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Skin aging is caused by the exposure cumulative of ultraviolet radiation, it leads
reactive oxygen species (ROS) production in the skin. The conditioned medium
of human Adipose Tissue-derived Mesenchymal Stem Cells (hATMSCs) can
scavenge free radicals and increase the survival rate of skin cells under oxidative
stress. This study examined the protective effects of Conditioned Medium (CM) of
hATMSCs in H,0,-induced human skin fibroblast cell line (BJ). The aging cells
model using H,O,-induced BJ cells were added CM-hATMSC:s in concentrations
(0, 10, 30%) and incubated in various time, furthermore BJ cells induced by
various H,0, concentrations (0, 50, 100, 200 pM) incubated for 1 h. The anti-aging
potential were measured including viability, ROS and collagen levels in BJ cells
which treated CM-hATMSCs. The median inhibitory concentration (IC, ) of H,0,
on BJ cells for 1 h incubation was 107.87 pM and 91.25 pM for 10 min incubation.
CM-hATMSCs increased the viability on aging model cells. CM-hATMSCs
concentration 30% increased the viability of H,0, 50, 100, 200 pM-induced BJ
cells. CM-hATMSCs concentration 25% decreased ROS, increased collagen level
in H,0, 50, 100, 200 pM-induced BJ cells. CM-hATMSCs increase the viability
cells, collagen level and decrease ROS level in aging model cells.

KEYWORDS:
Conditioned medium,
Mesenchymal stem cells,
Adipose tissue,

Aging,

Reactive Oxygen Species

1. Introduction

Skin is the outermost protective layer of the human
body and hence any damage caused to it is quite
visible. Skin damage and skin aging may be caused
due to a combination of various intrinsic factors,
such as chronological aging or extrinsic factors, such
as ultraviolet (UV) rays (photo-aging) and other
environmental stressors (Chen et al. 2013; Amirkhani
et al. 2016; Chandrasekaran et al. 2017). Skin damage
and skin aging may be caused due to a combination
of various intrinsic factors, such as chronological
aging or extrinsic factors, such as ultraviolet (UV) rays
(photo-aging) and other environmental stressors
(Balasubramanian et al. 2017). The characteristics of
skin aging includes wrinkles, dryness, laxity, thinning,
irregular pigmentation, and loss of elasticity (Konno
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et al. 2013; Amirkhani et al. 2016), the development
of sagging skin, appearance of blemishes or age
spots, altered pigmentation or loss of skin tone and
hydration (Gold et al. 2007).

Chronic exposure to UV radiation on human skin
generates solar elastotic, degrades the extracellular
matrix (ECM), forms wrinkle. UV radiation exposure
leads to production of reactive oxygen species (ROS)
in the skin (Widowati et al. 2018a). The excessive of
reactive chemical molecules are the major cause of
the aging process, which is caused by the oxidants-
antioxidantsimbalanceoroxidativestress(Piotrowska
and Bartnik 2014). The increasing ROS production
by mitochondria and increased 8-Hydroxyguanine
(8-0x0-dG) content in the mitochondrial DNA
(mtDNA) are frequently detected in aged tissues,
suggesting that progressive accumulation of oxidative
DNA damage is a contributory factor to the aging
process (Cui et al. 2012).
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Oxidative stress plays lead to cellular
senescence and the associated secretory phenotype
(Chandrasekaran et al. 2017), cause damage to
biomolecules which ultimately results in decline
of tissue functions and aging (Perez et al. 2009).
Various approaches to evoke oxidative stresses, such
as the exposures of cells to UV light, ethanol, tert-
butyl hydroperoxide (t-BHP), and peroxide hydrogen
(H,0,) have been used to study the onset of cellular
senescence (Wang et al. 2013; Petrova et al. 2016),
hyperoxia (Petrova et al. 2016) among which H,0,
is the most commonly used inducer (Miyoshi et al.
2006). An imbalance of the ROS scavenging system
results in the accumulation of H,0, in the skin (Pelle
et al. 2005).

