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Summary

Background: Mesenchymal stem cells within the stromal-vascular fraction of sub-
cutaneous adipose tissue, adipose-derived stem cells (ADSCs), produced soluble
factors and they exhibit diverse pharmacological effects in skin biology.
Objective: The present study examines the protective effect of ADSCs for human
dermal fibroblasts (HDFs) through anti-oxidation in a tert-butyl hydroperoxide
(tbOOH) induced oxidative injury model.
Methods and results: The conditioned medium of ADSCs (ADSC-CM) was harvested
and tested for antioxidant action. ADSC-CM had an antioxidant effect as potent as
100 mM ascorbic acid and various antioxidant proteins were detected in ADSC-CM by
proteomic analysis. Morphological change and cell survival assay revealed that
incubation with ADSC-CM aided HDFs to resist free radicals induced by tbOOH. In
addition, activities of superoxide dismutase and glutathione peroxidase were
enhanced in the ADSC-CM treated HDFs which confirmed the study hypothesis that
ADSCs protect HDFs through antioxidant action. In a cell cycle analysis, ADSC-CM
treatment reversed the apoptotic cell death induced by tbOOH and caused a decrease
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1. Introduction

Mesenchymal stem cells within the stromal-vascular
fraction of subcutaneous adipose tissue, adipose-
derived stem cells (ADSCs), display multi-lineage
developmental plasticity and share similarity to bone
marrow-derived stemcells (BM-MSCs)with respect to
surfacemarkers andgeneprofiling [1—4]. In addition,
BM-MSCs and ADSCs have some secretory factors in
common; collagen, fibronectin, and various cyto-
kines such as vascular endothelial growth factor
(VEGF), hepatocyte growth factor (HGF) and fibro-
blast growth factor (FGF) [5—7]. Recently, the pro-
duction and secretion of cytokines has been reported
as an essential function of ADSCs and these cytokines
exhibit diverse pharmacological effects [7—9].

Currently, hot topics in the dermatologic field are
anatomical—functional damage to the skin and
every possible means to counteract the skin defects.
Great interest in this issue has been aroused on the
study of substances able to prevent skin damage
from free radicals. Although there are few reports
involving the antioxidant action of stem cells, some
evidences support a protective effect of cytokines
on the epithelial cells during oxidative injury. For
example, insulin like growth factor (IGF) reportedly
protects fibroblasts and intestinal epithelial cells
from free radicals [10,11]. HGF has a protective
effect on retinal pigment epithelium in oxidative
stress induced by glutathione depletion [12]. Pig-
ment epithelium-derived factor (PEDF) is an anti-
angiogenic/neurotropic factor and has been shown
tomediate antioxidant action [13]. Interleukin 6 (IL-
6) has reduced the epithelial cell death induced by
hydrogen peroxide [14]. All of these reports indicate
the antioxidant effect of stem cells and cytokines,
however, their protective mechanism has not been
clearly defined.

In a previous study, it was observed that ADSCs
had paracrine effects on human dermal fibroblasts
(HDFs), activating proliferation/migration of HDFs,
which finally accelerated wound healing [15]. In
that study, soluble factors in the conditioned med-
ium of ADSCs (ADSC-CM) were examined by enzyme-
linked immunosorbent assay (ELISA), which revealed
secretions of antioxidant proteins. Although the
antioxidant mechanisms of ADSCs are unclear, ADSCs

or ADSC-CM are good candidates for control and
prevention of skin damage. Therefore, the antiox-
idant action of ADSC-CM on HDFs is investigated in
tert-butyl hydroperoxide (tbOOH) induced oxida-
tive injury model, which imply an important role
of ADSCs in the skin biology.

