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Adipose-Derived Stem Cells Promote Angiogenesis
and Tissue Formation for In Vivo Tissue Engineering

Ken Matsuda, MD,1,2,* Katrina J. Falkenberg, BSc (Hons),1,* Alan A. Woods, PhD,1 Yu Suk Choi, PhD,1,2

Wayne A. Morrison, MD, FRACS,1–3 and Rodney J. Dilley, PhD1,2,4

Adult mesenchymal stem cells secrete a variety of angiogenic cytokines and growth factors, so we proposed that
these paracrine mechanisms may be used to promote vascularization and growth for tissue engineering in vivo.
We tested whether or not human adipose-derived stem cells (ASCs) promote tissue formation in rats. ASCs were
evaluated in vitro for mRNA expression of angiogenic factors, including the vascular endothelial growth factor,
basic fibroblast growth factor, interleukin-8 (IL-8), and stromal cell-derived factor-1 (SDF-1) and proliferative
activity on human microvascular endothelial cells. For in vivo analysis, CM-DiI-labeled ASCs were implanted with
a rat cardiac extracellular matrix (ECM) extract-derived hydrogel into a chamber with a femoral arteriovenous loop
in the groin of male nude rats for 7 days. Vascularization in newly generated tissue was estimated by histo-
morphometry after endothelial nitric oxide synthase (eNOS) immunostaining. ASCs expressed growth factor
mRNA and produced an angiogenic activity in vitro. After implantation, ASCs survived, but remained suspended
in the ECM and relatively few were incorporated into the newly formed tissue. The volume of newly generated
tissue was significantly higher in chambers containing ASCs and it was enriched with vasculature when compared
with the ECM alone. We conclude that human ASCs promote tissue growth and angiogenesis in the rat vascu-
larized chamber, thereby showing promise for tissue-engineering applications for regenerative therapy.

Introduction

Aparacrine mechanism has been postulated for some of
the beneficial effects of mesenchymal stem cell (MSC)

therapy in cardiac tissue regeneration settings,1–3 in part,
through promotion of angiogenesis.4,5 MSCs from a range of
sources have been shown to express and release several
important angiogenic growth factors and cytokines, includ-
ing the vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF).6 Moreover, the conditioned
medium from MSCs, which contains these angiogenic fac-
tors, promotes angiogenesis in vitro and in vivo.4,5,7 MSCs
may also differentiate8–10 or integrate into vascular compo-
nents and potentially stabilize their structure during network
development.8–10

Regulation of the paracrine activity in adult stem cells is
not well understood, but may represent an important ele-
ment of endogenous repair mechanisms. Defining how local
factors regulate stem cell paracrine function will clearly be
important for optimizing cell therapy applications and ma-
nipulation of this capacity of stem cells in cell therapies could

optimize healing and survival of damaged tissue. In partic-
ular, stem cell therapy applications may provide a suitable
means for continuous local delivery of angiogenic factors
over extended periods.11 The delivery of stem cells and their
angiogenic activities to regions of tissue repair may result in
angiogenesis and improvement of repair, or it may prove
useful to harness these beneficial effects of stem cells for
in vivo tissue-engineering applications. The advancement of
tissue engineering as a regenerative therapy relies on rapid
vascularization of ex vivo formed tissue constructs by the host
vasculature,12 or as we have shown previously in various
tissue settings, assembly of a large construct with vasculature
in situ13–15 or ectopically for later transplantation.16 MSCs may
prove beneficial to promote rapid assembly and growth of a
vasculature to support tissue-engineering outcomes in vivo.

The aim of this study was to test the hypothesis that im-
planting MSCs regulates angiogenesis in tissue engineering
in vivo. For this purpose, we have used a previously char-
acterized17 adipose-derived stem cell (ASC) population. We
have confirmed that endothelial growth is stimulated by
their conditioned medium in vitro, and then examined their
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role in promoting vascularization and tissue growth during
in vivo tissue engineering. In a previous study, we identified
the angiogenic activity when ASCs were implanted in a
growth factor-rich hydrogel scaffold (Matrigel) together with
cardiomyocytes.9 In the current study, we used an alginate
scaffold with no added growth factors, as well as a novel
cardiac muscle-derived hydrogel based on alginate to assess
whether cell–matrix interactions influence MSC angiogenic
activity and tissue formation.

