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Abstract

Adipose tissue is commonly used in plastic surgery procedures and is also a rich source of
mesenchymal stem cells (MSCs). Since MSCs are functionally plastic cells, adipose tissue may
provide a promising cell source for regenerative medicine applications. We have developed two
mixed growth factor formulations (termed "dermal” and "fat" factor formulations) to be used
with autologous adipose tissue to help induce the regeneration of human skin and subcutaneous
tissue. In this study, we investigate the effect of these formulations on proliferation and
differentiation of MSCs obtained from human bone marrow and from adipose tissues. Lower
concentrations of both formulations had no effect on MSC proliferation, but induced rapid
adipogenic differentiation. At higher concentrations, both formulations induced MSC death. There
was no evidence of osteogenesis ormalignant transformation at any concentration, as judged by
absence of foci formation, inability of the cells to be serially passaged and absence of colonies in
methylcellulose matrix. Thus, at optimal doses these factor formulations promote rapid
differentiation of MSCs into adipogenic cells, with no evidence of cell transformation or osteogenic
induction. These studies have implications for wound healing and tissue regeneration, as well as
cosmetic applications to enhance the deficits seen in aging skin and in facial volume loss.

Keywords: Mesenchymal stem cells, adipose tissue, growth factors, adipogenesis, skin
regeneration.

Introduction area investigation (Yan et al (2005), Trzaska

et al (2009), Kim et al (2009), Patel et al
The use of adult and embryonic stem cells to (2012) ). However, compared to embryonic
repair, replace and protect tissues is an active stem cells (ESCs), adult stem cells such as
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mesenchymal stem cells (MSCs) have no
ethical concerns associated with their use.
Other potential advantages of MSCs are a
lower probability of tumor formation
compared to ESCs, and their ability to be
transplanted across allogeneic barriers
(Trzaska et al (2009), Mohseny et al (2009),
Molcanyi et al (2009) ). The latter provides
MSCs with a major advantage since these
cells could be immediately available as an off-
the-shelf source. MSCs have the ability to
differentiate into bone, cartilage and fat cells;
are capable of exerting both immune
suppressive and enhancer functions(Greco et
al (2007),Tao et al (2009),Greco et al (2008),
Wang et al (2009), Buron et al (2009),
LeBlanc et al (2008), Potian et al (2003),
Romieu-Mourez et al (2007), Chan et al
(2006), Stagg (2007), Tang et al (2008) ); and
may also be able to differentiate into
specialized cells, such asneurons and
cardiomyocytes (Trzaska et al(2009), Greco
et al @007) Cho et al (2005), Greco et al
(2007), Cho et al (2009);).

MSCs are relatively ubiquitous in adults,
where they are mostly present in bone
marrow and adipose tissue (Campagnoli et al
(2001), Castillo et al (2007), Dominici et al
(2009) ). In bone marrow, MSCs are located
around blood vessels and bone trabeculae
(Castillo et al (2007), Sakaguchi et al (2004)).
MSCs can be obtained with ease through bone
marrow aspiration or from discarded adipose
tissues. There is evidence that MSCs have the
potential for treating neurological and other
disorders (Momin et al (2010), Totey et al
(2009) ), although a few in vitro studies have
raised questions about their safety. In
particular, the repressor RE-1 silencing
transcription factor (REST) expressed in
MSCs has also been linked to oncogenesis
(Greco et al (2007), Kreisler et al (2010),
Majmader (2006) ). In addition, MSC
transformation following long-term culture
was reported (Rosland et al (2009)
However, to date the systemic infusion of
human adipose tissue-derived MSCs in both
animals and humans has not been associated
with tumor formation (Isakova et al (2007),
Raetal (2011))().

MSCs can be differentiated in vitro by
various methods to generate specialized

cells, such as neuronal «cells and
cardiomyocytes (Cho et al (2009)Greco et al
(2007)). However, the in vivo differentiation
of MSCs and the ability of MSCs to respond
to the microenvironment after implantation
remains an area of active investigation
(Sherman et al (2011)). We have developed
two novel growth factor formulations for
use with autologous adipose tissue to
induce the regeneration of human skin and
soft tissue in vivo. Here, we describe in vitro
studies to better understand the biology of
these factors with regards to differentiation
and transformation of MSCs. In these
studies we observe rapid differentiation to
adipocytes with no evidence of malignant
transformation. The data indicates that these
solutions of fat and dermal growth factors
may promote endogenous reconstruction and
regeneration of damaged or aged tissue by
differentiating the patients’ own stem cells
along the adipocyte lineage.