In recent years, cell therapies for rejuvenation
have gained much importance. Stem cells are
emerging science and progressively being used
in regenerative medicine and offers hope to cure
many critical diseases, especially in unmet medical
needs (Amirthalingam and Seetharam 2016). Human
Mesenchymal Stem Cells (hMSCs) are the powerful
source for tissue repair because it has the multi-
potency differentiation capability, easy to acquire,
easy harvesting process and culture, fast in vitro
expansion, the feasibility of autologous and allogenic
therapy, and a powerful paracrine function. Adipose
Tissue-derived MSCs (ATMSCs) are a population of
cells derived from adipose tissue that are relatively
easy to obtain from adipose tissue and are more
frequent than MSCs in bone marrow (Bieback et
al. 2010). ATMSCs are a good alternative source for
cell therapy because of their easily accessible, high
amount of cells, ubiquitously available in large
quantities, minimal invasive harvesting procedure
(Kolaparthy et al. 2015). ATMSCs exhibit multi lineage
development potential and are able to secrete various
factors, which influence adjacent cells. Previous
studies have reported the effectiveness of ATMSCs
Conditioned Medium (CM-ATMSCs) in wound
healing, anti melanogenesis, wrinkle improvement
and hair growth (Lee et al. 2015). MSCs Conditioned
Medium (CM-MSCs media having a variety of growth
factors; cytokines etc. acts as chemo-attractant and
recruiting macrophages and endothelial cells for the
wound healing (Ansari et al. 2013), increased collagen
synthesis and suggest that CM-MSCs might be a
potential candidate for preventing UV-induced skin
damage (Kwon et al. 2016), CM consisting of various
growth factors and cytokines is known to promote
regeneration of damaged tissue. Thus, the stem cell
conditioned medium is an innovative technology,
which can be used in skin care, hair care, and dark
circles under the eye (Pawitan 2014; Amirthalingam

andSeetharam2016).ATMSCsand theirsolublefactors
have been reported to increase the proliferation and
migration of normal keratinocytes and fibroblasts
(Kim et al. 2007). Therefore, in this study we evaluated
CM from ATMSCs (CM-ATMSCs) in reducing ROS,
increasing collagen level and cell viability in H,0,-
induced skin fibroblast cells.

2. Materials and Methods

2.1. Isolation and Expansion of hATMSCs
Adipose tissue resulted from liposuction of three
different healthy woman volunteer donors was put
into schott bottle 250 ml fulfilled with transport
medium including 80% Minimum Essential Medium
Eagle-a (MEM-a, Gibco, A1049001), 1% Antibiotic
Antimycotic (ABAM) (Gibco, 15240062) and 20%
Fresh Frozen Platelet (FFP, Indonesia Red Cross,
Bandung) in ice-bag with informed consent using
the guidelines approved by the Institutional Ethics
Committee of Padjadjaran University, Bandung,
West Java, Indonesia (No: 1062/UN6.C1.3.2/KEP/
PN/2016). The fats were filtered using cell strainer
100 pm and washed with phosphate buffered saline
(PBS) (Gibco, 14200075), then transferred into 15
ml tube. Briefly, 30 ml of Collagenase type I 0.075%
(Gibco, 17100017) was added into the tube and
centrifuged (MPW-2000) at 1,200 rpm, 10 min at
room temperature. Then, the cells pellet was put
into flask with completed consist of 80% MEM-a, 20%
FFP, 1% Antibiotic and Antimycotic and 1% heparin
(Inviclot, IH2983) (Widowati et al. 2014, 2015, 2019).

2.2. hATMSCs Characterization

MSCs from passage 3 (P3) cultured at density
of 2 x 10° cells in T-flask 25 cm? (Corning, 430168)
reached 80% confluent were harvested (P4) to
analyze positive and negative markers using
flowcytometry (Macsquant Analyzer 10, Miltenyi).
The cells was stained with some components (CD90
FIT C, CD105 PerCP-Cy5, CD73 APC, CD34 PE, CD116
PE, CD19 PE, CD45 PE, HLA-DR PE, and CD44 PE) in
hMSCs analysis kit and the procedure was according
to manufacture protocol (BD stem flowTM Kkit,
562245). The experiments and measurement of
surface marker were performed from three donors
(Widowati et al. 2014, 2015, 2019).