Materials and Methods

Cell culture

ASCs were isolated from human subcutaneous adipose
tissue as described previously.6,9,17 Fat tissue samples were
collected from female donors aged between 43 and 52 years,
with approval of the St. Vincent’s Health Human Research
Ethics Committee and with informed consent. Once isolated,
ASCs were maintained in the complete medium (low-
glucose Dulbecco’s modified Eagle’s medium [DMEM-LG]
containing L-glutamine; Invitrogen), 10% fetal calf serum
(FCS; Sigma), 1% penicillin/streptomycin/amphotericin
(Invitrogen), at 37�C in a humidified incubator with 5% CO2.
The cells have been previously characterized as MSCs by
their multipotency (osteogenic, chondrogenic, and adipo-
genic differentiation) and their expression using flow cy-
tometry of CD73, CD90, and CD105, but not hemopoietic
lineage markers CD34 and CD45.6,17

To determine the effect of the matrix substrate on ASC
expression of angiogenic factors, six-well culture plates were
coated with extracellular matrix (ECM) solutions overnight;
either cardiogel, a rat cardiac matrix extract (10, 30, 100, 300mg/
mL; see below for extraction method), fibronectin (10mg/mL;
Sigma), or uncoated tissue culture plastic as a control. ASCs
(passages 2–6) were seeded at 1 · 105 cells per well and incu-
bated for 24 h before extracting RNA from the cells. Four in-
dependent experiments were conducted in duplicate.

Human microvascular endothelial cells were purchased
from Lonza and were maintained in the endothelial growth
medium (EGM; Lonza). Cells used in these experiments were
passage 20 to 21.

Cardiac matrix preparation

Rat heart tissue weighing 22 g was homogenized in a 100 mL
3.4 M sodium chloride (NaCl) buffer and 1 mL protease in-
hibitors (0.5 mM phenylmethyl sulfonyl fluoride and 2 mM
N-ethylmaleimide; Sigma) and centrifuged at 10,000 rpm for
10 min at 4�C. The pellet was suspended in 2 M urea in 0.05 M
Tris/0.115 M NaCl buffer (TBS) containing a general protease
inhibitor tablet (Sigma). The mixture was homogenized, mixed
overnight at 4�C to solubilize the extracted proteins, and then
centrifuged at 15,000 rpm for 30 min at 4�C. The supernatant
was filtered and the insoluble phase discarded. About 1.5% w/
v alginate (Pronova UP LVM; Novamatrix) was dissolved into
the cardiogel followed by overnight dialysis against TBS with
0.5% w/v chloroform to sterilize the cardiogel. Cardiogel was
then dialyzed against three changes of fresh TBS, followed by a
final dialysis against Hank’s balanced salt solution (Sigma)
with 1% penicillin/streptomycin/amphotericin. A total pro-
tein concentration of 2.94 mg/mL was measured with a bi-
cinchoninic acid protein assay (Pierce).

RNA isolation and cDNA synthesis

Nucleic acid isolation was performed with 0.5 mL Trizol
(Invitrogen) per well, phase separation with chloroform and
precipitation with isopropanol and glycogen (Ambion), wa-
shed with 75% ethanol, and then resuspended in nuclease-
free water (Ambion). DNase (Promega) treatment of 600 ng
of sample to remove contaminating genomic DNA was fol-
lowed by reverse transcription using avian myeloblastosis
virus reverse transcriptase (Roche Applied Science) in the
presence of random primers (Invitrogen) and RNase inhibi-
tor (Roche Applied Science).

Real-time polymerase chain reaction

Expression of four candidate angiogenic factors, inter-
leukin-8 (IL-8), vascular endothelial growth factor, basic
fibroblast growth factor, and stromal cell derived factor-1
(SDF-1), were analyzed using real-time polymerase chain re-
action (RT-PCR). TaqMan technology and Assay-on-Demand
primer/probe sets were used (Hs00174103_m1, Hs00900
055_m1, Hs00266645_m1, and Hs00171022_m1, respectively;
Applied Biosystems). RT-PCR was conducted using the ABI
Prism 7300 Real-Time PCR System (Applied Biosystems),
with 1mL cDNA per replicate well. Reactions were carried out
in triplicate for each sample, and included at least one reverse
transcriptase negative control and no-template control per
run. The machine ran at 50�C for 2 min for activation of
AmpErase UNG, 95�C for 10 min for activation of AmpliTaq
Gold polymerase, and then 50 cycles of 95�C for 15 s followed
by 60�C for 1 min for primer/probe dissociation and anneal-
ing/elongation, respectively. Relative fold change in expres-
sion was calculated by normalizing to the housekeeping gene,
18S rRNA (Hs99999901_s1; Applied Biosystems) to adjust for
loading variation, and to the experimental control, untreated
ASCs.

