a recent in vitro
study of showed that ECs and other cells in the graft died after

Figure 4.  Immunohistology of ECs in the graft.  A: Lectin and Hoechst double positive cells were regarded as marked ECs
(white arrowheads), otherwise (Lectin-positive only) as which were from the graft (yellow arrowheads), and Hoechst-positive only
cells were identified as marked non-endothelial cells (red arrowheads). Scale bars = 50μm. B: A few marked ECs (white
arrowheads), un-marked ECs (yellow arrowheads) (left) and those non-endothelial SVF cells (red arrowheads) could form cell cords
(middle) on day 4. Scale bars = 20μm. Moreover, ECs from marked SVF cells formed blood vessel structure (right). Scale bars =
10μm. C: Quantification of surviving (Hoechst/Lectin-double positive) marked ECs (n = 7). The retention ratios for ECs fell off
sharply from day 1 to day 4, which decreased further at day 14 (*p< 0.05).
doi: 10.1371/journal.pone.0080364.g004

Figure 5.  Immunohistology of the ASCs.  A: The number of ASCs (CD34 positive) cells from both marked SVF cells (white
arrowheads) and un-marked (yellow arrowheads) decreased over time. Almost all the survived SVF cells were CD34 positive by day
7, non-CD34 positive SVF cells (red arrowheads) can’t be detected after day 4. B: The CD34 positive cells migrated to the
peripheral edge (red dotted line) over time, some of them even crossed the peripheral edge (white arrowhead). Scale bars = 50μm.
C: Quantification of surviving marked ASCs (n = 7). C: The retention of marked ASCs significantly fell from day 1 to day 4 then
made no significantly change till day 14 (*p< 0.05).
doi: 10.1371/journal.pone.0080364.g005
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the transplantation, only ASCs survived [15]. In this study, we
use the nude mice model to investigate the fate of different cell
lineages in SVF cells and their immunoregulatory function in
the early stages after nonvascularized adipose transplantation.
Our findings can be summarized as follows: 1) most mature
adipocytes and ECs necrosis during the ischemia at the early
stage of transplantation, only the CD34+ ASCs survived; 2)
part of the survived ASCs and ECs could incorporate into the
vascular structures; 3) survived ASCs could migrate to the
edge of the graft; 4) SVF cells did not reduce the immune cells
(macrophages) infiltration, but showed an immunoregulatory

capacity of up-regulating the expression of CD163 and CD206
and down-regulating IL-1β and IL-6 expression (Figure 8).

In the early stages of adipose transplantation, inadequate
blood supply would result in acute hypoxia of the implanted
adipose tissues. In an acute ischemia model, a significant
decrease in the fat pad pO2 was seen after ligating its feeding
vessels arising from the femoral artery [16]. Nonvascularized
adipose transplants obtain nutrients and oxygen through
plasmatic diffusion from surrounding tissues until
vascularization is restored. In Figure 2, the phalloidin staining
showed that the majority of transplanted mature adipocytes

Figure 6.  Immunohistology of the macrophages in the graft.  A: Immunostain demonstrated the infiltration of macrophages
(F4/80 positive cells) (white arrowheads) in both groups. Scale bars = 50μm. B: Quantification of number of macrophages in the
transplants increased from day 1 to day 7 in both groups, then it fell slightly on day 14. And the numbers of infiltrated macrophages
(n = 7) had no significant difference between the SVF group and Fat-only group (*p< 0.05).
doi: 10.1371/journal.pone.0080364.g006
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died under ischemic condition within seven days regardless of
the addition of SVF cells. Thus, the results do not support the
cell survival theory. The regeneration of transplants may play
the key role after transplantation. Moreover, the increase of the
SVF cell density does not result in a better survival of mature
adipocytes in our study, though it has been reported that SVF
could increase the vessel density of the graft [14].