2. Methods

2.1. Isolation and culture of ADSCs and
HDFs

Human subcutaneous adipose tissue samples were
acquired from elective liposuction procedures. The
obtained samples were digested with 0.075% col-
lagenase type II (Sigma—Aldrich, St. Louis, MO)
under gentle agitation for 45 min at 37 8C, and
centrifuged at 300 � g for 10 min to obtain the
stromal cell fraction. The pellet was filtered with
70 mm nylon mesh filter, and resuspended in phos-
phate-buffered saline (PBS). The cell suspension
was layered onto histopaque-1077 (Sigma—Aldrich)
and centrifuged at 840 � g for 10 min. The super-
natant was discarded and the cell band buoyant over
histopaque was collected. Retrieved cell fraction
was cultured overnight at 37 8C/5% CO2 in a control
medium (Dulbecco’s modified Eagle medium: DMEM,
10% fetal bovine serum (FBS), 100 units/ml of peni-
cillin, 100 mg/ml of streptomycin). ADSCs were cul-
tured and expanded in culture medium, and used for
the experiments at passages 1—5. Punch biopsies
were performed for sampling HDFs. Then, HDFs were
isolated and cultured as described previously [16].

2.2. In vitro multi-lineage differentiation
of ADSCs

In vitro multi-lineage differentiation of ADSCs was
induced in control medium supplemented with one
of the following three formulas as described pre-
viously [3,17,18]: (1) adipogenic differentiation
medium: 10 mg/ml insulin, 1 mM dexamethasone,
0.5 mM isobutyl-1methyl-3-xanthine and 100 mM
indomethacin in control medium; (2) osteogenic
medium: 10 mM beta-glycerophosphate, 50 mg/ml
ascorbic acid and 100 nM dexamethasone in control
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of sub-G1 cells with respect to untreated cells. The anti-apoptotic effect of ADSC-CM
was also reproduced by caspase-3 activity assay.
Conclusion: These results suggest that ADSCs have potent antioxidant activity and
protect HDFs from oxidative injury by decreasing apoptotic cells. Therefore, ADSCs
and ADSC-CM are good candidates for control and prevention of skin damage from free
radicals in various skin conditions.
# 2007 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland
Ltd. All rights reserved.
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medium; (3) chondrogenic medium: 10 ng/ml TGF-
b1, 11 mg/ml sodium pyruvate, and 50 mg/ml ascor-
bate-2-phosphate. All reagents were purchased
from Sigma—Aldrich (St. Louis, MO). For differentia-
tion, cells were grown to confluence before induc-
tion, and medium was changed every 3—4 days.
After 15 days, cells were fixed for appropriate dif-
ferentiation-specific staining: Oil Red O for adipo-
genesis, Alizarin Red S for osteogenesis and Alcian
blue for chondrogenesis.

2.3. Preparation of ADSC-CM

ADSCs (4 � 105 cells) were cultured in DMEM/F12
(Invitrogen-Gibco-BRL, Grand Island, NY) serum-free
medium. Conditioned medium of ADSCs was col-
lected after 72 h of culture, centrifuged at 300 � g
for 5 min and filtered using a 0.22 mm syringe filter.

2.4. Antioxidant assay

Compared with normal culture medium (DMEM/
F12), the antioxidant activity of diluted ADSC-CM
(50 and 100%, v/v) and 100 mM of ascorbic acid
(Sigma—Aldrich) were measured using Antioxidant
Assay kit (Cayman, Ann Arbor, MI) according to the
manufacturer’s instructions. This antioxidant sys-
tem includes enzymes such as SOD, catalyze, and
glutathione peroxidase (GPx); macromolecules such
as albumin and ferritin; and an array of small mole-
cules including ascorbic acid, a-tocopherol, b-car-
otene, reduced glutathione, uric acid, and bilirubin.
Thus, the combined antioxidant activities of all the
constituents of the ADSC-CM were assessed.

2.5. Proteomic analysis of ADSC-CM

The culture supernatant was evaporized with a lyo-
philizer. The dried material was resuspended in dis-
tilled water, and proteins were recovered from the
suspension with a solid-phase extraction cartridge
(Waters, Milford, MS). Proteins were separated by
C18 reverse phase chromatography (Chromolith1,
Merck, Darmstadt, Germany), and the fractions from
the chromatography were pooled into 6 separate
fractions. Each pooled fraction was incubated in
reduction buffer (50 mM NH4HCO3, 2 mM DTT). After
20 min of incubation at 56 8C, the reduced proteins
were alkylated by incubation at 37 8C for 15 min in
buffer (50 mM NH4HCO3, 5 mM iodoacetamide), and
then digested overnight by trypsin at 37 8C.