Endothelial cell proliferation assay

To investigate the effect of the ASC-conditioned medium
on endothelial cell proliferation, human microvascular en-
dothelial cells (HMECs) were cultured for 3 days in the con-
ditioned or control medium, and the cell number determined
using 3-[4,5-dimethylthiazol-2-yl] 2,5-diphenyltetrazolium
bromide (MTT) assay. HMECs in the EGM bullet kit (5% FCS)
were seeded into 96-well plates at a density of 2000 cells/well
and allowed to adhere overnight. Media were replaced with
equal parts of the EGM bullet kit (2% FCS) and the test (or
control) medium. Positive and negative control media were
the DMEM-LG supplemented with 10% FCS or 0% FCS, re-
spectively. Test media were conditioned for 48 h by 106 ASCs
on one of plastic, cardiogel (300mg/mL), or fibronectin
(10 mg/mL). Plates were incubated for 3 days at 37�C, 5% CO2,
and then MTT assay performed (Sigma). Four independent
experiments were conducted in triplicate.

In vivo study

To test the effects of ASCs on angiogenesis and tissue
formation in tissue engineering, an alginate-based hydrogel
scaffold containing ASCs (with or without cardiogel) was
implanted into the rat tissue-engineering chamber, incubated
for 7 days, and the tissue construct in the chamber evaluated
histologically.
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Preparation of cells and hydrogel scaffold

Passage 4–10 human ASCs were prepared as described
above and labeled with CM-DiI (Molecular Probes; 3 mL of
CM-DiI for 2.0 · 106 cells for 5 min, and then 15 min on ice).
After washing with phosphate-buffered saline, cells were
suspended in 200 mL of cardiogel. Controls were cells sus-
pended in alginate without cardiac extract, or hydrogels
implanted without cells.

Preparation of vascularized tissue-engineering
chamber

An arteriovenous loop was constructed in the groin region
of male CBH/rnu/rnu (nude) rats (ARC) that weighed 250–
320 g as previously described14,15 by interposing a femoral
vein graft between the femoral artery and the femoral vein
(Supplementary Fig. S1; Supplementary Data are available
online at www.liebertpub.com/tea). The loop was laid inside
the base of a polycarbonate chamber (0.5-mL internal vol-
ume, 1.3-cm internal diameter, and 0.5-cm height; Depart-
ment of Chemical Engineering, The University of Melbourne,
Melbourne, Australia). The base of the chamber was an-
chored to the inguinal ligament and surrounding tissues
with sutures. After implantation of 200 mL of hydrogels with
and without cells, the lid of the chamber was attached, and
the wound closed. After 7 days, the rats were anesthetized
and chambers were exposed, the vessels examined for pa-
tency, and the chamber tissue harvested for histological
analysis. Twenty-four rats were used for four groups (six rats
for each group, cardiogel with or without ASCs and alginate
with or without ASCs). All procedures were performed with
the approval of the St. Vincent’s Hospital Animal Ethics
Committee, under National Health and Medical Research
Council guidelines for animal welfare.

Histological analysis

The volume and weight of the generated tissues were
measured, and the tissue then fixed in 4% paraformaldehyde
for 24 h. Tissue constructs were divided into serial 2-mm-thick
transverse slices that were embedded in paraffin, and 5-
mm-thick histological sections were made and stained with
hematoxylin and eosin for evaluation of morphology. Im-
munohistochemistry was also performed to detect endothelial
cells in the newly formed tissue using immunohistochemistry
with mouse anti-endothelial nitric oxide synthase (eNOS) (BD
Biosciences) with hematoxylin counterstaining.