To further investigate the survival of SVF cells in adipose
grafts, we used marked SVF cells mixed with human adipose
tissue to simulate the normal condition of SVF cells in
nonvascularized adipose transplants. Unexpectedly, in our
study, the total survival rate of SVF cells is only 8.2% on day
14, suggesting that most SVF cells died under ischemic
condition. The Lectin staining also showed ECs do not survive
the ischemia for over four days. In the study of Y.J. Koh et al.,
ECs from SVF play a key role in angiogenesis by incorporating
itself into new vessels through dynamic reassembly [10]. In
vitro and in vivo studies have demonstrated the differentiation

capacity of SVF into endothelial [17] and smooth muscle cells
[18].. In our study, although the SVF cells especially ECs can
form cell cords and blood vessel lumen in the early stages,
they are very few in number. On the other hand, most newly
formed functional vessels in the graft are from the host.

In this study, we detected that only CD34+ cells from SVF
but mature adipocytes could survive the ischemia after
transplantation. These CD34+ cells are mainly located near the
blood vessels in the adipose tissue [19]. Though it has been
proved that the CD34+ ASCs could improve angiogenesis
through secreting growth factors [20] , the CD34+ ASCs may
have other role during grafting. Some data indicate that CD34+
cells are more proliferative than CD34- cells [21]. Another study
showed that adipose stem cells are contained in the CD34+
cell population, and they are able to produce lipid-droplet
formation activity under adipogenic culture condition [22].
Taken together, these evidences suggested that CD34+ ASCs

Figure 7.  The mRNA expression in the transplants.  The expression of CD163 on day 7 and day 14, and CD206 on day 14 was
significantly higher in SVF group. However, the expression of IL-1β was lower in SVF group on day 7 and day 14. IL-6 expression
was lower in SVF group at day 14 too. All groups n= 6 (*p< 0.05).
doi: 10.1371/journal.pone.0080364.g007
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might enhance the retention rate of the graft by neo-
adipogenesis after transplant.

We also found that the number of ASCs decreased sharply
from day 1 to day 4 after transplantation, and the number
remained almost unchanged until later phases of transplant.
There were different sub-populations in ASCs. Ludovic
Zimmerlin et al. suggested that the outer adventitial stromal
ring (designated supra adventitial-adipose stromal cells, SA-
ASC) was CD146-/α-SMA-/CD90+/CD34+/CD31-, and the
CD146+/CD90+/CD34+/CD31- pericyte subset might be
transitional between pericytes and SA-ASC [23]. The rapid
decline in ASCs number may be accounted for by the selection
of ischemia. Some specific cell populations that could survive
the ischemia in the early stage of the transplantation will
become the main functional cell population in the later stage.

Migration of cells through tissue is well-described. A recent
report by Scott T and colleagues demonstrated a novel finding
of ASC migrating from the engraftment point in the flap across
a wound interface into the surrounding native tissue when
injecting rat ASCs into ischemic flaps [24]. In our study, the
ASCs migrated from the engraftment position in the graft into
the peripheral region, and some of them even crossed the

edge. This unexpected finding suggests that these cells
migrate from a hypoxic region to an oxygenated region, which
raises the possibility that ASCs in the graft respond to a signal
from an existing blood vessel lying in peripheral region of the
transplant. This finding suggests that ASCs in the graft may
join the adipose tissue proliferation process after
transplantation through the migration mechanism.

Another potential role of SVF cells in tissue repair is immune
regulation. It is known that macrophages originate from
circulating monocytes. At the site of inflammation, recruited
blood monocytes transmigrate across the endothelium and
differentiate into macrophages. The two generally classified
activation states of macrophages are M1 and M2 [25]. The
classic M1 polarization state, defined as pro-inflammatory
macrophages, initiates the inflammatory reaction by secreting
high levels of pro-inflammatory cytokines (TNF-α, IL-6, IL-12,
etc.). In contrast, the M2 state, or anti-inflammatory
macrophages, secretes high levels of anti-inflammatory
cytokines (IL-4, IL-10, TGF-β, etc.) and pro-angiogenic factors
(bFGF, VEGF, etc.), thus terminating the inflammatory process.
M2 macrophage is also known as the pro-angiogenic
macrophage [26–28]. In general, macrophages facilitate the

