
REPORT

Regenerative and reparative effects of human chorion-derived stem cell conditioned
medium on photo-aged epidermal cells

Qiankun Lia,b, Yan Chenc, Kui Mab, Along Zhaob, Cuiping Zhangb, and Xiaobing Fua,b

aWound Healing and Cell Biology Laboratory, Institute of Basic Medical Science, Chinese PLA General Hospital, Beijing, China; bKey Laboratory of
Wound Repair and Regeneration of PLA, the First Affiliated Hospital, General Hospital of PLA, Beijing, China; cDepartment of Pharmacy, General
Hospital of Beijing Military Region, DongCheng District, Beijing, China

ARTICLE HISTORY
Received 22 January 2016
Revised 18 February 2016
Accepted 18 February 2016

ABSTRACT
Epidermal cells are an important regenerative source for skin wound healing. Aged epidermal cells have a
low ability to renew themselves and repair skin injury. Ultraviolet (UV) radiation, particularly UVB, can
cause photo-aging of the skin by suppressing the viability of human epidermal cells. A chorion-derived
stem cell conditioned medium (CDSC-CNM) is thought to have regenerative properties. This study aimed
to determine the regenerative effects of CDSC-CNM on UVB-induced photo-aged epidermal cells.
Epidermal cells were passaged four times and irradiated with quantitative UVB, and non-irradiated cells
served as a control group. Cells were then treated with different concentrations of CDSC-CNM. Compared
to the non-irradiated group, the proliferation rates and migration rates of UVB-induced photo-aged
epidermal cells significantly decreased (p < 0.05) with increasing intracellular radical oxygen species (ROS)
generation and DNA damage. After treatment with CDSC-CNM, photo-aged epidermal cells significantly
improved their viability, and their ROS generation and DNA damage decreased. The secretory factors in
CDSC-CNM, including epidermal growth factor (EGF), transforming growth factor-b (TGF-b), interleukin
(IL)-6, and IL-8 and the related signaling pathway protein levels, increased compared to the control
medium (CM). The potential regenerative and reparative effects of CDSC-CNM indicate that it may be a
candidate material for the treatment of prematurely aged skin. The functions of the secretory factors and
the mechanisms of CDSC-CNM therapy deserve further attention.
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Introduction

Epidermal cells are an important regenerative source for
skin wound healing. Aged epidermal cells have a low ability
to renew themselves and repair skin injury. Photo-aging is
the superimposition of chronic UV-induced damage on
intrinsic skin aging and accounts for most age-related
changes in skin appearance.1 UV radiation from the sun
induces several harmful responses, including erythema,
edema, sunburn, wrinkles, hyper-pigmentation, immunosup-
pression and even skin cancer.2 Generally speaking, UV con-
tains UVA (320 – 400 nm), UVB (280 – 320 nm), UVC (200
– 280 nm) and VUV (vacuum UV, 100 – 200 nm).
Although VUV and UVC are absorbed by oxygen and the
ozone sphere, UVB and UVA reach our skin and contribute
significantly to photo-aging. Short wavelength ultraviolet
radiation (UVB) injures the epidermis, and longer wave-
length UV radiation (UVA) penetrates to the dermis.
Although UVA accounts for more than 90% of the total UV
radiation and is constant throughout the year, UVB photons
are one thousand times more capable of causing sunburn
than UVA and cause skin photo-aging by suppressing the
viability of human epidermal cells.3,4

Photo-aging is defined as the accelerated aging of the skin
from exposure to sunlight. It causes fine lines, discoloration
and stratum corneum thickening. These changes are mostly
triggered by increased cellular ROS and ultimately induce
mitochondrial DNA deletions with extracellular matrix deg-
radation.5 Various methods have been developed to inhibit
UV damage to human skin, including plant compounds, fill-
ers of autologous graft and botox injections,6-8 but their ther-
apeutic efficacy and safety are not always satisfactory. The
secretory factors of adipose- and bone marrow-derived stem
cells have also been used to treat wrinkles in prematurely
aging skin.9-11 However, there is a lack of studies on the
photo-aging reparative potential of chorion-derived stem
cells (CDSCs) isolated from the human placenta. The pla-
centa is the nutrition source for fetal development, and
recent reports revealed the presence of abundant growth fac-
tors in the supernatant of cells from the placenta, including
basic fibroblast growth factor (b-FGF), EGF and TGF-b.12,13