Morphometry

Hematoxylin–eosin stained sections were analyzed by
videomicroscopy with a computer-generated 6 · 6-point
square grid (CAST system) as previously described.14–18 To
determine the proportional volume of tissue components
(newly formed connective tissue, remaining hydrogel, arterio-
venous (AV) loop or fibrin), random fields were sampled
systematically and the number of points falling on each of
the tissue categories were counted and divided by the total
number of points. At least 330 points were examined for each
specimen. For evaluation of vascularization in the newly
formed connective tissue, immunohistochemistry with
mouse anti-eNOS/NOS type III (BD Biosciences) was used
and counted similarly, but with a 2 · 2-point square grid.

eNOS immunoperoxidase staining was by an indirect
method (avidin biotin peroxidase; Vector ABC method) with
negative controls (normal mouse IgG), as previously de-
scribed.15 The vascularization within the newly formed tis-
sue was determined by counting the points falling on eNOS-
positive blood vessels and dividing by the sum of points on
newly formed connective tissue, expressed as a percentage.
Morphometric counts were made independently by two
blinded observers (K.M. and R.D.).

Tracking cell fate in the chamber

One unstained slide from each sample was cover-slipped
and evaluated by fluorescence microscopy with the fluores-
cence mounting medium for visualization and localization of
CM-DiI-labeled human ASCs in the chamber construct.

Statistics

Data are expressed as mean – standard error of the mean
(SEM). Statistical significance was calculated using one- or
two-way analysis of variance with a Bonferroni post hoc test
between treatment groups. A value of p < 0.05 was consid-
ered significant.

Results

ASCs express angiogenic factors

Quantitative RT-PCR was used to show expression of IL-8,
VEGF, bFGF, and SDF-1 mRNA in ASCs and to measure
changes in cells cultured for 24 h on tissue culture plastic,
cardiogel, or fibronectin. ASCs were found to express all
angiogenic factors tested. In particular, IL-8 transcript levels
were found to be significantly altered by plating ASCs on
cardiac-derived matrix substrate for 24 h ( p < 0.001, Fig. 1a).
IL-8 mRNA levels in ASCs plated on cardiogel were in-
creased up to 6.5-fold compared with ASCs plated on plastic
( p < 0.01) and were dependent on the cardiogel concentration
used to coat the plate ( p < 0.001). Plating cells on fibronectin
had negligible effects on IL-8 expression. In contrast, ex-
pression levels of VEGF, bFGF, and SDF-1 remained constant
when ASCs were plated on different concentrations of car-
diogel or on fibronectin, as compared to plastic (Fig. 1b–d).

Medium conditioned by ASCs induces endothelial
cell proliferation

To determine whether expression of angiogenic factors by
ASCs correlated with increased endothelial cell proliferation,
we tested the effect of ASC-conditioned media on human
microvascular endothelial cell cultures. ASC-conditioned
media induced more endothelial cell proliferation than did
the standard medium ( p < 0.05, Fig. 2), with no significant
difference between media conditioned by ASCs on cardiogel
or fibronectin substrates compared to plastic.

Influence of ASCs on tissue engineering in vivo

To determine the effects of ASCs on tissue-engineering
processes in vivo, we evaluated the formation and vascular-
ization of tissue constructs 7 days after implantation of cells,
cardiogel matrix, or a combination of the two (Fig. 3). The
macroscopic appearance, volume, and weight of the con-
struct were assessed. After 7-day incubation of vascularized
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chambers in vivo, all of the chambers contained a single solid
piece of vascularized tissue, able to support its own weight
and shape ex vivo (Fig. 4). The macrovascular supply (AV
loop) was intact in all cases and the constructs were viable
(Supplementary Fig. S1). The volume and weight of the
constructs were similar for each treatment group (Supple-
mentary Fig. S2).

Tissue composition analysis by histomorphometry

Histological analysis of the constructs revealed chamber
tissue composed predominantly of the original AV loop
constituents, a variable amount of newly formed granulation
tissue around the loop vessels as well as the residual hy-
drogel scaffold and fibrin network throughout the remaining
chamber space. Morphometric analysis of chamber contents
showed that significantly more new tissue was formed in the
chambers when ASCs were implanted (Fig. 5). The presence
or absence of cardiogel had no effect on tissue formation.
Likewise, vascularization in the new tissue was significantly
increased with ASCs present, regardless of the presence of
cardiogel (Fig. 6).

FIG. 2. Endothelial cell proliferation in the medium con-
ditioned by ASCs grown on tissue culture plastic, cardiogel,
or fibronectin was greater than in the unconditioned (nega-
tive control) medium, and was at least that seen in the high
serum (positive control) medium. * represents p < 0.05 com-
pared to the negative control.