Materials and Methods
Reagents and Antibodies

Dermal and fat factors were prepared under
good manufacturing practice. Dermal factor
solution contained 0.91 pg/mL estriol and
19.1 pg/ml of hyaluronic acid and fat factor
solution, 0.0009 pg/mL sodium liothyronine,
0.341 pg/ml sodium levothyronine, 0.1818
U/mL humulin R and 0.0019 pg of hyaluronic
acid. Ficoll-hypaque; tissue culture grade
PBS; collagenase and DMEM with high
glucose were purchased from Sigma (St
Louis, MO). BiocoatMatrigel Matrix; FITC-
anti-human CD29; PE-anti-human CD29;
FITC-anti-human CD45; PE-anti-human CD34
and APC-anti-human CD44 were purchased
from BD Biosciences (Franklin Lakes, NJ).
Vybrant CFDA-SE Cell Tracer from Invitrogen
(Grand Island NY); CyQUANT Cell
Proliferation Assay; Platinum SYBR Green
gPCRSuperMix-UDG Kit; Super Script III
reverse transcriptase; RNase A and Platinum
Taq polymerase were purchased from
Invitrogen (Carlsbad, CA). FITC-anti-human
CD105 was purchased from Cymbus
Biotechnology (Hants, UK), anti-human
prolyl-4-hydroxylase =~ (PH4) MAb from
Bachem (Torrance, CA).
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Study Subjects
Human MSCs were expanded from bone
marrow aspirates and from liposuction

material of healthy donors, aged 20-35 yrs.
Adipose-derived MSCs were cultured from
discarded tissues of subjects undergoing
elective liposuction. The bone marrow
aspirates (for controls) were selected from
donors, 20-35 yrs whereas the liposuction
was obtained from donors, 40-58 yrs. The
liposuction donors were four females and
two males. The bone marrow donors were
two males and one female. Adipose-derived
MSCs were cultured from discarded tissues of
subjects undergoing elective liposuction. The
tissue was harvested under local anesthesia
using buffered 0.5 % lidocaine with
epinephrine 1:200000 and the cells were
extracted with manual suction ingusinga 10
cc syringe attached to 16 gauge mushroom
needle. All procedures were approved by the
Institutional Review Board of the University
of Medicine and Dentistry of New Jersey-
Newark Campus.

Culture of Human MSCs

MSCs were cultured from bone marrow
aspirates and from liposuction tissues, as
previously described (Trzaska et al (2009),
Potian et al (2003), Yoshimura, et al (2006)).
Unfractionated bone marrow aspirates were
cultured in DMEM with 10% FCS (D10 media)
in Falcon 3003 dishes. After 3 days, red blood
cells and granulocytes were removed with

Ficoll-hypaque. The fatty tissues from
liposuction were digested with 0.08% of
collagenase. To reduce the time in
collagenase, the tissues were first
homogenized. The mixture was centrifuged at
500 g for 10 min. The pellet was saved and
then washed in PBS and the cells (5x109)
were seeded as for bone marrow
mononuclear cells. At 80% confluence the
cells were trypsinized and then passaged up
to four times. The adherent cells were
morphologically  symmetric. =~ Phenotypic
characterization by flow cytometry indicated
CD14-, CD29+, CD44+,CD34-, CD45-, CD105+%,
prolyl-4-hydroxylase-, PH4 (13).

Stimulation
Factors

of MSCs/Optimization of

The range of factors used in the in vitro
studies reflect the concentrations used in
clinical procedures conducted by Dr. Vincent
Giampapa. Table 1 shows the concentrations
of the components within each solution of fat
and dermal factor. These concentrations were
based on standard procedures to transplant
fat tissues from patients. Based on the clinical
experience, combined with the literature on
aging, skin laxity and volume loss, we
developed the novel components for each
factor to enhance the efficacy of autologous
adipose tissues. The premise is that the listed
factors would replace the deficiency to
facilitate cell replacement of the transplanted
adipose cells, which comprise MSCs.