Peptide fractions were separately analyzed using
an Agilent 1100 LC system (Agilent, Santa Clara, CA)
coupled to a Q-STAR Excel mass spectrometer (MDS
Sciex, Toronto, Canada). Data were acquired in an
information-dependent acquisition mode using the

Analyst QS software, and only multiple-charged ions
were chosen for MS/MS. Each cycle was composed of
1-s MS and 3-s MS/MS. A 90 min of linear LC gradient
from 12.5 to 40.0% acetonitrile was employed. Each
precursor ion selected for tandem MS was placed on
an exclusion list for subsequent LC-MS/MS analysis.
Three LC-MS/MS analyses (one standard, and two
exclusion lists) were performed for each pooled
peptide fraction.

Database searches were performed using a MAS-
COT search engine (Matrix Science, London, UK)
against the human International Protein Index
(IPI) protein sequence database. The search para-
meters were: MS accuracy 1200 ppm, MS/MS accu-
racy 0.3 Da, allowed one miscleavage, fixed
modification of cysteine in carbamidomethylated
form, variable modification of oxidized methionine
and N-terminal acetylation at protein level.

2.6. Cell survival assay

An oxidant, tbOOH was used for free radical source
when the oxidative injury to cells was investigated
[19,20]. HDFs (1 � 103 cells/well) were plated in 96-
well plates in DMEM/F12 with 0.1% FBS for 24 h to
arrest mitosis. The medium of the experimental
groups was then replaced by varying dilutions (0,
50, and 100%; supplemented with 1% FBS) of ADSC-
CM and incubated for 12 h. Both groups were treated
with 0, 100, 200, 400 mM tbOOH for 6 h and replaced
with normal culture medium. The positive control
group was replaced with 100 mM of ascorbic acid
(Sigma—Aldrich). After 72 h, HDF proliferation was
measured using a CCK-8 kit (Dojindo, Gaithersburg,
MD). HDFs were added with 10 ml of the CCK-8
solution, and incubated for 3 h. The absorbance
was measured at 450 nm using a microplate reader
(TECAN, Grödig, Austria). OD values of each well
were calculated to their relative cell numbers with
comparable standard curves.

2.7. SOD activity assay and GPx activity
assay

HDFs (1 � 105 cells/well) were seeded in 6-well
plates and cultured overnight in DMEM with 0.1%
FBS. To evaluate the effect of ADSC-CM on SOD and
GPx activity, varying dilutions (50, and 100%, v/v) of
ADSC-CM and 100 mM/ml of ascorbic acid were
added to DMEM/F12 with FBS concentration
adjusted to 1% for 12 h. Then, HDFs were treated
with 200 mM tbOOH for 3 h. Treated cells were col-
lected by centrifugation at 10,000 � g for 10 min at
4 8C. The pellets of cells were sonicated in ice-cold
buffer (50 mM Tris—HCl, pH 7.5, 5 mM EDTA, and
1 mM DTT (Sigma—Aldrich)), then collected by

Antioxidant action of adipose-derived stem cells 135



Author's personal copy

centrifugation at 10,000 � g for 10 min at 4 8C.
Then the supernatants were collected for assay.
SOD activity and GPx activity were measured using
SOD and GPx assay kits (Cayman) according to the
manufacturer’s instructions. This SOD assay mea-
sures three types of SOD (Cu/Zn-, Mn-, and Fe-SOD).