These cytokines are known to have regenerative properties
in wound healing. Moreover, mitogen-activated protein kin-
ases (MAPKs) are members of the serine/threonine kinase
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family and include p38 MAPK, c-Jun NH2-terminal kinase
(JNK), and extracellular signal-regulated kinases 1 and 2
(Erk1/2). MAPKs are activated by external stress stimuli,
such as heat shock, cytokines, and UV radiation, and are
involved in cellular proliferation, survival, and apoptosis.
UVB radiation triggers apoptosis in human keratinocytes
and is mediated by several cellular pathways, including
MAPK-regulated signaling pathways14 and, to a large extent,
the Bcl-2/Mcl-1-inhibitable process.15-17 The Erk signaling
pathway plays a crucial role in regulating normal cell prolif-
eration, survival, and differentiation.18,19

To obtain evidence of the regenerative and reparative effects
of CDSC-CNM and to further understand the mechanism
underlying the protective effect of CDSC-CNM against UVB-
induced skin photo-aging, we examined the cell vitality, ROS
formation and DNA damage of photo-aged epidermal cells.
Secretory CDSC factors and the protein levels of related signal-
ing pathways in UVB-irradiated keratinocytes after CDSC-
CNM treatment were assessed.

Results

CDSC characteristics

CDSCs have a fibroblast-like morphology (Fig. 1A). Flow
cytometry revealed that CDSCs expressed a specific mesenchy-
mal stromal cell (MSC) phenotype in which cells were positive
for CD73, CD90 and CD105 and negative for CD19, CD34,
CD45 and HLA-DR (Fig. 1C).

Photo-aged HaCaT cells showed decreased proliferation
activities

Normal human immortalized keratinocytes (HaCaT cells) were
cultured in a growth medium (GM) (Fig. 1B). The GM was
consisted of DMEM with 10% FBS and 1% penicillin–strepto-
mycin (0.1 mg/mL penicillin and 100 U/mL streptomycin).
The formation of photo-aged HaCaT cells induced by UVB
was confirmed by significantly decreasing cellular proliferation
rates (Fig. 2) compared with normal keratinocytes cultured in

Figure 1. Characteristics of MSCs derived from the placenta. (A) Morphology of MSCs derived from the placenta. The morphology of CDSCs exhibited the typical fibro-
blast-like morphology of MSCs. (B) Morphology of normal HaCaT cells cultured in a growth medium. (C) Flow cytometric analysis revealed that CDSCs were positive for
specific MSC phenotype markers (CD73, CD90 and CD105) and negative for MSC phenotype markers (CD19, CD34, CD45 and HLA-DR).
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either GM or CM. The CM was consisted of DMEM with 1%
FBS and 1% penicillin–streptomycin.

CDSC-CNM improved cellular proliferation rates of photo-
aged HaCaT cells

The proliferation rates of photo-aged HaCaT cells cultured in
CDSC-CNM significantly increased compared with those cul-
tured in the CM. The proliferation rates were highest for
photo-aged HaCaT cells cultured in 75% CDSC-CNM (Fig. 3),
even though this proliferation rate was lower than that of nor-
mal HaCaT cells cultured in CM.

The effect of CDSC-CNM in modulating cell cycle
progression of photo-aged HaCaT cells

To study the changes in the cell cycles of the induced cells,
three cell subpopulations (G0/G1, S and G2/M) were evaluated
by performing a flow cytometric measurement of the DNA dis-
tributions of the cells. A decrease in cell proportion was shown
in the S and G2/M subpopulations of UVB-irradiated HaCaT
cells compared with the normal group in CM, indicating low
cell division and proliferative abilities of the photo-aged cells.
However, after CDSC-CNM treatment in the photo-aged
groups, the cell numbers in the S and G2/M phases increased
by varying amounts (Fig. 4A). The data suggest that 50% and
75% CDSC-CNM prompted more cells to enter into the prolif-
erative phase (Fig. 4B).

Photo-aged HaCaT cells cultured in CDSC-CNM showed
improved cellular migration

The images indicated that CDSC-CNM has the ability to accel-
erate the cellular migration of photo-aged HaCaT cells. The
50% CDSC-CNM showed the fastest speed of cellular scratch
healing (Fig. 5A), and non-irradiated HaCaT cells closed the
scratch at 16 h. Photo-aged HaCaT cells cultured in 50% as
well as in 75% CDSC-CNM showed significantly increased

cellular migration rates compared with those grown in the CM
(Fig. 5B).