Tablel. Components of Fat and Dermal Factors

Components Fat Dermal
Factor Factor

Hyaluronic Acid 20 mg/mL 20mg/mL

T3 0.09 pg/mL

T4 0.27 pg/mL

Insulin 0.18U/mL

Dimethyl amino ethanol 0.09 gm/mL 0.09 gm/mL

Indomethacin 0.71 mg/mL

Dexamethasone 0.051 mg/mL

Fibroblast Growth Factor-2 10 ng/mL

Retinoic Acid 0.1 mg/mL

Estriol 0.9 mg/mL
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In order to recapitulate the clinical procedure
we calculated the average number of MSCs in
the fat aspirates, 2x10°/mL, and then
calculated the volume of each factor to
achieve 4x10¢ MSCs/mL. MSCs were cultured
in adherent conditions with different
amounts of factors. The concentrations of
each factor mix spanned the level that
recapitulated the amount used in the
procedure in human subjects.

Proliferation/Viability

MSCs, treated or untreated, were assayed for
cellular proliferation and viability using the
CyQuant Cell Proliferation Assay Kit
(Molecular Probes; Eugene, OR) and
CellTiter-Blue Cell Viability Assay (Promega,
Madison, WI), respectively as described
(Greco et al (2011)).Proliferation was
assessed in 96-well flat-bottomed plates. At
the end of the experimental period, plates
were placed at -80°C. The next day, the plates
were thawed and then incubated in CyQuant
GR dye/cell-lysis buffer for 5 min at room
temperature. Fluorescence intensity was
determined on a fluorescence microplate
reader at 480 nm excitation/520 nm
emission. Proliferation was calculated from a
standard curve of known numbers of MSCs.

Viability was assessed with CellTiter-Blue
reagent. Cultures were established as for the
proliferation studies in 96-well plates. At the
end of the assay period, CellTiter-Blue
reagent was added to wells and the plates
were incubated for 4 h at 37°C. After this,
wells were read using a fluorescence
microplate reader at 560 nm excitation/590
nm emission. Percent viability was calculated
from a reference of untreated MSCs, which
were assigned 100% viability. Cell-free wells
containing reagent alone were considered 0%
viable.

Adipogenic Differentiation of Adipose-
Derived MSCs

Adipogenic differentiation was performed
with the Adipogenic hMSC Differentiation
Bullet Kit (Cambrex Bio Science, Walkersville,
MD) according to them anufacturer’s
recommendations and as  previously
described (Potian et al (2003)). Briefly,

adipose-derived hMS Cwere seeded at a
density of 4 x 104 cells/well in 6-well tissue
culture plates. At confluence, adipogenic
differentiation was performed with three
cycles of induction/maintenance medium.
Each cycle consisted of 3-day culture in
adipogenic induction medium, followed by 1-
3 days with adipogenic maintenance medium.
This cycle was repeated for up to either 7 or
14 days, after which cells were washed with
PBS, fixed with 10% formalin and stained
with Oil Red O, as described previously (13).

Osteogenic Differentiation of Adipose-
Derived MSCs

Osteogenic differentiation was performed as
previously described (13). Briefly, adipose-
derived hMSCwere seeded at a density of
4x104 cells/well in6-well tissue culture plates
and allowed to adhere for 24 h. Osteogeneic
differentiation was induced in DMEM
containing 10% FCS, 100 nM dexamethasone,
10 mM§f-glycerophosphate and 50 puM L-
ascorbic acid-2-phosphate. Differentiation
medium was replaced every 3-4 days for up
to either 7 or 14 days, after which osteogenic
differentiation was assessed by calcium
deposition by Alzurin Red stain. Cells were
fixed with 10% formalin, incubated in 60%
isopropanol and then treated with Alzurin
Red for 5 min and rinsed in PBS.