2.8. Cell cycle analysis by flow cytometry

Apoptosis was scored by assessing the fraction of
cells with a sub-G0/G1 DNA content by flow cyto-
metry. 2 � 105 Cells were seeded in 100-mm dishes,
incubated, and allowed to grow to 60% confluency.
The medium of the experimental groups was
replaced by ADSC-CM (supplemented with 1% FBS)
for 24 h, then treated with 400 mM/ml tbOOH for
6 h. After 24 h, cells were then harvested, washed
twice with PBS, permeabilized with 70% ethanol at
0 8C, and finally stained with 50 mg/ml propidium
iodide. Distribution of cell cycle phases with differ-
ent DNA contents was read in a FACScan flow cyt-
ometer (Becton-Dickinson, San Jose, CA).

2.9. Caspase-3 activity assay

HDF treatment protocol described above was
applied to caspase-3 activity assay. HDFs were col-
lected and lysed with lysis buffer containing 10 mM
Tris—HCl, 10 mM NaH2PO4/NaHPO4, pH 7.5, 130 mM
NaCl, 1% Triton1-X-100, and 10 mM sodium pyropho-
sphate. Following ice incubation for 30 min, cell
lysates were centrifuged at 4 8C, 14,000 rpm for
15 min. The supernatant was collected and cas-
pase-3 activity was analyzed using an Ac-DEVD-
AMC protease assay kit (BD Pharmingen, San Diego,
CA), according to the manufacturer’s guide.

2.10. Statistical analysis

Data are representative of three or more indepen-
dent experiments. Student’s t-test was used for

statistical analysis. p < 0.05 and p < 0.01 were con-
sidered significant.

3. Results

3.1. Characterization of ADSCs

In our isolation and culture methods, ADSCs
expanded easily in vitro, and exhibited a fibro-
blast-like morphology similar to that of BM-MSCs.
Flow cytometric characterization of ADSCs was per-
formed as described previously [15]. To verify the
multipotent differentiation, ADSCs were subjected
to media known to induce adipogenic, osteogenic
and chondrogenic lineages. Adipogenic differentia-
tion was identified by Oil Red O staining of intra-
cellular lipid droplets (Fig. 1A), osteogenic
differentiation by Alizarin red S staining of miner-
alization of the matrix (Fig. 1B), and chondrogenic
differentiation by Alcian blue staining of cartilage-
specific proteoglycan (Fig. 1C).

3.2. Antioxidant effect of ADSC-CM

Conditioned media of ADSCs in serum-free condition
was collected after culturing 72 h. The antioxidant
activity of diluted ADSC-CM was directly measured
and comparedwith ascorbic acid (Fig. 2). Contrary to
normal culture medium, ADSC-CM had potent anti-
oxidant activity as effective as 100 mM ascorbic acid.

3.3. Soluble factors secreted from ADSCs

Based on the proteomic analysis of ADSC-CM, 112
proteins were totally detected including SOD2.
Representative proteins showing antioxidant effects
on epithelial cells in previous reports were selected
and listed in Table 1 [7,10,12—14]. In addition to
proteomic analysis, preliminary studies have ana-
lyzed the contents of soluble factors inADSC-CMusing
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Table 1 Proteomic analysis of ADSC-CM

AC Gene MW Description

IPI00018305 IGFBP3 32,666 Insulin-like growth factor-binding protein 3 precursor
IPI00305380 IGFBP4 29,113 Insulin-like growth factor-binding protein 4 precursor
IPI00029236 IGFBP5 31,576 Insulin-like growth factor-binding protein 5 precursor
IPI00029235 IGFBP6 26,219 Insulin-like growth factor-binding protein 6 precursor
IPI00016915 IGFBP7 30,138 Insulin-like growth factor-binding protein 7 precursor
IPI00007793 IL6 23,931 Interleukin-6 precursor
IPI00215621 IL8 11,616 Isoform 2 of Interleukin-8 precursor
IPI00302679 LTBP1 160,801 Latent transforming growth factor beta binding protein 1 isoform LTBP-1S
IPI00292150 LTBP2 204,059 Latent transforming growth factor beta-binding protein 2 precursor
IPI00006114 SERPINF1 46,484 Pigment epithelium-derived factor precursor
IPI00022314 SOD2 24,878 Superoxide dismutase [Mn], mitochondrial precursor
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ELISA, and observed that ADSCs produced a variety of
growth factors (platelet-derived growth factor, pla-
centa growth factor, keratinocyte growth factor, FGF,
HGF, and VEGF) and SOD3, some of which might be
involved in antioxidant action of ADSCs.