2.3. hATMSCs Differentiation

For osteogenic differentiation, ATMSCs were
seeded at density 5 x 10° cells in 24 well plate
(Nunc, 72296-18) using StemPro Osteogenesis
Differentiation Kit (Gibco A10072-01) for 3 weeks.
Calcium deposits were visualized using Alizarin
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red S (Sigma Aldrich, A5533). For chondrogenic
differentiation, ATMSCs were seeded at density 5 x
103 cells in 4 well plate (Nunc, 176740) using StemPro
Chondrogenesis Differentiation Kit (Gibco A10071-
01) for 3 weeks. Chondrocytes were visualized using
Alcian blue (Sigma Aldrich, A5268). Adipogenic
differentiation of AT-MSCs was done using StemPro
Adipogenesis Differentiation Kit (Gibco A10070-
01) for 3 weeks. Oil Red O (Sigma Aldrich, 00625)
to confirm lipid droplets (Widowati et al. 2015;
Balasubramanian et al. 2017; Widowati et al. 2019).

2.4. Preparation of CM-hATMSCs

hATMSCs Passage 4 (P4) were seeded on plastic-
surfaced culture disks with MEM-a 80%, 1% Antibiotic
and Antimicotic, FFP 20%, incubated in 37°C, 5% CO,
to obtain CM-hATMSCs. After cells were confluence
80-90%, cells were detached using 0.25% trypsin
EDTA solution (Gibco, 25200072). Detached cells
were cultured in another flask until confluence was
achieved. Briefly, the conditioned medium (CM)
was collected and centrifuged at 1,600 rpm, 5 min at
room temperature, and the supernatant was filtered
by a Syringe Filter Pes 0.22 pm (TPP, 99722), stored
in -80°C and used as CM-hATMSCs (Widowati et al.
2015, 2018b).

2.5. Human Skin Fibroblast Cell Culture and
Cells Viability Assay

Human skin fibroblast cell line (B] cells, ATCC®
CRL-2522) was obtained from Aretha Medika
Utama Biomolecular and Biomedical Research
Center, Bandung, Indonesia. The cells were cultured
in MEM (Gibco, 11095080), supplemented with
10% Fetal Bovine Serum (FBS) (Gibco, 10270106),
1% ABAM and incubated at 37°C, 5% CO, and 95%
humidity. Cells (5 x 10° cell/well) were seeded into
96-well plate, incubated for 24 h at 37°C, 5% CO.,.
After cells were 80% confluent, growth medium
changed with fresh growth medium, and added
CM-hATMSCs (0, 10, and 30%), incubated for 2 h.
Cells were added with varied level of H,0, (0, 50,
100, 200 pM), Tert-butyl hydroperoxide 100 uM
(TBHP, Sigma Aldrich 416665) and incubated for 1
h. Briefly, 20 pl MTS3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (Abcam, ab22388) was added and
incubated at 37°C, 5% CO, for 3 h, the absorbance
was read at 490 nm wavelength (Multiskan™ GO
Microplate Spectrophotometer, Thermo Fisher
Scientific). The cells viability was calculated
according the absorbance value (Widowati et al.
2015, 2019).

2.6. Measurement of ROS Level

The intracellular ROS levels were measured using
a DCFDA Cellular Reactive Oxygen Species Detection
Assay Kit (Abcam, Ab113851) protocol with slight
modification by flow-cytometry (MacsQuant
Analyzer 10, Miltenyi). B] cells were harvested and
suspended into buffer DCFDA in FACS tube at final
concentration of 2.5 x 10° cells/500 pl. Stained cells
with 25 pM DCFDA on each tube, then incubated for
30minin37°C, 5% CO, (dark room). CM-hATMSCs (0,
10, and 25%) were added to each tube and incubated
for 2hin 37°C, 5% CO,. Then, the various level of H,0,
(0, 50, 100, and 200 M) were added as ROS models,
H,0,-induced BJ cells and treated with CM-hATMSCs
were incubated for 1h in 37°C, 5% CO,. Treated B]
cells were analyzed using flow cytometer (Gilmore
etal. 2017; Prahastuti et al. 2019; Girsang et al. 2021).

2.7. Measurement of Collagen Content

The BJ cells with density 2 x 10°/well were seeded
with complete growth medium in plate with 6 well.
After cells reached 80% confluence, cells were treated
with various concentrations of CM-hATMSCs (0, 10,
and 25%) and incubated for 2 hin 37°C, 5% CO,. Then,
various level of H,0, (0, 50, 100, and 200 uM) were
added to well as ROS models, and incubated for 1 hin
37°C, 5% CO,. The medium of treated B]J cells (growth
medium which treated with CM-hATMSCs and H,0,)
were collected. Briefly, 500 pl medium was added
with 200 pl Sirius Red 1% (Sigma Aldrich, 365548)
incubatedatroomtemperaturefor1-2 h,furthermore
centrifuged at 13,000 rpm for 30 min. Supernatants
were discarded. Pellets were suspended with 200
pl NaOH 1N (Merck, 1091371000). Absorbance was
read at 540 nm wavelength. The collagen content of
cells were calculated according the collagen type |
standard curve (Keira et al. 2004).