Antioxidant activity in UVB-irradiated HaCaT cells from
CDSC-CNM

The images showed the ROS generation in HaCaT cells after
UVB radiation in the CM and in the presence of various con-
centrations of CDSC-CNM (Fig. 6A). As observed, a certain
fluorescence signal was observed due to the basal metabolism
of HaCaT cells in the absence of irradiation. When cells were
irradiated with 1000 J/m2 in CM, a fluorescence signal showed
a significant increase (97%) compared with basal condition
(0%) due to UVB-induced ROS generation. In the presence of
CDSC-CNM, the fluorescence intensity decreased significantly
(p<0 .001) compared to irradiated cells in CM. The ability of
CDSC-CNM to inhibit ROS generation showed a 56% ROS
decrease at 50% CDSC-CNM and a 78% ROS decrease at 75%
CDSC-CNM compared to irradiated cells in CM (Fig. 6B).

Effects of CDSC-CNM on UVB-induced DNA damage

The degree of nuclear DNA damage in individual cells exposed
to UVB was shown by comet assay. The fluorescent images
showed representative pictures of the effect of combined extract
on comet electrophoresis gels for HaCaT cells that were either
irradiated at 1000 J/m2 or not irradiated and the corresponding
gels’ quantification (Fig. 7A). The comet score of photo-aged
HaCaT cells increased considerably, indicating increased DNA
damage. By contrast, the presence of 50% CDSC-CNM signifi-
cantly reduced the DNA damage (p < 0.05) by 26% compared
with irradiated cells in CM (Fig. 7B).

Analysis of CDSC-CNM

To investigate growth factors secreted from CDSCs, we per-
formed a cytokine array that is related to epidermic cells.
CDSC-CNM contains multiple growth factors, such as EGF,
TGF-b, interleukin (IL)-6 and IL-8. The spots were

Figure 2. The formation of photo-aged HaCaT cells induced by UVB was con-
firmed. Proliferation rates of photo-aged HaCaT cells decreased compared with
normal keratinocytes cultured in a growth medium (GM) or control medium (CM).

Figure 3. Effects of the chorion-derived stem cell conditioned medium (CDSC-
CNM) on photo-aged HaCaT cell proliferation. To determine the proliferation rates,
photo-aged HaCaT cells were cultured with different concentrations of CDSC-CNM
for 72 h. Photo-aged HaCaT cells were cultured in CM as a control. The data are
expressed as the mean of 6–8 replicates § SD. � (P < 0.05), �� (P < 0.01) and ���

(P < 0.001) indicate significant differences compared with non-irradiated cells in
the same concentration of CDSC-CNM.
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proportional to standard positive spots; CDSC-CNM contained
5-fold higher IL-6, 4-fold higher IL-8 and 2-fold higher mono-
cyte chemotactic protein 1 (MCP-1) than did the CM (Fig. 8).

Mcl-1 and phosphorylated Erk1/2 (p-Erk1/2) protein levels
in HaCaT cells after treatment with CDSC-CNM

The exposure of HaCaT cells to UVB radiation considerably
reduced the expression of the Mcl-1 and p-Erk1/2 proteins.
However, this was reversed by CDSC-CNM. The results pre-
sented here show that the Mcl-1 protein levels of photo-aged
HaCaT cells increased after CDSC-CNM treatment (Fig. 9A).
CDSC-CNM modulated Erk1/2 signaling in UVB-irradiated

cells to favor cell survival. Specifically, CDSC-CNM prevented
the UVB-mediated dephosphorylation of Erk1/2 (Fig. 9B).