3.4. Effect of ADSC-CM on the morphology
of HDFs incubated with tbOOH

Normal HDFs not treated with tbOOH exhibited a
typical fibroblastic (spindle-like) morphology. Most
of these cells turned thin, shrank and finally died
after being treated with tbOOH (Fig. 3A). Cell
damage became severe with an increase in tbOOH

Antioxidant action of adipose-derived stem cells 137

Fig. 2 Antioxidant activity of ADSC-CM compared with
normal culture medium (N/C) and ascorbic acid (100 mM).
Double asterisks denote significant differences (p < 0.01).

Fig. 1 In vitromulti-lineage differentiation potentials of ADSCs were investigated. Adipogenesis was demonstrated by
Oil Red O staining (A), osteogenesis by Alizarin red S staining (B) and chondrogenesis by Alcian blue staining (C). Cells were
treated with either control (left pannels) or differentiation media (right pannels).
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concentration. However, HDFs maintained the fibro-
blastic appearance and vividness in the presence of
ascorbic acid and ADSC-CM when tbOOH attacked
(Fig. 3B—D). In a preliminary study, ADSCs and HDFs
were co-cultured in a transwell system and antiox-
idant capacity was compared with ADSC-CM. Pro-
tective effect of ADSCs on HDFs was less potent than
that of ADSC-CM, so ADSC-CM was used for the
further studies of antioxidant action. It is reason-
able to assume that a concentration of secreted
proteins in the ADSC-CM is much higher than that
found in the co-culture system in the early culturing
period, and that slow accumulation of soluble fac-
tors in the co-culture system could be responsible
for the low antioxidant capacity.

3.5. Survival of HDFs treated with tbOOH
in the presence of ADSC-CM

Cell survival assay revealed that tbOOH treatment
decreased the survival rate of HDFs. However, incu-
bation of ADSC-CM before tbOOH treatment aided
HDFs in survival from the oxidative injury caused by
tbOOH (Fig. 4). Compared with ADSC-CM which
showed potent protective effect on HDFs, ascorbic
acid only slightly increases the survival rate of HDFs
in this experiment. Although ADSC-CM and ascorbic

acid have similar antioxidant activity, ADSC-CM
exhibited a more potent protective effect on HDFs
in tbOOH-induced oxidative injury. In addition to
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Fig. 3 Effect of ascorbic acid and ADSC-CM on the morphology of HDFs in tbOOH-induced (200 mM) oxidative injury.
Untreated control (A), 100 mM ascorbic acid (B), 50% ADSC-CM (C), and 100% ADSC-CM treatment (D).

Fig. 4 Effect of ascorbic acid and ADSC-CM on the cell
survival rate of HDFs in diverse concentrations of tbOOH
induced oxidative injury (black bars for normal culture
media; white bars for ascorbic acid; red bars for 50% ADSC-
CM and green bars for 100% ADSC-CM). Statistical differ-
ences were compared with normal culture media in 100—
400 mM tbOOH concentration (*p < 0.05, **p < 0.01).
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scavenging the free radicals in the culture medium,
additional mechanisms for protecting HDFs may be
involved in ADSC-CM. Mickle et al. have demon-
strated that ascorbic acid were effective antioxi-
dants for myocytes, while SOD was more effective
than ascorbic acid for endothelial cells and fibro-
blasts [21]. It seems that each cultured cell type has
a different susceptibility to free radical damage and
antioxidant activity is different according to cell
types.

