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Abstract

Background: Recently, investigators have been trying to apply the by-products as well as stem cells themselves to
various fields such as pharmaceuticals, medical devices, quasi-drug, cosmetis, etc. We aimed to comfirm the anti-
senescence effect of 3D cultured adipose tissue-derived mesenchymal stem cell-conditioned medium (3D cultured
ADMSCs-CM) and develop them as cosmetic raw materials for anti-aging purposes.

Methods: We investigated the effect of 3D cultured ADMSCs-CM on collagen production and performed efficacy
tests to evaluate the effect of a cream-based cosmetic product containing the medium using various methods,
such as dermal density, skin moisture retention, and so on.

Results: Analysis of the effect of ADMSCs-CM on skin regeneration and production of collagen showed 1.5-fold
(2D cultured ADMSCs-CM) and 2.5-fold (3D cultured ADMSCs-CM) increase in expressions of procollagen and 4-fold
(2D cultured ADMSCs-CM) and 5-fold (3D cultured ADMSCs-CM) increase in the expression of collagen compared
with control. In addition, related gene expression was also increased. We conducted a human skin test using a
cream-based product containing 3D cultured ADMSCs-CM. In skin texture assessment, skin roughness decreased by
11.94% at the application site and 3.74% at the non-application site after 3 weeks of use. Compared with before
cream use, after 2 and 4 weeks of substance use, the skin elasticity analysis showed an increase in the elasticity
value by 5.97% and 9.34%, respectively, and the improvement of small wrinkles was 5.01% and 6.23%, respectively.
After 2 and 4 weeks of test substance use, dermal density analysis showed 6.97% and 12.53% increase, respectively.
Skin moisture retention analysis showed skin moisture maintained at 543.60% and 452.38%, respectively,
immediately after one-time use and after 20 min of cool breeze exposure compared with before application of the
test substance.

Conclusions: As raw material for cosmetic products, 3D cultured ADMSCs-CM prevented skin aging by promoting
collagen production, restoring damaged skin, and increasing dermal density. Therefore, 3D cultured ADMSCs-CM
can be widely applied to maintain and improve skin condition.
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Background

Skin is the largest organ of the body, comprising the der-
mis and epidermis. The epidermis, the outermost skin
layer, protects the skin from external stimuli and is con-
stantly exposed to ultraviolet ray, heat, fine dust, and
physical and chemical stimuli from the environment
(Kim et al. 2019). Some of the external stimuli induce
the production of reactive oxygen species, which cause
epidermal cell damage and cell necrosis, resulting in ac-
celeration of skin aging, such as wrinkles and loss of
elasticity (Kim et al. 2011; Yoon et al. 2013).

Advances in modern medical science have increased
life expectancy, resulting in growing interests in health
and aging along with the higher expectation in the field
of cosmetics. Pharmaceutical and biotechnology com-
panies have focused on the development of high-
performance products based on genes, proteins, and
cells, using cutting-edge techniques such as stem cell
culture and exosome extraction (Li et al. 2019; Patel
et al. 2019). The demand for high-performance cos-
metics created a new field called cosmeceuticals, a hy-
brid field of cosmetics and pharmaceuticals, which is
emerging as a global trend. For example, there has been
remarkable progress in the development of cosmeceut-
ical products with added pharmacological efficacies that
slows down the loss of skin functions or regenerates
damaged skin (Brandt et al. 2011).

In our study, we used a stem cell-conditioned
medium as the main active ingredient for the devel-
opment of a cosmetic product. Stem cells are broadly
divided into adult stem cells and pluripotent stem
cells. We used adult stem cells as they are relatively
free from ethical issues and easier to culture com-
pared with pluripotent stem cells. The safety of adult
stem cells has been verified in many studies. Adult
stem cells are frequently present in many adult tissues
and have an excellent regenerative ability thanks to
their multipotency (Weissman 2000; Weissman et al.
2001; Broxmeyer 2005). Adipose-derived mesenchymal
stem cells (ADMSCs), a type of adult stem cells, are
readily obtained from human tissues and easy to cul-
ture. For this reason, they have been used in the de-
velopment of new drugs and for other various
purposes. Adipose tissue is a good source of stem
cells because it can be obtained in a large quantity
and easily expanded in culture (Wilson et al. 2011;
Strem et al. 2005; Zuk et al. 2001). Culture medium
is an indispensable reagent in ADMSC culture and
the depleted medium used to be discarded once the
cell culture was finished. However, since the discovery
of various growth factors in the used medium, the
used medium was named as adipose-derived mesen-
chymal stem cell-conditioned medium (ADMSC-CM)
and a substantial amount of efforts has been made to
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utilize it as an active ingredient for cosmetic products
(Kim et al. 2007; Kim et al. 2009).