3. Results

3.1. Characteristic of hATMSCs

We measured the surface marker of hATMSCs P4
which can be seen at the Table 1. Based on the data
(Table 1) show that hATMSCs of P4 have surface markers
expression CD90(98.24%),CD44(99.53%),CD105(99.60%),
CD73 (90.70%), and lineage negative (0.39%).

3.2. Effect CM-hATMSCsTowards Proliferation
of Aging Cells Model

We measured the potency of CM-hATMSCs to
improve the human skin fibroblast proliferation after
inducing by free radicals (H,0, and TBHP) (Figure 1).
The data (Figure 1A) showed that H,0, kill and inhibit
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Table 1. hATMSCs characteristic with surface marker lineage-positive (CD90, CD44, CD105, and CD73), and lineage-
negative (CD11b, CD19, CD34, CD45, and HLA-DR)

Replication CD90 (%) CD44 (%) CD105 (%) CD73 (%) Lineage-negative (%)

1 99.55 99.49 90.60 90.60 0.45

2 95.56 99.53 90.27 90.27 0.41

3 99.62 99.57 91.23 91.23 0.30
Mean + STD 98.24+2.32 99.53+0.04 90.70+0.49 90.70+0.49 0.39+0.08
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Figure 1. Effect various concentrations of CM-hATMSCs treatment on H,O,-induced human skin fibroblast cells as aging
cells model toward cells proliferation capacity. (A) The histogram are presented as mean * standard deviation of
0% CM-hATMSCs treatment toward aging cells proliferation. Different small letters (a, b, ¢, d, e) in the histogram
(among concentrations of H,0, inducer on B] cells) were significantly different at p<0.05 (Tukey post hoc test),
(B) the histogram are presented as mean + standard deviation of 10% CM-hATMSCs treatment toward aging
cells proliferation. Different small letters (a, b, ¢, d) in the histogram (among concentrations of H,0, inducer on
BJ cells) were significantly different at p<0.05 (Tukey post hoc test), (C) the histogram are presented as mean *
standard deviation of 30% CM-hATMSCs treatment toward aging cells proliferation. Different small letters (a, b,
¢, d) in the histogram (among concentrations of H,0, inducer on BJ cells) were significantly different at p<0.05
(Tukey post hoc test)
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skin fibroblast proliferation, higher concentration of
H,0, increase cell death. TBHP 100 uM inhibit B] cells
proliferation lower compared to H,0, (100 pM, 200
pM). Treatment using CM-hATMSCs (10 %) decrease
BJ cells death, the most active of CM-hATMSCs (10
%) toward B]J cells is treated with TBHP 100 uM then
followed by H,0, 50 uM, 100 uM, 200 pM respectively
(Figure 1B). Treatment using CM-hATMSCs (10%)
improves H,O, induced-cells proliferation (Figure
1B) but CM-hATMSCs (30 %) has not ability to
improve H,0, induced-cells (Figure 1C).

3.3. Effect CM-hATMSCs Towards ROS Level
of Aging Cells Model

This research was very important to measure the
ROSlevelofH,0,induced-humanskinfibroblastwhich
treated by CM-hATMSCs in various concentrations
(Figure 2). The CM-hATMSCs (30%) have lower ability
to improve cells proliferation compared to 10 % on
H,0,-induced cells, the further step to measure the
ROS level of aging cells treated with CM-hATMSCs
in level 10%, 25%. Based on the data (Figure 2A)
show that H,0, increase ROS level in H,O,-induced
skin fibroblast cells, higher concentration of H,O,
increase ROS level. Treatment using CM-hATMSCs
(10%, 25%) increase ROS level in normal cells (Figure
2B and C). The CM-hATMSCs (10%, 25%) decrease
ROS level in aging cells model (induced by H,0, 100,
200 pM) (Figure 2D). The representative ROS level in
dot plot for each treatment can be seen in Figure 3.