Real Time RT-PCR

RNA extraction was performed via RNeasy
Mini Kit from (Qiagen, Valencia, CA). Total
RNA (1 pg) were immediately reverse
transcribed using dNTPs (0.2 mM), random
hexamers (50 pM) and SuperScript III
reverse transcriptase (200 U). Incubation
conditions were 25°C for 5 min, 50°C for 60
min and 70°C for 15 min. Real-time PCR was
performed with 200 ngcDNA using Platinum
SYBR  Green gPCRSuperMix-UDG  Kit
(Invitrogen) and then analyzed on the 7300
Real-Time PCR System (Applied Biosystems,
Foster City, CA). The analyses were
performed with an initial incubation of 50°C
for 2 min followed by 95°C for 2 min. After
this, the cycling conditions were as follows:
94°C for 15 sec and 60°C for 45 sec, for 40
cycles. Primer sequences for cEBPa are:
Reverse, 5'-ACT GAT CGT GCT TCG TGT-3’;
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Forward, 5'-CCG AGT CAC ACC AGA AAG-3’
and for PH-4,Reverse, 5'-GCT CGG ATG TTC
TCA CTG-3' and Forward, 5-GCG GGA CCT
GAC TAG ATT-3".

Invasion Assay

BD BioCoat™ Matrigel™ Matrix (0.2 ml) was
added to 8 um Fluoro Blok cell culture
inserts. These inserts prevent the plate
reader from detecting emission in the upper
chamber. After solidification of the Matrigel
at 37°C for 1 h, the inserts were placed in 24-
well culture plates containing 0.5 mL. DMEM
with 10% FCS. MSCs, (2x10%), treated or
untreated with different volumes of fat
and/or dermal factors were diluted in sera-
free DMEM and then added to the inner wells.
The cells were allowed to migrate for 2 h at
37°C. After this, the inserts were removed,
and the cells within the inner chambers were
gently removed with a Q-tip. The wells under
the membranes were then transferred to a
second set of wells for labeling with 10 uM
CDFA-SE, diluted in PBS for 1 h. After this, the
wells were gently washed with PBS to
remove excess CFDA-SE and then transferred
to another well containing PBS for analyses
on Victor 3V Multi-well plate reader (Perkin
Elmer, Waltham, MA) at 485 nm/535 nm.
Positive control included MDA-MB-231
breast cancer cells (American Type Culture
Collection).

Clonogenic Assays

Clonogenic assays were performed as
described (Rao et al (2004)). Briefly, MSCs
(103cell/mL), treated or untreated with fat
and/or dermal factors were resuspended in
1.2% methylcellulose containing DMEM.
Positive control cultures were performed
with the breast cancer cell line, MDA-MB-231.
One mL of cell suspension was added to 35-
mm suspension dishes, and the cultures were
incubated for 1 week at 37°C. Colonies with
>15 cells were counted.

Adipogenic Differentiation

Control adipogenic differentiation was
performed with the Differentiation Bullet Kit
(Lonza, Walkersville, MD). The method
followed the manufacturer’s

recommendations and as was described
(Potian et al (2003) ). Briefly, MSC at ~60-
80% confluence were trypsinized and then
replated at 5 x 105 cells/well in 6-well tissue
culture plates. At cell confluence, adipogenic
differentiation was performed with three
cycles of induction/maintenance medium.
Each cycle consisted of 3-day culture in
adipogenic induction medium, followed by 1-
3 days with adipogenic maintenance medium.
Control wells were cultured, and medium was
replaced on the same schedule using
adipogenic maintenance medium. After the
three-cycle schedule, cells were grown in
adipogenic maintenance medium for 7 days,
with change of medium every 3 days. After
this, cells were washed with PBS, fixed with
10% formalin, stained with Oil Red O, and
counterstained with hematoxylin.

Statistical Analysis

Statistical data analyses were performed with
analysis of variance and Tukey-Kramer
multiple comparisons test. p<0.05 was
considered significant.