Wound healing is facilitated by the secreted factors
such as growth factors from mesenchymal stem cells
(MSCs) rather than the direct action of MSCs (Iso et al.
2007; Fu et al. 2007). The stem cell-conditioned
medium contains various growth factors such as epider-
mal growth factor (EGF), vascular endothelial growth
factor (VEGF), and collagen (Fu et al. 2007). They pro-
mote the expression of the genes involved in wound
healing and fibroblast activity, thereby increasing colla-
gen biosynthesis, resulting in reduction of wrinkles (Kim
et al. 2009; Kim and Kim 2011), facilitation of wound
healing in a wound model of nude rat (Nakagawa et al.
2005), and anti-oxidation effect by alleviating oxidative
stresses on the skin (Kim and Kim 2011). Due to its
property to promote skin regeneration, the conditioned
media can be used as an active ingredient for cosmetic
products. However, the present commercial media for
stem cell culture contain substances such as phenol red
and antibiotics, which are not approved for cosmetic
products. Thus, it is useful to develop cell culture media
made with the ingredients approved for cosmetics so
that the conditioned media can be used in the develop-
ment of high-performance cosmetic products (Iudicone
et al. 2014; Choi et al. 2012).

Stem cell-conditioned medium as an active ingredient
of cosmetic products contains various growth factors
such as EGF and VEGEF, which were secreted during the
stem cell culture (Schinkothe et al. 2008). Aside from
the growth factors found in ADMSC-CM, collagen, the
major component of the extra cellular matrix, is known
to have antiaging effects such as skin regeneration and
elasticity improvement (Kim et al. 2009; Fu et al. 2007;
Nakagawa et al. 2005). Presently, most cell cultures are
done on a two-dimensional (2D) matrix such as the sur-
face of a cell culture plate, on which cells attach and
grow. However, this technique cannot reproduce in vivo
environment sufficient enough to support physiological
functions, morphology, and gene expression of the cells
cultured. Methods of three-dimensional (3D) cell culture
have been developed to culture cells in a condition simi-
lar to their native environment (Kenny et al. 2007; Bre-
slin 2013). Cell culture matrix is made of porous
polymers or gels. Selection of a matrix in where cells are
embedded is important in 3D culture, and the research
and development in cell culture matrix have steadily
progressed (Sachlos and Czernuszka 2003; Hoqrebe
et al. 2017).

ADMSC-CM derived from 3D culture has been fa-
vored as an innovative material for the development of
biocosmetics (Kim et al. 2019). ADMSCs-CM have many
antiaging effects including wrinkle improvement, skin
regeneration, and wound healing (Park et al. 2008).
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Many biocosmetic products containing ADMSC-CM de-
rived from 2D culture (2D cultured ADMSCs-CM ) have
been developed and tested (Park et al. 2008). However,
research on the safety and efficacy of ADMSC-CM from
3D culture (3D cultured ADMSCs-CM ) is scarce and
systematic research is required.

The goal of this study was to investigate the effect of
3D cultured ADMSCs-CM on collagen production, and
cosmetic efficacy of a cream-based product containing
3D cultured ADMSCs-CM on skin texture and elasticity,
wrinkle, dermal density, and skin moisture retention.
We observed the antiaging effect of a cream-based cos-
metic product containing 3D cultured ADMSCs-CM
and proposed the potential use of 3D cultured
ADMSCs-CM as a new active ingredient for the devel-
opment of cosmetic products.

Methods

A declaration for the study was approved by the IRB
committee of the Korea Institute of Dermatological Sci-
ences (approval number: 1-70005239-AB-N-01-201711-
HR-120-01) in according to the Helsinki Declaration.