3.6. Effect of ADSC-CM on SOD and GPx
activity in the HDFs

To further confirm the hypothesis that ADSCs protect
HDFs through antioxidant action, we directly mea-
sured SOD and GPx activities in HDFs. Fig. 5 shows
that ADSC-CM treatment increased both SOD andGPx
activities in HDFs. Compared with SOD activity (1.37
fold increase), ADSC-CM significantly enhanced the
GPx activitiy (2.5 fold increase) in HDFs from severe
oxidative stress. Ascorbic aciddidnot change the SOD
activity but slightly induced GPx activity (1.5 fold
increase).

3.7. Effects of ADSC-CM on the apoptosis
of HDFs in oxidative injury

To study the role of ADSC-CM on cell cycle progres-
sion in oxidative injury, we examined cell cycle

distribution profiles by flow cytometry using propi-
dium iodide staining of DNA content. In the absence
of free radical, DNA content of HDFs did not change
with ADSC-CM treatment (Fig. 6A and B). Treatment
with tbOOH for 6 h caused an increase in sub-G1
(apoptotic) cells with respect to untreated cells
(from 0.7 to 8.4%) (Fig. 6C). When ADSC-CM was
incubated for 24 h before tbOOH treatment, a sig-
nificant reduction of apoptotic cells was observed
(8.4% versus 5.1%) (Fig. 6D). This decrease in sub-G1
cells suggests a protective role for ADSC-CM during
the apoptotic phenomenon. However, co-treatment
of ADSC-CM and tbOOH did not reduced apoptotic
cells (data not shown). This phenomenon may be
due to the time-dependent action of secretory fac-
tors in ADSC-CM. In addition to free radical scaven-
ging action, antioxidant proteins such as IGF and
PDGF may activate cell membrane receptors and
ultimately activate SOD and GPx activities in the
HDFs. Therefore, pretreatment of ADSC-CM is effec-
tive for the resistance of free radicals induced by
tbOOH. Besides, several studies have demonstrated
that pretreatment protects fibroblasts from free
radicals produced by various sources. For example,
melatonin pretreatment reduced apoptotic cell
death more than 60% following UV exposure, while
melanin treatment after UV irradiation decreased
only 40% of apoptosis [22].

Similar experimental results were reproduced by
caspase-3 activity assay. tbOOH treatment
increased the caspase-3 activity by 2.8 fold, which
was reversed by ADSC-CM pretreatment (2.1 fold
increase compared with control). This result also
suggests the anti-apoptotic effect of ADSC-CM in
tbOOH-induced oxidative injury.

4. Discussion

From results of the present study, particularly the
cell morphology and cell survival rate, it was
demonstrated that ADSC-CM aids HDFs to survive
in tbOOH-induced oxidative stress. Secretary pro-
teins from ADSC-CM such as SOD and some cytokines
may mediate the protective effects and play key
roles in the survival and the maintenance of HDF
morphology. To our knowledge, this may be the first
indication that stem cells have potent antioxidant
action and ADSCs protect HDFs through antioxida-
tion, which imply the application of ADSCs and their
secretory factors in wound healing and photo-aging.

Cells in the body possess a wide range of inter-
linked antioxidant defense mechanisms to protect
themselves from damage by reactive oxygen species
(ROS). Among these mechanisms, antioxidant
enzymes, including SODs and GPx, are important
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Fig. 5 Effect of ascorbic acid and ADSC-CM on the
activities of SOD (A) and GPx (B) in HDFs from tbOOH-
induced oxidative injury (*p < 0.05, **p < 0.01).
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in scavenging ROS remaining in the cells. GPx is
active against H2O2 and lipid peroxides by catalyzing
the reactions of gutathione with these compounds,
and is considered to be the most important antiox-
idant enzyme. SODs are metalloenzymes that cata-
lyze the dismutation of the superoxide anion to
molecular oxygen and hydrogen peroxide and thus
form a crucial part of the cellular antioxidant
defense mechanism. Three forms of SOD exist in
cells and tissues: cytosolic Cu/Zn-SOD (SOD1), mito-
chondrial Mn-SOD (SOD2) and extracellular SOD
(SOD3). Evidence suggests that both Cu/Zn-SOD
and Mn-SOD are important in cell defense against
oxygen toxicity. MnSOD was reported to be induced
in response to stimuli such as tumor necrosis factor
(TNF), and increased expression of MnSOD can
diminish oxygen radical mediated injuries and the
cytotoxic effects of TNF [23]. Increased activities of
SOD and GPx in HDFs are proportionate to the con-
centration of ADSCs-CM and are strongly involved in
the antioxidant action of cells. Therefore, increased
SOD and GPx activities may account for the
increased survival rates of HDFs.