Discussion

Photo-aging can cause wrinkles, hyper-pigmentation, epider-
mal hyperplasia and even skin cancer. UVB effects the epider-
mal basal cell layer of the skin, causing sunburn, tanning and
pigmented spots and accelerating skin aging.20 With improve-
ments in health care, more and more people are paying atten-
tion to photo-aging and are careful to protect their skin from
the sun. Sunscreen is a topical measure to prevent skin from
inadvertent UV exposure.21 Dietary plant compounds may

Figure 4. Effects of the chorion-derived stem cell conditioned medium (CDSC-CNM) on the cell cycle progression of photo-aged HaCaT cells. After being treated with
CDSC-CNM, HaCaT cells were stained with PI and analyzed using flow cytometry. (A) a: Non-irradiated HaCaT cells in a control medium (CM); b: UVB-irradiated HaCaT cells
in CM; c-f: UVB-irradiated HaCaT cells treated with 25%, 50%, 75% and 100% CDSC-CNM, respectively. (B) The percentage of HaCaT cells in the G0/G1, S and G2/M phases
following treatment with different concentrations of CDSC-CNM. Data are presented as the average § SD from three independent experiments.
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significantly contribute to lifelong protection of the skin. Car-
nosol, naringenins, rosmarinic acid,22 polyphenols of green tea
and prunella vulgaris extract have been postulated to be effec-
tive agents for attenuating the cell-damaging effects of both UV
radiation and ionizing radiation.6,23-25 Moreover, fillers of
autologous young fibroblasts isolated from gingiva and autolo-
gous adipose cells from the abdomen have been used to treat
wrinkles. Many methods have been used for skin repair, such
as stem cell injection and somatic cells reprogramming for tis-
sue regeneration.26 However, efficacious and safe treatments to
repair photo-injured skin need further research. In this study,
CDSC-CNM has shown efficient regenerative and reparative
effects on UVB-irradiated keratinocytes.

CDSCs were isolated from the human placenta, where
maternal and fetal nutrient and gas exchange occurs. The
human placenta, previously considered disposable postpartum
tissue, is an abundant source of human stem cells that are capa-
ble of proliferation and differentiation into the mesodermal
lineage in vitro.27 The chorion is the outer membrane sur-
rounding the fetus and comprises mesenchymal and tropho-
blastic regions. The stem cells derived from fetal membrane
have immunoregulatory action because fetal tolerance inhibits
T-cell proliferation and the activation of natural killer cells.28

As shown in our experiments, CDSCs present with a
fibroblast-like morphology and express multiple markers
that are characteristic of MSCs.29,30 These placenta-derived
MSCs may be less vulnerable to immunological reactions
and may have a rich secretion function. The results of cell
proliferation, cycle and migration indicate that CDSC-CNM
has the capacity to promote cell division and increase the
survival of UVB-irradiated keratinocytes. Our results reveal
that the supernatant of CDSCs may have a mechanism of
photoprotective properties related to its capacity to decrease
the generation of intracellular radical species, such as H2O2,
OH and peroxynitrite, that have been directly linked to
DNA oxidative damage.31,32 Intracellular ROS is one of the
most damaging effects of UV radiation on skin. The excited
oxygen electrons of ROS alter the redox state of the cells,
inducing apoptosis and tissue injury and contributing to
altered cell growth and differentiation or to the develop-
ment of skin cancer.33 As our results showed a decreased
number of UV-induced DNA breaks, CDSC-CNM may
either attenuate the genotoxic effects of UV radiation or
protect the DNA repair machinery.

The molecular mechanism of photo-aging is mostly trig-
gered by ROS-mediated activation of cell surface receptors,

Figure 5. Effects of the chorion-derived stem cell conditioned medium (CDSC-CNM) on photo-aged HaCaT cell migration. Images were acquired at 0 and 16 h after
incubation using fluorescence or a phase-contrast microscope in an in vitro scratch assay. (A) HaCaT cells were cultured with different concentrations of CDSC-CNM. The
dotted lines define the areas of cells migration. The non-irradiated HaCaT cells closed the scratch at 16 h (photo not shown). (B) The rate of migration was measured by
quantifying the total distance that the HaCaT cells had moved relative to the scratch (marked by imaginary dotted lines). The data are expressed as the mean of 6-8
replicates § SD.� (P < 0.05) and ��� (P < 0.001) indicate significant differences compared with non-irradiated cells in the same concentrations of CDSC-CNM.
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which leads to the stimulation of stress-associated kinase path-
ways that are mediated by the activator protein 1 (AP-1)
nuclear transcription factor.34 AP-1 prompts prostaglandin
release, keratinocyte proliferation and a loss of collagen synthe-
sis,35 resulting in the gene expression of matrix metalloprotei-
nase (MMP) to inhibits membrane TGF-b1 receptor gene
expression.36-38 Together, these factors contribute to accelerate
extracellular matrix degradation with subsequent damage to
lipids, proteins and mitochondrial and nuclear DNA. There-
fore, we speculate that the inhibition of UV-induced intracellu-
lar ROS is concomitant with a certain level of DNA protection.
The potent ROS-scavenging capability of CDSC-CNM is
important in the cellular reparative process.