Cell lines and cell culture
Human adipose tissue-derived mesenchymal stem cells
(hADMSCs) were obtained with the consent of the do-
nors. They were first washed with phosphate buffered
saline (PBS) and extracted using a cell extraction kit,
SmartX® (DongKoo Bio & Pharma Co., Ltd.), which al-
lows easy extraction of hADMSCs from tissues. Cells
were cultured with CEFOgro™ ADMSC (CEFO Co., Ltd).

Human dermal fibroblasts (hDFs) were obtained from
males of 20 years old or under and cultured with CEFO-
gro™ hDF (CEFO Co., Korea) supplemented with 1%
penicillin/streptomycin (Gibco, UK) (100 IU/50 pg/mL).
Serial culture was performed 3 days after cell
inoculation.

All cell cultures were done in a 37 °C incubator with
5% CO, and relative humidity of > 95% unless indicated
otherwise.

Three-dimensional ADMSC culture

Three-dimensional (3D) gel matrixes with a series of
concentrations for every 5% from 5 to 30% were pre-
pared with a biodegradable synthetic biogel (BASF,
Germany). Powder of the biogel was melted in sterilized
deionized water. Approximately 250 pL/cm® of the
melted gel was spread on a polymer membrane of 0.4—
1 pm thick (Corning, USA) and solidified at 37 °C for 90
min to produce 3D cell culture matrix. Next, hADMSCs
from 2D culture were inoculated on the biogel matrix
and cultured in a 37 °C incubator with 5% CO, and rela-
tive humidity of > 95%. The medium was replaced 1 day
after the cells stabilized.
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Preparation of ADMSC-conditioned medium

A conditioned medium from 2D culture was produced
by inoculating ADMSC at the cell density of 12,000
cells/cm” on a standard culture plate. Next day, the cells
were washed with PBS three times and fresh CEFO-
gro”XF ADMSC (CEFO Co., Korea) was added. The
cells were cultured for one more day. The medium was
collected and centrifuged at 1500 rpm for 5min to ob-
tain the supernatant. The supernatant was filtered using
a 0.22-um filter to obtain 2D cultured ADMSCs-CM.

To obtain 3D cultured ADMSCs-CM, ADMSC was in-
oculated at the density of 12,000 cells/cm®. Next day, the
cells were washed with PBS three times and CEFO-
gro™XF ADMSC was added. The cells were cultured for
one more day. The medium was harvested and centri-
fuged at 1500 rpm for 5min to obtain the supernatant.
The supernatant was filtered with a 0.22-um filter to ob-
tain a 3D cultured ADMSCs-CM.

Protein quantitation of procollagen and collagen

To assess the effects of the ADMSC-CM on the produc-
tion of procollagen and collagen, human skin-derived fi-
broblasts were seeded into a 12-well plate (Corning,
USA) at 2 x 10*/cm® The medium was replaced 24 h
later. A negative control was cultured with a basal
medium without serum, and a positive control was cul-
tured in a basal medium supplemented with 0.04% ad-
enosine. The experimental group was treated with stem
cell-conditioned media derived from the 2D or 3D cul-
ture for 48h. ELISA Kit (Takara, Japan) and human
Type 1 Collagen ELISA kit (R&D systems, USA) were
used to measure the protein amounts of procollagen and
collagen. The experiment was conducted following the
manual provided by the kit manufacturers.

RT-gPCR for procollagen, collagen and lysyl hydroxylase
To measure the gene expression of procollagen, colla-
gen, and lysyl hydroxylase (LH), human skin-derived
fibroblasts were seeded on a 6-well plate (Corning,
USA) at 2 x 10*/cm? and the medium was replaced
24h later. The negative control was cultured in a
medium without serum. The positive control was cul-
tured in a medium supplemented with 0.04% adeno-
sine but no serum. The experimental group was
grown in the stem cell-conditioned media from the
2D or 3D culture for 48h. The cells were washed
with PBS twice on the culture plates, and mRNA was
extracted using Trizol (Invitrogen, USA).