Results
Components of Growth Factor

We have developed a proprietary fat growth
factor product that includes hyaluronic acid,
insulin, dexamethasone, FGF, indomethacin,
T3/T4 and dimethyl amino ethanol in a
sterile water medium (Table 1). The
components of this medium have all been
associated with various effects on adipocytes
and stem cells. Hyaluronic acid is used as a
gel matrix scaffold to deliver the growth
factor medium, and is known to bind CD44
that is expressed by MSCs. Its ability to bind
to CD44 receptors on the stem cells was
found to stabilize stem cells; and hyaluronic
acid was used as a scaffold and delivery
system of adipose derived stem cells in
treating wounds as a dermal filler and in
adipose tissue regeneration (Altman et al
(2010), Chung et al (2010), Cervelli et al
(2010) ). Hyaluronic acid itself is approved by
the United States Food and Drug
Administration as a dermal filler (Beer
(2009)).
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Adipocytes express insulin receptors, and
insulin is a critical hormone in glucose uptake
and metabolism in fat cells in humans.
Basically, both insulin and dexamethasone
were shown to induce differentiation of MSCs
to adipocytes in vitro (Nonomiya et al
(2010)). Similarly, FGF can function to
maintain proliferation and expansion of
human adipose-derived stem cells in vitro,
can maintain cell viability, and is important
for their differentiation to adipocytes (Hebert
et al (2009)). The prostagladin 2 inhibitor
indomethacin also stimulates adipocyte
derived stem cells to adipocytes and was
shown to reduce immune response of
adipocyte stem cells (Cui et al (2007). T3 and
T4, endogenous thyroid hormones were
shown to stimulate pre-adipocyte
proliferation and differentiation (Ramsay et
al (1989), Chen et al (1996)). Finally,
dimethyl amino ethanol is a precursor of
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choline and is used by dermatologists and
plastic surgeons to improve skin firmness
and in clinical trials was reported to improve
skin texture (Grossman (2005)).

Pre-optimal Fat and/or Dermal Factors on
MSC Proliferation and Viability

We first studied the effects of fat and dermal
factors at the lowest doses, <0.01 mL
treatment solution per volume of culture
media. In all cases, there was no significant
(p<0.01) proliferation at 24 h, except for
dermal factor, which showed a slight increase
in proliferation at the lowest dose (Figs 1A-
1C). The viability of MSCs at the same range
showed a slight reduction at 0.01 mL, but no
change at other doses (Figures 1C-1F). In
summary, the studies indicated non-toxic
effects of fat and/or dermal factors at <0.01
mL volumes.
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Fig.1. In Six Different Experiments, MSCs, Three from Bone Marrow and Three from Adipose

Tissues, were Evaluated for Proliferation and Viability. MSCs (4x10%) were Stimulated with

Different Dosing Volumes of Fat (A and D), Dermal (B and E) or Combined Factors (C and F).

Each Experiment was Performed with MSCs from a Different Donor. Proliferation (A-C) and

Viability (D-F) were Assessed after 24 h. The Dashed Lines Show the Baseline/Seeded MSCs.
The Results are Presented as the Mean Number of Cells+SD.

Proliferative Effects of Post-Optimal Fat
and/or Dermal Factors

Next, we repeated the studies at higher doses.
As expected, untreated MSCs proliferated,
without the addition of factors. At 0.01 mlL,
cell proliferation was noted only in cultures
with dermal factor (Fig. 2B). This
proliferation was reduced at the higher

concentrations after 24 and 48 h. The
purpose was to evaluate if the decreased or
blunted proliferation could be explained by
reduced viability. We next tested the viability
of fat and/or dermal factors on MSCs at the
same concentrations as for the proliferation
studies. At the 0.01 mL dose, the viability was
similar (p>0.01) to untreated MSCs. However,
the volumes of factors were proportional to
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cell death (Figs 2C-2F). Together, the results
indicate that at higher concentrations, fat
and/or dermal factors caused minimal
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proliferation that appears to be partly
explained by cell death.
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Fig.2. In Six Different Experiments, Three with MSCs from Bone Marrow and Three from
Adipose Tissues were Evaluated for Proliferation. MSCs (4x10%) were Stimulated with
Different Dosing Volumes of Fat (A and D), Dermal (B and E) or Combined Factors (C and F).
Each Experiment was Performed with MSCs from a Different Donor. Proliferation (A-C) and
Viability (D-F) were Assessed after 24 and 48 h. The Dashed Lines Show the Baseline/Seeded
MSCs. The Results are Presented as the Mean Number of Cells+SD.

Fat/Dermal Factor-Induced

Differentiation of MSCs

We next investigated if reduced proliferation
(Fig. 1) could be explained by rapid
differentiation of the fat/dermal-treated
MSCs. MSCs, 10*/mL, were treated with <0.05
mL dose of fat and/or dermal factors as well
as logio fold less volumes. After 24 h, the
cultures were examined morphologically
with an inverted microscope. Representative
images at 100x magnification indicated >95%
of the fat factor seeded cells were associated
with fat globules, indicating differentiation
towards adipogenic cells (Fig. 3A).