In our experiments, 50% or 75% CDSC-CNM showed the
best regenerative and reparative effects on photo-aged epider-
mal cells. In the cultivation process of CDSCs, active factors
were secreted, but nutrients in the supernatant that maintain
cell growth were self-consumed. In addition, the improved
TGF-b signaling of photo-aged HaCaT cells in 50% or 75%
CDSC-CNM might be caused by secretory factors that contain

short-mRNAs, which interfere with the genetic programming
and induce TGF-b receptor gene repair of photo-aged HaCaT
cells. By contrast, the impairment of the TGF-b signaling path-
way might result in decreasing activities of photo-aged HaCaT
cells.

Many researchers are now focusing on stem cell secretory fac-
tors for regenerative medicine because stem cells still express a
major histocompatibility complex (MHC) on their membranes,
leading to a risk of donor rejection if used as transplanted for-
eign material.39 Various experiments have shown that factors
secreted by stem cells into the conditioned medium have regen-
erative properties. For example, an adipose-derived stem cell-
conditioned medium can induce proliferation and type I colla-
gen synthesis and inhibit MMP-1 expression in UVB-irradiated
HDFs.10,40 These effects may be attributed to the antioxidant
action of the conditioned medium of adipose-derived stem cells,
as previously reported by Kim et al.41 Similar to adipose-derived
stem cells, CDSCs also release various active factors into their
conditioned medium. Recent reports have demonstrated that
high levels of cytokines can be extracted from chorion-derived

Figure 6. Measurement of intracellular ROS generation by the H2DCFDA fluorescent probe. (A) CDSC-CNM decreases UVB-induced ROS in photo-aged HaCaT cells. (B)
Total fluorescence is expressed as arbitrary units. The data are expressed as the mean § SD. ��� (P < 0.001) indicates significant differences compared with non-irradiated
cells in the same concentrations of CDSC-CNM.
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materials and that placenta-derived stem cells secrete various
growth factors, including b-FGF, EGF, TGF-b, IL-6, IL-8, IL-10
and tissue inhibitors of metalloproteinases.42 These factors
might play a vital role in the regenerative and reparative effects
on UVB-irradiated keratinocytes. EGF is specialized to acceler-
ate the proliferation of epidermal cells. The TGF-b level of a
supernatant is related to the vitality of cells, and the TGF-
b–smad signaling pathway is well known to be important in the
migration of keratinocytes.36,43 Moreover, IL-6 and IL-8 induce
epithelialization by triggering the migration of fibroblasts and
keratinocytes.44,45 Furthermore, various molecules and mecha-
nisms may be involved in the reparative process, including the
inhibition of the UVB-induced p53 reporter, the activation of
the Wnt/b-catenin signaling pathway and high NF-E2-related
factor 2 (Nrf2) activity that protects basal keratinocytes from
ROS damage.46-48 CDSC-CNM prevents UVB-induced apopto-
tic cell death in human HaCaT cells by modulating Bcl-2, Mcl-1,
and Bax expression as well as by regulating MAPK and mito-
chondrial signaling pathways. IL-6 in the conditioned medium
induced an increase in Mcl-1 protein levels in HaCaT cells by
regulating the JAK/STAT signaling pathway. The level of p-
Erk1/2 protein, which is correlated with the activation of MAPK

Figure 7. The comet assay of photo-aged HaCaT cells. (A) CDSC-CNM decreases UVB-induced DNA strand break formation in HaCaT cells. To evaluate DNA dam-
age, 50 cells (nuclei) per slide were analyzed. (B) Total damage was expressed in arbitrary units and determined as described in the materials and methods
section. The data are expressed as the mean § SD. � (P < 0.05) indicates significant differences compared with non-irradiated cells in the same concentrations
of CDSC-CNM.