cDNAs were synthesized using a ¢cDNA synthesis kit
(ReverTra ACE qPCR RT Master, Toyobo Co.). PCR
was performed for 35 cycles at 94 °C for 30s, 58 °C for
30s, and 72 °C for 30 s. The PCR products were resolved
and detected in gel electrophoresis and visualized using
LAS4000 (GE healthcare Co.). The PCR primers for
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procollagen were TGC CGT GAC CTC AAG ATG
TGC C and CAT CCA CAA GCG TGC TGT AGG TG
for the forward and reverse primers, respectively. For
collagen primers, the forward primer was TGC CGA
TGT CGC TAT CCA and the reverse was TCT TGC
AGT GAT AGG TGA TGT TCT G. For LH primers,
the forward primer was GGA ACC TGG CCT ATG
ACA CCC T and the reverse primer was TGC CAT
GCT GTG CCA GGA ACT. A set of B-actin primers
was used as a control. These were ATC TGG CAC ACC
TTC TAC AAT GAG CTG CG and CGT CAT ACT
CCT GCT TGC TGA TCC ACA TCT GC for the for-
ward and the reverse primers, respectively.

Production of a cream-based product containing 3D
cultured ADMSCs-CM

A water phase was added in a main beaker, stirred and
heated up to 80°C. A liquid crystal emulsifier was then
added to the heated water phase and hydrate at 6000
rpm using a homogenizer at 80°C for 10 min. An oil
phase in a separate container was heated up to 80°C,
added to the main beaker containing the water phase,
and emulsified using a homogenizer at 6000 rpm for 5
min at 75 °C. The mixture was cooled to 45 °C. A liquid
crystal capsule phase was stirred and encapsulated in an-
other container. The liquid capsule phase was then
added to the mixture and mixed by homogenizer at
45 °C and 6000 rpm for 3 min. It was cooled to 33 °C and
de-aerated. A colorless, opaque, cream-based substance
containing 1% 3D cultured ADMSCs-CM was prepared
for the human skin test.

Human skin test
To assess the efficacy of cream-based cosmetic products
containing 3D cultured ADMSCs-CM, it was performed
with the approval of the Korea Institute of Dermato-
logical Sciences.

Subjects

Volunteers were recruited for the human skin test of
cream-based cosmetic products containing 3D cultured
ADMSCs-CM. Female adults aged 30—60 years were se-
lected. The participants were fully informed regarding
the study and voluntarily signed the consent form.

Test substance usage and dose

The test substance was stored at room temperature (5—
25°C) away from the exposure of high temperature and
direct light.

(1) Thirty microliters of the cream containing 3D
cultured ADMSCs-CM was applied on the left
lower forearm of the subjects (3.0 x 3.0 cm?) by a
same researcher using a disposable syringe (SUNG
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SHIM MEDICAL CO., LTD, Korea). Absorption
was induced using a latex finger coat.

(2) An equal amount of cream containing 3D cultured
ADMSCs-CM was evenly applied on the left upper
forearm after treated with sodium lauryl sulfate
(SLS; BioShop, Canada) by the subjects every day
during the 4-week research period. The cream was
applied twice a day in the morning and evening
after washing the face.

(3) The subjects applied an equal amount of cream
containing 3D cultured ADMSCs-CM evenly on
their face twice every day in the morning and even-
ing after washing the face for 4 weeks.

(4) During the skin test period, the subjects were
instructed not to use any functional cosmetic
products that may affect the test results such as eye
cream, skin whitening cream, antiaging cream, and
body moisturizer. They were also restricted from
using facial masks or massage.

Primary skin irritation assessment

The back of the subjects was washed with 70% ethanol
and dried. An 8-mm diameter Finn Chamber (Smart
Practice, USA) containing 20 pL of the test substance
was applied on the back of the subjects for 24 h. Skin ir-
ritation was examined at 30 min, 24 h, and 48 h after the
patch removal and graded by a dermatologist based on
the guideline of the International Contact Dermatitis Re-
search Group (Table 1).

Assessment of skin texture damaged by external stimuli

A Finn Chamber containing SLS was applied on both
forearms of the subjects to induce skin irritation.
ANTERA 3D (Miravex, Ireland) was used to measure
the effect of the test substances on the damaged skin.
The entire measurements were performed by a single re-
searcher who evaluated the sites of forearms treated with
or without the test substances. The measurement was
done at the same sties by overlapping the images ob-
tained before the application of the test substances to
ensure the accuracy of the measurement. The measure-
ments were performed before using the test substance
(after SLS application) and 3 weeks after the use of the
test substances.