FIG. 1. mRNA expression of candidate angiogenic factors in adipose-derived stem cells (ASCs) on matrix substrates.
Transcript levels of (a) interleukin-8 (IL-8) show dose-dependent increases in ASCs plated on increasing concentrations of
cardiogel. Expression of (b) vascular endothelial growth factor (VEGF), (c) basic fibroblast growth factor (bFGF), and (d)
stromal cell-derived factor-1 (SDF-1) was unchanged by treatment. Results are expressed as relative fold change in the mRNA
level compared to plastic (mean – standard error of the mean (SEM)). *represents p < 0.05 compared to plastic.
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FIG. 4. Photomicrographs of hematoxylin and eosin (HE) stain (upper panels) and CM-DiI fluorescence (lower panels) of
the chamber without (left) and with (right) ASCs (arrows). Tissue was categorized into new tissue, gel, arterio-venous (AV)
loop, and fibrin (middle panels) (scale bar = 1 mm). Higher power micrographs (bottom panels) show the DiI fluorescence
predominantly localized to the gel space (G) (F, fibrin; N, new tissue; A, AV loop; scale bar = 175mm). Color images available
online at www.liebertpub.com/tea

FIG. 3. Schematic of the
in vivo study design. Four
experimental groups were
made: alginate only, cardio-
gel only, alginate with ASCs,
and cardiogel with ASCs
(n = 6 each, N = 24 total). Tis-
sues were taken 7 days later
for histological and morpho-
metric assessment. Color
images available online at
www.liebertpub.com/tea

PROMOTING ANGIOGENESIS AND TISSUE FORMATION WITH STEM CELLS 1331



FIG. 5. Stereological analysis showing percentage volume of the constructs. In the groups with ASCs, percentage volume of
the new tissue was significantly increased [ p < 0.05, analysis of variance (ANOVA)].

FIG. 6. (a) Photo-
micrographs of newly formed
tissue with endothelial nitric
oxide synthase immunohisto-
chemistry without (left) and
with (right) ASCs (scale
bar = 50 mm). (b) Stereological
analysis showing vasculari-
zation in the newly formed
tissue (mean – SEM). In the
groups with ASCs, percent-
age vascularization in newly
formed tissue were signifi-
cantly higher than without
ASCs ( p < 0.05, ANOVA).
Color images available online
at www.liebertpub
.com/tea
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Cell tracking in the chamber

Residual CM-DiI fluorescence was observed in histological
sections of tissues implanted with ASCs (Fig. 4). Labeled cells
were clearly visible in cardiogel/ASC and alginate/ASC
constructs and could be easily discriminated from background
fluorescence as brightly stained clumps of cells within lacunae
in the hydrogel scaffold. Some smaller, high-intensity fluo-
rescent regions were also observed in new tissue adjacent to
the gel. No stained cells were seen incorporated into the walls
of the AV loop or in distal regions of the construct.

Discussion

Successful translation of experimental tissue-engineering
methods from in vitro to in vivo promise a real advance for
regenerative therapies. The implementation of these ap-
proaches will rely on rapid development of a vascular sup-
ply to support cell survival and tissue assembly into
sufficient volume of an engineered tissue.18 In this study, we
demonstrate that incorporation of ASCs into a vascularized
chamber promotes vascularization and tissue formation
within an alginate scaffold.

The identity of factors regulating the angiogenic activity
from bone marrow-derived MSCs has been the subject of a
number of studies.4,6,7,11 Our in vitro experiments here
confirm the proliferative activity of ASC-conditioned me-
dia on human endothelial cells and basal expression of
angiogenic factor mRNA. We go further to show a sig-
nificant dose-dependent increase in IL-8 expression with
the cardiac-derived biomaterial cardiogel. The constituents
of cardiogel, which might regulate gene expression are not
known, but the finding does confirm that cell–ECM in-
teractions have potential to regulate ASC cytokine ex-
pression. Further study is required to determine whether a
similar effect is evident upon engraftment of ASCs in a
cardiac environment. The specific molecules responsible
for the angiogenic effect of ASCs remain unknown. It is
unlikely to be predominantly IL-8, but rather a combina-
tion of various factors as the increased IL-8 expression by
ASCs on matrix substrates did not correlate with increased
angiogenic readouts. We recently showed that a significant
proportion of the ASC paracrine angiogenic activity is
produced by VEGF A and VEGF D in the conditioned
medium.6 Further studies are required to identify roles of
other angiogenic growth factors. Exposure of ASCs to
cardiogel in the rat vascularized chamber did not appear
to influence tissue formation beyond the basal effect of
ASCs. The ASC secretome is complex,19 and so, other
factors secreted by the ASCs may regulate tissue formation
and have a dominating influence in this chamber envi-
ronment, or the effect of cardiogel might be modified in
the more complex in vivo environment.