Figure 8. Analysis of cytokines in CDSC-CNM. CDSCs were incubated in DMEM con-
taining 10% FBS and 1% antibiotic-antimycotic. After 72 h, the supernatant was
collected and examined with the cytokine ELISA kit. Secretory factor cytokine levels
in the chorion-derived stem cell-conditioned medium (CDSC-CNM) were compared
with the control medium (CM). The data are expressed as the mean of 6–8 repli-
cates § SD. � (P < 0.05) and �� (P < 0.01) indicate significant differences com-
pared with CM.
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signaling, also increased after treatment with CDSC-CNM.
Therefore, secretory factors modulate the expression of anti-
and pro-apoptotic effectors to safeguard HaCaT cells against
UVB radiation. However, the definite mechanisms of the secre-
tory factors of CDSCs need further study.

In conclusion, this study demonstrated the regenerative and
reparative effects of CDSC-CNM on photo-aged epidermal
cells in vitro. Considering all of the above-mentioned evidence
after CDSC-CNM treatment, the increased cell survival and the
decreased intracellular ROS generation and DNA damage, we
suggest that CDSC-CNM may be able to attenuate further
major events leading to photo-aging. Although molecular
mechanism research and future in vivo studies are required, we
believe that CDSC-CNM is potentially applicable in aging resis-
tance and skin photo-aging treatment.

Materials and methods

Ethics statement: Tissues were obtained from human subjects
after they provided informed consent. The protocol was
approved by the national ethics committee in China.

Materials

The HaCaT cells were obtained from ATCC Cell Lines Service
(Manassas, VA, USA). Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), phosphate-buffered saline

(PBS) and penicillin–streptomycin were obtained from Gibco
(Carlsbad, CA, USA). A human MSC analysis kit was obtained
from BD Biosciences (San Jose, CA, USA). UVB light was pur-
chased from Philips (Germany). Cell count kit-8 (CCK-8) was
purchased from Dojindo (Kumamoto, Japan). Propidium
iodide was purchased from Sigma (St Louis, MO, USA). 2’, 7’-
Dichlorodihydrofluorescein diacetate (H2DCFDA) was pur-
chased from KeyGEN Biotechnologies Co. (China). The
reagent kit for a single-cell gel electrophoresis assay was
obtained from Trevigen Inc. (Gaithersburg, MD, USA). SYBR
Green I was purchased from Gibco (Carlsbad, CA, USA).
Human EGF enzyme-linked immuno sorbent assay (ELISA),
human TGF-b ELISA, human IL-6 ELISA and human IL-8
ELISA kits were purchased from Rapidbio (West Hills, CA,
USA). The primary anti-Mcl-1, -phospho-Erk1/2 (Thr202/
Tyr204) and -Erk1/2 antibodies were purchased from Cell Sig-
naling Technology (Beverly, MA). All other chemicals were
analytical grade.

Cell isolation and culture

CDSC isolation and culture
Informed consent was obtained from all subjects in accordance
with the regulations of the Department of Obstetrics and Gyne-
cology, Chinese PLA General Hospital, Beijing, China.

Human placenta tissue was obtained from tissue that was
disposed after cesarean section. The obtained samples were

Figure 9. CDSC-CNM regulates the related signaling pathway protein levels and prevents UVB-induced apoptosis. Non-irradiated HaCaT cells were cultured in the
control medium (CM) and CDSC-CNM. UVB-irradiated HaCaT cells were also treated with CM and CDSC-CNM. (A) HaCaT cell lysates were electrophoresed in SDS-
polyacrylamide gels, transferred to nitrocellulose membranes, and immunoblotted with antibodies specific for Mcl-1 and GADPH. (B) HaCaT cell lysates were elec-
trophoresed in SDS-polyacrylamide gels, transferred to nitrocellulose membranes, and immunoblotted with antibodies specific for Erk1/2 and p-Erk1/2. The data
are expressed as the mean § SD. �� (P < 0.01) indicates significant differences compared with control cells. # (P < 0.05) indicates significant differences com-
pared with UVB-irradiated cells treated with CM.
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washed with PBS and digested with 0.1% collagenase type II
(Sigma-Aldrich, St Louis, MO, USA) in a thermostatic shaker
THZ-881K (China) at 250 r/min for 90 min at 37�C. The
digested samples were washed twice with PBS and centrifuged
at 2000 r/min for 10 min. After centrifugation, the supernatant
was discarded. The pellet was resuspended in GM, seeded in
culture dishes, and incubated overnight at 37�C in a 5% CO2

atmosphere. To remove debris, cells were washed with PBS,
and fresh culture medium was added after 48 h. The medium
was then exchanged every 72 hours until the cells reached 90%
confluence and were passaged after trypsinization. The cells
used for analysis were from passages 3 to 5. The CDSC mor-
phology was photographed with the use of an inverted micro-
scope (Olympus IX71, Tokyo, Japan).