Table 1 Criteria for human skin patch test by International
Contact Dermatitis Research Group

Symbol Score Result

- 0 Negative

+ 0.5 Doubtful or slight reaction and erythema
+ 1 Erythema + Induration

++ 2 Erythema + Induration + Vesicle

+++ 3 Erythema + Induration + Bullae
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Dermal torque assessment

Dermal Torque Meter (Dermal Torque Meter DTM310,
Dia-Storn Ltd., UK) was used to assess improvement in
dermal elasticity. A single researcher fixed a probe on
the right cheek of all subjects with an adhesive tape and
applied a rotational force at a uniform angle and with a
uniform force for 10s to measure dermal elasticity.
Measurement using a measuring device was performed
before applying the test substance and after 2 and 4
weeks of use.

Wrinkle improvement assessment

ANTERA 3D was used to assess wrinkle improvement.
A single researcher evaluated the creases around the
right eye for all participants. For the sake of measure-
ment reproducibility, images obtained prior to the use of
the test substance were overlapped to obtain measure-
ments from the same location. Device-assisted measure-
ment was performed before applying the test substance
and after 2 and 4 weeks of use.

Dermal density assessment

DUB-Skin Scanner (Taberna pro medicum, Luneburg,
Germany), a device that produces high-resolution ultra-
sound images, was used to assess improvements in der-
mal density. Ultrasound gel was applied on the test site,
and the probe of DUB-Skin Scanner was positioned per-
pendicular to the skin. A single researcher pressed on
the skin 3 cm next to the outer corner of the left eye to
measure dermal density for all subjects. Device-assisted
measurement was performed before applying the test
substance and after 2 and 4 weeks of use.

Assessment of skin moisture retention

Epsilon E100 (Biox Systems Ltd., UK) was used to assess
skin moisture retention in an environment with artificial
cold air. A single researcher applied an equal amount of
the test substance on the lower left forearm and exposed
it to a cool wind of 17°C + 2°C from a misting fan in
the natural wind mode at the distance of 50 cm for 20
min. Device-assisted measurement was performed before
application of the test substance, immediately after the
first application, and after 20 min of exposure to the arti-
ficial cool breeze.

Statistical analysis
All statistical analyses were performed using SPSS 17.0
for Windows (IBM, USA).

The subjects’ responses to the questionnaire were ana-
lyzed using mean, standard deviation, frequency, and
percentage. A paired ¢ test was used to identify any sig-
nificant improvements in various parameters of the skin
condition.
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Results

Protein measurement of procollagen and collagen in
human fibroblasts

The effect of 2D cultured ADMSC-CM and 3D cul-
tured ADMSC-CM was compared by measuring the
expression levels of procollagen and collagen in the
culture condition of human dermal fibroblasts. Nega-
tive control was cultured in a basal medium without
serum. The positive control was fibroblasts grown in
a basal medium with 0.04% adenosine, and the other
group of fibroblasts were treated for 48h with
ADMSC-CMs derived 2D cultured ADMSCs-CM or
3D cultured ADMSCs-CM (Fig. 1).

The levels of procollagen (Fig. 1a) and collagen (Fig. 1b)
expression under each condition are shown in Fig. 1.
Collagen is a marker for skin regeneration and reju-
venation. The expression level of procollagen in-
creased 1.5-fold (2D cultured ADMSCs-CM ) and 2.5-
fold (3D cultured ADMSCs-CM ) compared with the
negative control (Fig. 1a). The level of collagen ex-
pression was also increased 4-fold (2D cultured
ADMSCs-CM ) and 5-fold (3D cultured ADMSCs-
CM ) with respect to the negative control (Fig. 1b).
The fibroblasts showed higher levels of procollagen
and collagen expressions in 3D cultured ADMSCs-
CM than in 2D cultured ADMSCs-CM, and the dif-
ference was statistically significant. Thus, this result
suggests that stem cell-conditioned medium derived
from 3D culture can facilitate the production of extra
cellular matrix (ECM) such as collagen.

mRNA expression of procollagen, collagen, and lysyl
hydroxylase in human dermal fibroblasts

For the negative control, human dermal fibroblasts
were cultured with hDF medium without serum. The
positive control was fibroblasts grown in a basal
medium with 0.04% adenosine. In addition, cells were
incubated in 2D cultured ADMSCs-CM or 3D cul-
tured ADMSCs-CM for 48 h and then harvested. The
mRNA levels of extra cellular matrix (ECM) protein
such as procollagen and collagen were measured, and
also confirmed the gene expression of LH, which is
known to promote the synthesis of procollagen and
collagen (Hausmann 1967) (Fig. 2).