In order to discriminate between adipogenic
and osteogenic differentiation with MSCs
from bone marrow and adipose tissues, and
to determine whether the induction was
rapid, we treated MSCs with non-toxic
concentrations of fat and/or dermal factors
for 24 h and then determined whether the

MSCs showed rapid differentiation. We
analyzed the cells after 7 and 14 days of
factor withdrawal for adipogenic and
osteogenic differentiation. There was no
evidence of osteogenic formation (Fig.3B),
indicating lineage differentiation. After
treatment, the differentiation was
monopotent towards adipogenesis. The size
of the adipogenic cultures showed a timeline
increase with large clusters at day 7 (Fig. 3B).
Control MSCs  were  treated  with
differentiating agents from a commercial
source (Fig. 3C). At day 14, although there
were some adipogenic cells, most of the non-
adipogenic cells survived. Since there was no
evidence of necrotic cells, the results
indicated that the 24-h treatment was
sufficient to induce the differentiation of
MSCs. However, the differentiation during
this 24-h period appears to be at an early
stage of lineage differentiation. The fat factor
had to be present throughout the culture to
achieve adipogenesis.
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Fig. 3B indicates that fat and/or dermal
factors can induce MSCs to differentiate
toward adipose lineage. We therefore
performed real-time PCR for cEBPa
(CCAAT/enhancer-binding protein alpha) as

A.

a surrogate marker of adipogenesis (Rosen
(2005)). The cells were treated for 24 h with
different amounts of non-toxic doses of fat
and/or dermal factors.

UNTREATED ®
o*

0.01"

001”*

FAT FACTOR

0.01"

DERMAL FACTOR
001" 0.001

0.001*

FAT/DERMAL FACTORS

OSTEOGENESIS

ADIPOGENESIS

W Valwme (ml 106 MSCy

Fig. 3. Effects of Fat and/Ordermal Treatments on MSC-Inducedadipo- and Osteogenic
Differentiation. MSCs from BM or Adipose Tissues were Treated for 24 h with Fat and/or
Dermal Treatments or Untreated. A) Shown are the Morphologies of Treated Cells. B) At 7-
and 14-Day Exposures, Cells were Labeled for Adipo- and Osteogenic Differentiation. Shown
are Representative Inductions. C) Control Adipogenesis is Shown with MSCs with Commercial
Differentiating Agents.
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The values for wuntreated MSCs were
normalized to 1 and the results of treated
cells were presented as fold changes over
untreated MSCs (Fig. 4A). There were
significant (p<0.05) differences at 0.1mL, and
only with dermal and fat/dermal treatment,

25 1

A.

4 OFAT
D DERMAIL
BEAT/DERMAL

~
o

15 A9

10 4

Fold Change (cEBP/a) mRNA

indicating that at the early time point, the
cells begin to differentiate, but the early
adipogenic cells were progenitors and not
late stage fat cells. This was confirmed by the
lack of 24-h treated MSCs to be labeled with
0il Red O (not shown).

Fold Change PH4 mRNA

0.005 0.01 0.1

| I I IH ’ﬂ ’ﬂ

0.001

0.005 0.01 01

Volume (mL)/4x100 MSCs

Fig. 4. MSCs (4x104) from Bone Marrow Aspirates and Adipose Tissues were Treated for 24 h
with Different Dosing Volumes. Following the Treatment Period, RNA was Extracted and
Immediately Reverse Transcribed. Real-time PCR was Performed with 200 ngcDNA and then
Analyzed for Expression of the Surrogate Adipose and Fibroblast Markers, (A) CEBPa and (B)
PH4, Respectively. The Results are Presented as the Mean+SD Fold Change Over Untreated
MSCs, which were Designated a Value of One; n=6.