HaCaT cell culture
HaCaT cells were cultured in GM in a humidified atmo-
sphere with 5% CO2 at 37�C. The HaCaT cells were trypsi-
nized when the cells reached 90% confluence and were
seeded in 96- or 24-well plates, depending on the assay.

Detection of mesenchymal stem cell-specific antigens

For flow cytometry analysis, cultured CDSCs were trypsinized
and resuspended in FBS. The cells were incubated with mono-
clonal fluorescein antibodies for CD73, CD90, CD105, HLA-
DR, CD19, CD34 and CD45 for 30 min. As a negative control,
cells were incubated with isotype control immunoglobulin G1.
Incubated cells were fixed with 0.5% paraformaldehyde and
analyzed on a flow cytometer-fluorescence-activated cell sort-
ing (FACS) Verse (Becton Dickinson, Franklin Lakes, NJ, USA)
with the use of FACSuite software.

CDSC-CNM collection

CDSC-CNM was collected from the supernatant of a high-den-
sity CDSC culture. Then, 7 £ 105/mL passage-4 CDSCs were
seeded in the GM in 100-mm culture dishes. When cells grew
at a density of 3.5 £ 105/cm2, the GM was exchanged with fresh
DMEM containing 1% FBS and 1% penicillin–streptomycin
which is the same as CM for 72 hours as previously performed
by Potapova et al.49 The supernatant was then collected, centri-
fuged at 200 g for 10 min, and maintained at ¡20�C until use.

Experiments

UVB radiation-inducing photo-aged HaCaT cells
UVB-induced HaCaT cells were prepared based on a procedure
published by Abu-Yousif et al.5 Briefly, three replicates of
HaCaT cells were cultured in GM in 5% CO2 at 37�C for
24 hours. The HaCaT cells were then washed with PBS and
exposed to UVB with 3 to 4 drops of PBS. UVB irradiation was
provided by UVB lamps (Philips, Germany) at 1000 J/m2. The
PBS was then replaced with different concentrations of CDSC-
CNM. In addition, non-UVB irradiated HaCaT cells were cul-
tured in different plates with similar washing and medium
replacement procedures. The cells were subsequently incubated
for assays.

Treatment with CDSC-CNM
Immediately after UVB irradiation (1000J/m2), HaCaT cells
were treated with CM and 25%, 50%, 75% or 100% CDSC-
CNM diluted in DMEM supplemented with 1% FBS. The CM
also consisted of DMEM plus 1% FBS. Non-irradiated HaCaT
cells were cultured in GM and CM. All cells were cultured at
37�C in 5% CO2, and the medium was replaced every 72 hours.
Each treatment was replicated 3 times. The CDSC-CNM con-
centration that resulted in the best proliferation rate was used
in subsequent experiments to assess the migration ability, ROS
generation, and DNA damage of HaCaT cells.

Measurements

Proliferation analysis
Cellular viability was determined using a CCK-8 assay. HaCaT
cells (2 £ 103 cells/well) were seeded in 96-well plates. After
UVB irradiation, HaCaT cells were treated with GM, CM and
different concentrations of CDSC-CNM for 72 hours. The
medium was removed, the cells were washed with PBS, and
100 mL of solution consisting of 10% CCK-8 and 90% fresh
serum-free DMEM (containing 1% penicillin–streptomycin)
were added to each well. The plates were wrapped with alumi-
num foil and incubated at 37�C in 5% CO2 for 2 hours. The
supernatant was measured with a Synergy2 multi-detection
microplate reader (Biotek, VT, USA) at 450 nm. The optical
density of each well was calculated against the relative HaCaT
cell standard curve. HaCaT cell proliferation was photographed
with the use of an inverted microscope. The proliferation analy-
sis was conducted in triplicate.

Cell cycle
HaCaT cells (1 £ 104 cells/well) were seeded in 6-well plates.
After 1000J UVB irradiation, HaCaT cells were treated with
CM and different concentrations of CDSC-CNM for 72 hours.
Normal HaCaT cells were treated with CM as a control. After
fixation with 75% ethanol, single-cell suspensions were digested
with DNase-free RNase in PBS containing 5 mg/mL propidium
iodide for DNA staining (30 min at 37�C). The propidium
iodide fluorescence and forward light scattering were detected
with a flow cytometer equipped with cellquest (Largo, FL,
USA) software. The percentage of cells in every phase of the
cell cycle was calculated.