The expression of procollagen in human dermal
fibroblast was higher in both 2D and 3D cultured
ADMSC-CMs than the positive control (0.04% adeno-
sine). Conversely, cells incubated with 3D cultured
ADMSCs-CM showed a higher level of collagen ex-
pression than those incubated with 2D cultured
ADMSCs-CM, but showed a similar level of collagen
expression compared with the adenosine-treated posi-
tive control. The highest level of LH expression was
observed in the human dermal fibroblast incubated
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Fig. 1 Effects of 3D adipose-derived mesenchymal stem cell-conditioned medium on cell growth. a For the measurement of procollagen by
ELISA, hDF (2 x 10* cells/cm?) were seeded in 12-well plates and treated with adenosine 0.04%, 2D cultured ADMSCs-CM, and 3D cultured
ADMSCs-CM for 48 h. Control is HDF culture medium without serum. b The expression of collagen was measured by preparing the cells in the
same manner as for procollagen measurement. Data are expressed as mean + SD (n = 3; *p < 0.05)

with 3D cultured ADMSCs-CM. The gene expression
results of procollagen, collagen, and LH suggest that
stem cell-conditioned medium promotes collagen
production in human dermal fibroblast. Especially, 3D
cultured ADMSCs-CM is expected to increase the
production of ECM components in dermal cells.

Control
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Fig. 2 mRNA expression of procollagen, collagen, and LH in by stem
cell-conditioned medium. HDF cells were incubated with adenosine
0.04%, 2D cultured ADMSCs-CM, 3D cultured ADMSCs-CM for 48 h,
and all cells were harvested for mMRNA expression. Representative
data from three independent experiments are shown

Human skin test

Primary skin irritation test

We conducted a primary skin irritation test using a
cream-based cosmetic product containing 3D cultured
ADMSCs-CM. Female volunteers in their twenties par-
ticipated in the test.

After 0.5, 24, and 48 h following the removal of the
patch, the dermatologist evaluated the degree of skin
irritation based on the criteria provided by the
International Contact Dermatitis Research Group
(Table 1).

No signs of skin irritation such as erythema, swelling,
and itching were observed at 30 min, 24 h, and 48 h after
the patch removal. Skin reactivity was 0.00 for all partici-
pants. Therefore, we conclude that the cream-based cos-
metic product containing 3D cultured ADMSCs-CM
does not induce skin irritation (Table 2).

Efficacy assessment of cream-based cosmetic product
containing 3D cultured ADMSC-CM

In this experiment, the efficacy of the cream-based cos-
metic product containing 3D cultured ADMSCs-CM
was assessed. The efficacy of the following criteria was
assessed: skin texture restoration, dermal elasticity, wrin-
kle, dermal density, and skin moisture retention after ex-
posure to an artificial cold breeze.

Table 2 Primary skin irritation study

Number of ~ Number of skin Skin irritation degree
participants irritation responders 30min 24h  48h  Average
21 0 0.0 0.0 0.0 0.0
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Assessment of improvement in skin texture damaged by
external stimuli

ANTERA 3D was used to evaluate the effects of the test
substance on skin texture damaged by external stimuli.
Figure 3 summarizes the assessments which were per-
formed before and after 3-week treatment of the test
substance.

In the analysis of skin texture damaged on both upper
forearms using ANTERA 3D, the texture small values
before (after SLS stimulation) and after the test sub-
stance use were compared. Texture small value is an in-
dicator of skin roughness. The application sites of the
test substance exhibited an 11.94% reduction of texture
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small value while the control sties showed a 3.74% re-
duction (Fig. 3a). The difference in skin texture was also
observed in the images (Fig. 3b). On the basis of these
results, we conclude that the cream-based cosmetic
product containing 3D cultured ADMSCs-CM improves
the texture of damaged skin more efficiently than the
control product.