3.4. Effect CM-hATMSCs Towards Collagen
Level of Aging Cells Model

This research was done to evaluate the effect
various concentrations of CM-hATMSCs treatment
on free radicals-induced human skin fibroblast cells
as aging cells model toward collagen level (Figure
4). Based on the data (Figure 4) shows that skin
fibroblast cells without and with H,0, treatment
didn’t contain collagen. The CM-hATMSCs contained
collagen which higher concentration of CM-
hATMSCs increased collagen level, the CM-hATMSCs
10% contained collagen 39.80 pg/ml and the CM-
hATMSCs 25% contained 242.87 pg/ml. The H,0,-
induced skin fibroblast in low level of H,O, inducer
(50 uM) resulted highest collagen level both in
CM-hATMSCs 10% (99.81 ng/ml) and CM-hATMSCs
25% (604.98 pg/ml). Higher H,0, (100 uM) as aging
inducer decreased collagen level both in CM-
hATMSCs 10% (92.68 ng/ml) and CM-hATMSCs 25%
(495.97 pg/ml). The highest H,0, (200 pM) inducer
decreased collagen level were lower than H,O, (100
pM) inducer.

4. Discussion

The cumulative exposure to UV light causes skin
aging, which resulted the development of ROS in the
skin. The CM-hATMSCs can scavenge free radicals and
boost the survival rate of skin cells under oxidative
stress.

Based on Figure 1 showed that H,0, inhibit skin
fibroblast proliferation and increase cell death. This
result was consistent with previous research that
treatment with 0.5 mM H,0, reduced cell viability
to 27.3% and with 1.0 mM decreased the viability to
9.07% (Dash et al. 2008). H,0, increased the number
of dead cells, 50-500 uM H, 0, significantly decreased
the population of viable human pulmonary fibroblast
(HPF) cells in a concentration-dependent manner, H,0,
induced cell death via apoptosis in HPF cells (Park and
Bae 2016). Proliferation of normal human dermal
fibroblasts was reduced by H,0, (600 pM) treatment
(Sohn et al. 2018).

Treatment using CM-hATMSCs (10%) improves
normal skin fibroblast (H,0, uninduced-cells)
proliferation (Figure 1B), but CM-hATMSCs (30%) has
not ability to improve H,O, induced- cells (Figure 1C).
The CM-hATMSCs has ability to improve cells viability
on aging cells model, this result was consistent with
previous research that CM-BMMSCs promoted the
proliferation of human foreskin fibroblast (HFF)
with concentration of CM-BMMSCs 5%, significant
differences in proliferation potential at 25% and 50%
compared to control medium (Balasubramanian et
al. 2017). The CM-MSCs can increase the survival rate
of dorsal root ganglia cells under oxidative stress of
H,0, and presents neuroprotective properties (Campisi
2013; Jones et al. 2013). The CM-MSCs have a variety
of growth factors; cytokines which acts as chemo-
attractant and recruiting macrophages and endothelial
cells for the wound healing (Ansari et al. 2013).
The application MSCs-derived growth factors and
cytokines (GF/CKs) has been implicated for the repair
and regeneration of the damaged skin that occurs due
to aging and exposure to environmental stress factors
(Balasubramanian et al. 2017). These growth factors
and cytokines present in the CM, are believed to be
beneficial in reducing signs of skin aging, owing to their
capacity to promote dermal fibroblast and keratinocyte
proliferation. CM was able to induce proliferation,
migration, the Extracelllular Matrix (ECM) synthesis
etc., in damaged fibroblasts by extraneous elements,
thus suggesting that it may be useful for skin repair
and rejuvenation (Balasubramanian et al. 2017). MSCs
produce an array of mediators such as cytokines and
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Figure 2. Effect various concentrations of CM-hATMSCs treatment on free radicals-induced human skin fibroblast cells as
aging cells model toward ROS level. (A) The histogram are presented as mean + standard deviation of 0% CM-
hATMSCs treatment toward ROS level. Different small letters (a, b, ¢, d) in the histogram (among concentrations
of H,0, inducer on BJ cells) were significantly different at p<0.05 (Tukey post hoc test), (B) the histogram are
presented as mean + standard deviation of 10% CM-hATMSCs treatment toward ROS level. Different small letters
(a, b, ¢) in the histogram (among concentrations of H,0, inducer on BJ cells) were significantly different at
p<0.05 (Tukey post hoc test), (C) the histogram are presented as mean * standard deviation of 25% CM-hATMSCs
treatment toward ROS level. Different small letters (a, b, ¢) in the histogram (among concentrations of H,0,
inducer on B]J cells) were significantly different at p<0.05 (Tukey post hoc test), (D) the histogram are presented
as mean + standard deviation of 0, 10, 25% CM-hATMSCs treatment toward ROS level. Different small letters
were significant different among concentrations 0, 10, 20, 30 % of CM-hATMSCs. Different letter (a, b, c) were
significant different CM-hATMSCs concentrations in 0 uM H,0.,. Different letter (a, b, c) were significant different
among CM-hATMSCs concentrations in 50 pM H,0,. Different letter (a, b) were significant different among CM-
hATMSCs concentrations in 100 pM H,0,. Different letter (a, b, c) were significant different among CM-hATMSCs
concentrations in 200 pM H,0, at p<0.05 (Tukey post hoc test)
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Figure 4. Effect various concentrations of CM-hATMSCs
treatment on H,0, -induced human skin
fibroblast cells as aging cells model toward
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of H,0, inducer on BJ cells in CM 25%), were
significantly different at p<0.05 (Tukey post hoc
test)