Figure 8.  Conclusion of the findings.  A: At the early stage of transplantation, most mature adipocytes and ECs necrosis during
the ischemia, only the CD34+ ASCs could survive. B: Part of the survived ASCs and ECs could incorporate into the vascular
structures. C: Survived ASCs would migrate to the edge of the graft. D: SVF cells did not aid in reduction of the immune cells
(macrophages) infiltration, but showed an immunoregulatory capacity of up-regulating the expression of CD163 and CD206 and
down-regulating IL-1β and IL-6 expression.
doi: 10.1371/journal.pone.0080364.g008
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removal of apoptotic and necrotic cells and coordinate tissue
repair such as angiogenesis and scar formation. In autologous
tissue transplantation, M2 macrophages can benefit tissue
repair [29]. In this study, our results support that SVF cells do
not reduce the total number of infiltrating immune cells
(macrophages) in the graft after the transplantation but
increases the ratio of M2 macrophages. This may be explained
by the anti-inflammatory function of SVF cells.

Premaratne et al. demonstrated that SVF therapy can reduce
inflammatory factors such as TNF-α, IL-6 in chronic ischemic
myocardium [11]. Donizetti-Oliveira reported that ASC
treatment prevents renal disease mostly because of the
inflammatory response which increases the expression of anti-
inflammatory factors IL-4, IL-10 [12]. Once recruited into
VEGF-expressing tissues, monocytes differentiate into M2-like
macrophages and regulate both angiogenesis and vascular
patterning by producing pro-angiogenic factors (including
VEGF-A) and extracellular matrix (ECM) -remodelling enzymes
[30]. Linde et al., concluded that the enhanced production of
VEGF-A, together with IL-4 and IL-10, might promote infiltration
of M2-polarized macrophages [31]. Thus, SVF cells could
stimulate monocytes/macrophages to transform into angiogenic
and anti-inflammatory M2 macrophages, and these M2
macrophages will improve graft survival in the later stage after
adipose transplantation.

Taken together, the key finding of our present study indicates
that ASC is the only cell type that survives the ischemia during
the early stage of transplant, which signifies that these cells
play a key role in the following regeneration progress.
Therefore, increasing the retention of the ASCs in cell-assisted
fat grafting appears to be of particular importantance. Recently,
Gomez-Mauricio RG and his colleagues developed
semipermeable membrane microcapsules labeled with
Endorem (magnetocapsules) that provide mechanical and
immunological immune protection to the ASCs while
maintaining internal cell microenvironment while injected in vivo
[32]. If this method works, the particles may also help to
improve the therapeutic results in ASC-assisted fat grafting.

There are also some limitations of this study. Firstly,
unisolated SVF cells in adipose tissue are surrounded by ECM

which protects the cell components. However, in our study, the
marked SVF cells were isolated from adipose tissue, thus the
lack of ECM may not stimulate the survival condition. Secondly,
this study only explored the possible functions of the ASCs in
the transplant, though some researchers suggest that certain
circulating cells derived from bone marrow could also be the
adipose precursor cells [33,34]. Thirdly, although the nude
mouse xenograft model was widely used in studies of adipose
tissue/ASCs transplantation [35–37], there are still limitations.
The nude mouse is a laboratory mouse from a strain with a
genetic mutation that causes a deteriorated or absent thymus,
resulting in an inhibited immune system due to a greatly
reduced number of T cells. Nonetheless, inflammation is
proved to be important in adipose regeneration, and T cells
also play an important role in it [38,39]. The lack of T cell might
decrease the level of the whole inflammatory reaction, although
there is no further research to prove it. In summary, in our next
study to further explore the regeneration of adipose tissue after
transplantation, the C57BL/6J mice/green fluorescent protein
(GFP) positive mice (C57BL/6J genetic background) adipose
tissue exchange model could be used.

Conclusions

This report demonstrates that the cell population which
survives the ischemia after nonvascularized adipose tissue is
ASCs and not the mature adipocytes nor ECs in adipose
tissue. Furthermore, SVF cells could increase the ratio of the
infiltrated M2 macrophages, and the immunoregulatory function
of SVF cells might be beneficial to the adipose transplantation
through an indirect mechanism. It might be possible to utilize
these properties to enhance vascularization of autologous and
engineered constructs.
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