Dermal elasticity assessment

Dermal elasticity was examined using Dermal Torque
Meter before and after 2- and 4-week treatments of the
test substance (Fig. 4).
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Fig. 3 Evaluation of improvement of damaged skin by external stimuli. Skin irritation was induced by applying SLS on the upper part of both
forearms of the subject using Finn Chamber. The filter paper disc was put on a Finn Chamber having a diameter of 12 mm, and 60 pL of a 2.0%
SLS diluent was dripped onto the test area. The patches were attached for 24 h, and after 24 h of removal of the patches, the skin irritation was
visually evaluated and measured the treated and untreated areas by analyzer before use versus after 3 weeks of use. a The measured values were
obtained by analyzed the Ra value, which is a measurement variable representing the average roughness of the skin by a texture small filter and
b the images were analyzed with matched area using ANTERA CS software. The paired t test was conducted to determine statistical
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Fig. 5 Effect of anti-wrinkle. In order to effect of wrinkles care, the wrinkles of the right eye of all subjects were measured using ANTERA 3D and
the same area was measured by overlapping with the images measured before use of the test substance for the reproducibility of the
measurements. a The images were analyzed with matched area using ANTERA CS software and b wrinkles small value indicating the wrinkles of
the skin was analyzed using indentation index at intervals of 2 weeks before and after use for up to 4 weeks. Paired t test was conducted to
determine statistical significance(*p < 0.05)
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To evaluate the improvement of the elasticity in deep
skin by the test substance, we fixed the probe of Dermal
Torque Meter to the right cheek of the face of the sub-
ject and measured the elasticity of deep skin by applying
rotational force for 10s at constant angle and pressure
at intervals of 2 weeks before and after use for up to 4
weeks. A ring with a 3-mm gap was attached to the Skin
Torque Meter to transmit the rotational force to the
dermal layer and Ur/Ue value indicating skin elasticity
was analyzed. The paired ¢ test was conducted to deter-
mine statistical significance (*p < 0.05).

Figure 4 shows the assessment results of dermal elasti-
city using the Dermal Torque Meter before and after 2
and 4 weeks of the test substance use. The Ur/Ue value,
an indicator of dermal elasticity, of the right cheek in-
creased 5.97% and 9.34% after 2 and 4 weeks of the test
substance use, respectively, compared with before use.
This result suggests that the cream-based product con-
taining 3D cultured ADMSCs-CM improves the dermal
elasticity in deep skin.
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Wrinkle assessment

Figure 5 shows the result of wrinkle assessments using
ANTERAS3D before and after 2 and 4 weeks of test sub-
stance use.

Wrinkles around the right eye crease improved by a
5.01% and 6.23% in the wrinkle small value, which mea-
sures wrinkle severity, following 2- and 4-week treat-
ments of the test substance, respectively, compared with
before use. These results demonstrate that the cosmetic
product containing the 3D cultured ADMSCs-CM can
improve wrinkles.

Dermal density assessment

The dermal density results obtained using DUB-Skin
Scanner before use and 2 and 4 weeks after use of the
test substance are shown in Fig. 6.

Analysis of the dermal density 3cm from the outer
corner of the left eye using DUB-Skin Scanner showed a
6.97% and 12.5% increase in dermal density after 2 and
4 weeks of use, respectively. These results indicate that
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Fig. 6 Improvement of dermal density. To check of dermal density, the ultrasonic test gel was treated to the test site and the probe of the DUB-
Skin Scanner was perpendicular to the skin. Under the same conditions, the dermal density was measured by pressing all subjects at the same
pressure on the 3-cm area of the left eye tail. The range of analysis was limited from below the epidermis to the upper part of the subcutaneous
fat, and the intensity indicating the density of the dermis was measured at intervals of 2 weeks before and after use for up to 4 weeks. a Graph is
inner skin density level and b image shows the density of dermis layer. The paired t test was conducted to determine statistical significance(*p

< 0.05)
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the cream-based cosmetic product containing 3D cul-
tured ADMSCs-CM can improve dermal density.

Assessment of skin moisture retention in an environment
with artificial cool breeze

Figure 7 shows the result of skin moisture retention ana-
lysis using Epsilon E100 before application of the test
substance, immediately after application, and after 20
min of artificial cool breeze exposure.