Incorporation of ASCs into the tissue-engineering cham-
ber resulted in the generation of a greater volume of new
tissue compared to chambers lacking ASCs. In addition, this
newly formed tissue had a higher vascularization, suggest-
ing that at least part of the ASC effect was driven by en-
hanced angiogenesis. Although the actual proportion of
ASCs surviving implantation remains unknown, the fact that
ASCs predominantly remain in the gel space and are not
incorporated into distant regions of the tissue constructs
strongly suggests a paracrine effect. There are many reports

that introduction of MSCs has beneficial effects in vivo, for
example, more rapid skin wound healing,20 improvement of
functional recovery in cerebral infarction models,21,22 or
myocardial infarction models.23–25 In these models, im-
planted MSCs are thought to do more than just differentiate
and proliferate. The MSCs clearly act additionally as a source
of bioactive factors that inhibit scar formation, inhibit apo-
ptosis, increase angiogenesis, and stimulate intrinsic pro-
genitor cells.26 After cerebral infarction in rats, delivery of
MSCs, which are not known to differentiate into neurons or
neuronal support cells, produces a significant functional
improvement.21,27 It is difficult to assess what portion of
these positive effects can be ascribed to MSC-derived cells per
se and what contribution is attributable to those other fac-
tors,26 but the latter are supposed to be dominant at least in
the days following their introduction.26,28 These hypotheses
are compatible with our in vivo results for CM-DiI-labeled
ASCs concentrated in the gel space-promoted growth of
vascular-rich tissue in the chamber without any incorpora-
tion into the walls of the AV loop or in distal regions of the
construct, suggesting that the angiogenic effect of ASCs oc-
curs through paracrine pathways.

For successful generation and maintenance of the tissue
constructs, angiogenic growth factors, such as VEGF and
FGF, are thought to play important roles.10,11,17 Because of
their short biological half life,29,30 long-lasting and slow-re-
lease delivery systems would be preferred. There are nu-
merous reports about long-lasting delivery systems for
growth factors, using alginate,31,32 gelatin,33,34 poly lactic
co-glycolic acid,35,36 chitosan-albumin,37 and fibrin.38,39 In
addition, application of genes40–42 or genetically modified
cells11,43 encoding angiogenic growth factors is another ap-
proach for the long-lasting growth factor delivery system.
Our study shows that the delivery of ASCs in a slowly re-
sorbing alginate scaffold may be beneficial, although the
short-term nature of the current study limits our conclusions
and indicates further study is required. Finally, vascular
progenitor cells have been previously transplanted into the
AV loop separation chamber, demonstrating that the cells
can migrate and become distributed within the construct.44

We also have shown that ASCs implanted into a chamber
over a long period may integrate into the tissue and con-
tribute to new vessels.9 Similarly, other stem cell populations
may prove useful with this method.6 Using autologous stem
cells from an easily harvested and safe source provide a
unique approach that may integrate into the developing
tissue in patients and continue to have beneficial effects over
an extended period.

It is arguable that combinations of growth factors might be
advantageous. Several studies show synergistic interactions
between VEGF and bFGF,39,45–47 VEGF and platelet-derived
growth factor-B (PDGF-B),48 and bFGF and PDGF.49 Com-
binations of such growth factors delivered locally by stem
cells could reduce the growth factor concentration required
in total and would minimize undesirable systemic side ef-
fects such as accelerated atherosclerotic plaque growth,50,51

vasodilatation and hypotension,52 lower-extremity edema,53

and the possibility of triggering neoplasms.54 Since im-
planted stem cells synthesize and secrete a broad spectrum of
cytokines and growth factors26 that might have synergistic
effects, they are likely to act as a long-lasting growth factor
cocktail delivery system.
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The results from this tissue-engineering chamber model
show the potential use of ASCs as a long-lasting source of
multiple growth factors in combination with cell or tissue
implantation and transplantation to improve their survival.
Whether particular ECM scaffolds might augment these ef-
fects in vivo remains to be explored further.
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