We repeated the real-time RT-PCR, except
that it was with primers for the surrogate
fibroblast marker (proly-4-hydroxlase, PH4).
The values for untreated MSCs were
normalized to 1 and the experimental points
were presented as fold change over untreated

MSCs. At >0.005 mL there was significant
(p<0.05) increase in PH4 by dermal and
fat/dermal factors. The values were reduced
at 0.1. This however was expected since this
concentration was shown to be toxic (Fig. 2).
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Safety of Fat/Dermal-Treated MSCs

We were concerned that treatment with fat
and/or dermal factors could result in fibrosis.
We therefore treated MSCs from bone
marrow and adipose tissues with different
concentrations of fat and/or dermal factors
and then examined the cultures daily up to

four weeks for cell proliferation as an
indicator of fibrosis. After four weeks there
was no evidence of fibroblast differentiation
based on cell morphology and surmised that
extended periods of treatment did not induce
fibrosis (Fig. 5).

E
a
E
E
m /
Untreated 0.01 0.005 0.0005
Volume (mL)/4x106 MSCs

Fig. 5. MSCs from Bone Marrow or Liposuction Aspirates were Treated with Different
Concentrations of Fat and/or Dermal Factors. After 24 h, the Factors were Removed and the
Cultures were Re-Incubated for Four Weeks. Shown are Representative Images (40 x) of Each
Experimental Point.

We repeated the studies and examined the
ability of treated MSCs to grow in a contact-
independent manner in methylcellulose
matrix, and also to invade matrices towards
sera. Positive controls were performed with
breast cancer cells. As compared to the breast
cancer cells and untreated MSCs, the 24-h
treated cells showed significantly (p<0.01)
fewer colonies, indicating  lack  of

transformation (Fig. 6A). This was further
supported by the significantly (p<0.01)
reduced invasion towards sera (Fig.6B). The
cells could not be passaged, indicating
differentiation (not shown). In summary,
there is no evidence of transformation of
MSCs after four weeks of treatment with fat
and/or dermal factors.
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Fig. 6. (A) Clonogenic Assays were Performed for Colonies with MSCs, Untreated or Treated
with Different Volumes of Fat and/or Dermal Factors. After 24 h, the Factors were Removed
and the Cells were Studied for Colonies in Methycellulose Matrix. (B) For the Cell Invasion
Assay, MSCs or Positive Control MDA-MB-231 Breast Cancer Cells (American Type Culture
Collection) were Treated or Untreated with Various Doses of Fat and/or Dermal Factors and
Allowed to Migrate for 2 h. Cells were Labeled with CDFA-SE and Transferred to Another Well
Containing PBS for Fluorimetric Analyses. The Results were Similar for all Treatment Doses
and Representative Data from 0.01 mL Dose is Shown. The Results are Presented as the
Mean+SD of Six Experiments, Each with MSCs from a Different Donor.

*p<0.01 vs. treated MSCs
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Discussion

The experiments presented here examine the
toxicity and potential mechanism of action of
two formulations of growth differentiation
factors for use in skin and soft tissue
regeneration. Experiments examining a dose-
response effect of the factor formulations,
either alone and in combination, on cell
proliferation and viability of MSCs showed no
evidence of toxicity at low concentrations.
The lack of cell proliferation at low
concentrations appeared to be due to rapid
MSC differentiation into adipose cells induced
by the factors, as determined by function,
phenotype and gene expression studies. At
higher factor doses, cell death was observed.
There was no evidence of fibroblast
differentiation, osteogenesis or oncogenic
transformation of MSCs when exposed to
either factor mixture or to the two mixtures
combined...

The findings are promising for tissue
regeneration in cases involving wounds,
burns and loss of facial volume, either
traumatic- or age- related, where these
factors would have a therapeutic benefit
through adipose filling. It is expected that the
combination of these factors with off-the-
shelf MSCs will have utility for immediate
allogeneic application in an acute injury as in
war-related wounds, in cases where the
subject cannot ethically donate bone marrow,
or if there is unavailable excess fat. It will also
be interesting to test other types of stem cells
for these procedures. The formulations
studied show a rapid method to induce
adipogenesis as compared to weeks of
differentiation required by the established
method as shown in Fig. 3C. In conclusion, the
two factor formulations described here show
similar responses, regardless whether MSCs
were obtained from bone marrow or adipose
tissues. The relevant levels were not toxic
and induced differentiation within 24 h.
These observations, combined with
undetectable functional osteogenesis,
support the safety of the factors. These are
necessary studies before proceeding to
further multicenter clinical trials in patients
for tissue regeneration.
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