Analysis of skin moisture retention in the left
lower forearm was performed in an artificial wind
environment. The result showed a 543.60% and
452.38% increases in skin moisture immediately after
one-time application of the test substance and 20
min after cool breeze exposure, respectively, com-
pared with before the application. The result sug-
gests that the cream-based cosmetic product
containing 3D cultured ADMSCs-CM enhances skin
moisture retention in an environment similar to the
artificial cool breeze.
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Discussion

We arrived at the following conclusions based on the re-
sults of our experiments to verify the antiaging effect of
3D cultured ADMSCs-CM and its efficacy as an active
ingredient in cosmetic product.

First, the effects of 2D and 3D cultured ADMSC-CMs
on the production of collagen were evaluated against a
known antiaging agent, adenosine, as a positive control.
Collagen is a marker of skin regeneration and rejuven-
ation. We observed 1.5- and 2.5-fold increases of procol-
lagen expression in the fibroblasts treated with 2D
cultured ADMSC-CM and 3D cultured ADMSC-CM,
respectively (Fig. la). The expression of collagen was
also increased 4-fold with 2D cultured ADMSCs-CM
and 5-fold with 3D cultured ADMSCs-CM, compared
with the basal medium without serum, a negative
control (Fig. 1b). The stem cell-conditioned media also
increased the production of collagen, procollagen (a
precursor of collagen), and lysyl hydrogenase in human
epidermal keratinocytes. Especially 3D  cultured
ADMSCs-CM  which was prepared by 3D culture
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of artificial cool breeze

Fig. 7 Assessment of skin moisture retention effect in artificial cold wind environment. We applied the same amount of the test substance to the
left lower forearm of the subject and analyzed the skin moisture increase rate at a temperature of 17°C £ 2°C at 50-cm distance in natural wind

mode by cooler for 20 min to check the moisturizing effect. a Graph is skin moisture increase rate and b skin images after application of artificial

cool breeze. The paired t test was conducted to determine statistical significance(*p < 0.05)
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significantly increased the expression of collagen, a com-
ponent of ECM (Fig. 2). Reportedly, secretory factors
produced by ADMSC have antiaging effects (Park et al.
2008; Son et al. 2015).

Second, the effect of ADMSC-CM on skin texture was
examined with a SLS-induced skin damage model. The
cream-based cosmetic product containing 3D cultured
ADMSCs-CM  exhibited three times greater improve-
ment of the skin texture in the damaged skin than the
control (Fig. 3).

Third, we also investigated the effect of ADMSC-CM on
dermal elasticity (Fig. 4), wrinkle (Fig. 5), and dermal
density (Fig. 6) as means to evaluate the antiaging effect
and anti-wrinkle effect of stem cell-conditioned medium.
We expect a cream-based cosmetic product containing
3D cultured ADMSCs-CM may prevent skin aging by re-
ducing wrinkles and increasing dermal elasticity.

Fourth, the cream-based cosmetic product based on
3D cultured ADMSCs-CM showed excellent skin mois-
turizing effect (Fig. 7). Skin moisturization is essential to
prevent skin damage due to external stimuli such as en-
vironmental changes and internal causes such as allergy
and atopic dermatitis. As dry skin becomes an important
issue, skin moisturizer products have been actively de-
veloped. However, the research on skin moisture reten-
tion is relatively lacking. We believe that 3D cultured
ADMSCs-CM prevents water evaporation from the skin
and improves moisture retention by increasing dermal
elasticity, facilitating the recovery of damaged skin, and
increasing the production of ECM components such as
collagen. 3D cultured ADMSCs-CM as an active ingredi-
ent of a cosmetic product also exerted its antiaging ef-
fects by promoting collagen production, restoring the
damaged skin, and increasing dermal density.

Conclusions

3D cultured ADMSCs-CM increased the expression of col-
lagen, procollagen, and LH in human dermal fibroblasts.
We expect that the increased production of ECM improves
the skin texture of damaged skin due to external stimuli
and reduces wrinkles by enhancing dermal elasticity, der-
mal density, and moisture retention. These effects of 3D
cultured ADMSCs-CM were examined in the experiments
with a cosmetic product containing 3D cultured ADMSCs-
CM. In addition, further studies to identify elements that
impart antiaging properties to 3D cultured ADMSCs-CM
will broaden the application to related fields. In conclusion,
the cream-based cosmetics containing 3D cultured
ADMSCs-CM have antiaging properties and can be widely
applied to improve skin condition.
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