Cellular migration assay

A cellular migration assay was performed based on a method
by Liang et al.50 with slight modification. Briefly, HaCaT cells
were cultured in a 24-well black plate until 90-100% confluence
was reached. After UVB irradiation, all wells were linearly
scratched with a p200 pipet tip through the center of the well
bottom, followed by incubation with CM and 25%, 50%, 75%
or 100% CDSC-CNM diluted in DMEM supplemented with
1% FBS. The images were taken using an inverted microscope.
For each image, distances between one side of the scratch and
the other were measured at certain intervals (mm) using Image
Pro-Plus software (Media Cybernetics). The capacity for migra-
tion was determined by comparing the images from time 0 to
the last time point to obtain the distance of each scratch closure
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on the basis of the distances measured by software. At least
three readings of distance for each sample were obtained, and
each experiment was repeated at least three times.

ROS generation evaluation
To study the potential protective effect of CDSC-CNM on the
attenuation of intracellular ROS generation induced by UVB
radiation, H2DCFDA was used to monitor the intracellular
ROS generation induced by UVB radiation.51 H2DCFDA is a
probe that becomes fluorescent when oxidized by free radicals
and is especially sensitive to H2O2, OH and peroxynitrite at the
intracellular level. Cells were cultured in a 96-well black plate
until 90-100% confluence was reached. The cells were then
were exposed to UVB light, treated with CM and different con-
centrations of CDSC-CNM, and labeled with H2DCFDA. The
supernatant was measured with the use of a Synergy2 multi-
detection microplate reader (Biotek, VT, USA).

Alkaline comet assay
To study the level of nuclear DNA damage in individual cells
exposed to UVB, a comet assay was performed as previously
reported.23 A total of 50 nuclei by duplicate were utilized to
determine the comet score. The gels were analyzed by fluores-
cence microscopy (Olympus U-RFL-T, Tokyo, Japan) after
being dyed with SYBR Green I. DNA damage was quantified
by calculating the tail and nuclear proportion using comet assay
software.

Cytokine assay
To analyze the reparative and regenerative factors of epidermal
cells in CDSC-CNM, the supernatant collected from CDSCs
was centrifuged at 2000-3000 r/min for 20 min. The superna-
tant then was detected by a series of human cytokine ELISA
kits in accordance with the manufacturer’s instructions. CDSC-
CNM was detected for EGF, TGF-b, IL-6 and IL-8. The CM
was also detected as a control.

Western blot
HaCaT cells were exposed to UVB (1000J/m2) and harvested
after being treated with different concentrations of CDSC-
CNM for 24 h. Cells were lysed in a 5£ SDS sample buffer.
After the samples were boiled, equal amounts of total lysates
were separated by SDS-PAGE and transferred onto polyvinyli-
dene difluoride membranes. The membranes were soaked in a
blocking solution (5% skim milk and 0.2% Tween 20-PBS) for
1 h and then incubated with anti-Mcl-1, anti-Erk1/2, and anti-
p-Erk1/2 antibodies for 1 h. GADPH (R&D Systems, Wiesba-
den, Germany) was used for internal loading control. After
being washed with Tween 20-PBS, the membranes were incu-
bated with appropriate HRP-conjugated secondary antibodies
for 1 h. Specific bands were visualized using an ECL method
(ECLC; Amersham Biosciences).

Statistical analysis
The data were presented as an average § standard error of 4–8
determinations, depending on the assay. One-way analysis of
variance (ANOVA) and statistical comparisons of the different
treatments were performed using Tukey’s test with SPSS

software, Version 12.0 (SPSS Inc., Chicago, IL). A tied-P value
of < 0.05 was considered statistically significant.
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AP-1 activator protein 1
b-FGF basic fibroblast growth factor
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GM growth medium
IL interleukin
MAPKs, mitogen-activated protein kinases
MCP-1 monocyte chemotactic protein 1
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MMP matrix metalloproteinase
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PBS phosphate-buffered saline
ROS radical oxygen species
TGF-b transforming growth factor-b
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