Although there are few reports about the anti-
oxidant action of stem cells, the protective effect of
some cytokines on the epithelial cells from free

radicals is well documented. For example, IGF pro-
tected fibroblasts and intestinal epithelial cells, and
HGF have a protective effect on retinal pigment
epithelium in oxidative injury [10—12]. Also, FGF,
PEDF and IL-6 reduce the epithelial cell death
induced by hydrogen peroxide [14,24]. In the pro-
teomic and ELISA analysis of ADSC-CM, several pro-
teins were detected such as SOD, IGF, TGF, FGF,
PEDF, HGF, and ILs, which have antioxidant effects.
In our study, SOD and these antioxidant cytokines
secreted from ADSCs may synergistically protect
HDFs from tbOOH-induced oxidative injury.

Wound healing consists of an orderly progression
of events that re-establish the integrity of the
damaged tissue. The initial response of skin injury
is the formation of a fibrin clot and extracellular
matrix to prevent blood loss and infection. The clot
is only a temporary barrier and is replaced with
migrating keratinocytes to reconstitute a functional
epithelium. After the new epithelium is established,
remodeling of the dermis continues for a period of
months. Various cells, proteins, and cytokines are
involved in this period. Of them, ADSCs have impor-
tant roles and affect the wound healing through
production of various cytokines [8,9]. In addition
to previously proven activities (increasing the col-
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Fig. 6 Cell cycle analysis of DNA contents. Untreated HDFs and HDFs incubatedwith ADSC-CM show a similar distribution
of cell cycle phases (A and B, respectively). However, tbOOH treated cells significantly increased sub-G1 (apoptotic) cells
(C), which were reversed by ADSC-CM pretreatment (D).
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lagen synthesis and activating the proliferation/
migration of HDFs) [15], the antioxidant effects of
ADSCs via the paracrine routes may explain the
accelerated wound healing in this period.

Skin provides an excellent model for the study of
aging. UV rays are mainly responsible for cutaneous
aging. They alter the cells and amorphous and fibril-
lary structures of the skinby variousmechanisms such
as altering the spatial structure of proteins, nucleic
acids, and membrane damage. All these events are
mediated by formation of free radicals and believed
to be fundamental factors of photo-aging. The con-
stitutive elements of skin tissues including keratino-
cytes, melanocytes and fibroblasts can be easily
cultivated and used for cellular and molecular
mechanism. Although we have not examined the
effects of ADSCs or ADSC-CM on the UV-induced skin
elements, future studies on these issues may enrich
our knowledge on photo-aging.

In summary, we examined the antioxidant effect
of ADSCs on HDFs using an in vitro culture model.
ADSC-CM has anti-oxidant activity as potent as
100 mM ascorbic acid. Morphological change and cell
survival assay revealed that ADSC-CM treatment
aided HDFs to survive from oxidative stress. Activ-
ities of SOD and GPx in HDFs were enhanced with the
incubation of ADSC-CM in a dose-dependent manner.
In a cell cycle analysis, ADSC-CM treatment reversed
the apoptotic cell death induced by tbOOH and
caused a decrease of sub-G1 cells, with respect to
untreated cells. The anti-apoptotic effect of ADSC-
CM was also reproduced by caspase-3 activity assay.
Collectively, these results indicated that ADSCs have
potent antioxidant activity, protect HDFs from oxi-
dative injury by decreasing apoptotic cells. There-
fore, ADSCs and ADSC-CM are good candidates for
control and prevention of skin damage from free
radicals in various skin conditions including wound
healing and anti-aging.
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