growth factors (Caplan and Correa 2011) that promote
tissue repair mainly by activating endogenous repair
mechanisms, and by acting as temporal immune
suppressants (Le Blanc and Pittenger 2005; Giordano
and Galderisi 2006).

The MSCs secretome can be modulated to boost
the beneficial actions of these cells, so that they
can respond even more effectively to inflammatory
conditions (Redondo-Castro et al. 2017). The secretome
of MSCs contain a large array of growth factors,
cytokines, chemokines, enzymes, extracellular matrix
proteins and small molecules (Balasubramanian et al.
2017). These factors possess the ability to trigger a
cascade of biological reactions such as cell proliferation
and migration, tissue granulation and epithelialization
and angiogenesis, modulate the local environment,
affecting differentiation and functional recovery of
resident cells (Chen et al. 2014). The MSCs can secrete
over 200 different types of factors that encompasses
a large array of growth factors, cytokines and
chemokines, and ECM of proteins and enzymes, many
of which may work in conjunction or independently
and essentially trigger tissue repair and possibly
rejuvenation (Ranganath et al. 2012; Flower et al. 2015;

Konala et al. 2016). It is evident that while majority
of factors responsible for fibroblast proliferation
including Fibroblast Growth Factor-7 (FGF-7)/
Keratinocyte Growth Factor (KGF), Platelet Derived
Growth Factor (PDGF), angiogenesis such as Vascular
Endothelial Growth Factor (VEGF), Hepatocyte Growth
Factor (HGF), Insulin-Like Growth Factor-1 (IGF-1),
Angiopoietin-1 (Ang-1), epithelialization including
Transforming Growth Factor-p1 (TGF-1), Laminin,
Tissue Inhibitor of MetalloProteinases-1 (TIMP-1)
and TIMP-2 are present in varying amounts ranging
from 53 pg/ml to 2218000 pg/ml (Balasubramanian
et al. 2017). Paracrine factors such as PDGF, bFGF,
KGF, TGF-pB1, HGF, VEGF, Type-1 collagen (COL-1) and
fibronectin secreted by ATMSCs have been shown to
restore dermal thickness, improve skin texture and
reduce wrinkles in human skin (Jayaraman et al.
2013). MSCs-derived Growth Factor and Cytokines
(GF/CKs) are important regulatory molecules which
mediate the signaling pathways between and within
the cells and play an important role in maintaining
the skin structure and function (Jayaraman et al.
2013). BM-MSCs secreted VEGF-A, bFGF, and other
factors, these growth factors and cytokines function
together modulate the local environment, affecting the
proliferation, migration, differentiation and functional
recovery of resident cells (Chen et al. 2014).

ROS are highly reactive molecules such as superoxide
(0,*-), H,0,, and hydroxyl radicals (*OH) contribute
in the initiation and progression of the aging process
(Widowati et al. 2018a). Increased levels of ROS can
damage various cellular processes. The *OH generated
from H,0, reacting with different transition metals
is particularly damaging to DNA (Dash et al. 2008).
ROS cause oxidative deterioration of DNA, protein,
and lipid, ROS as one of the causative factors of aging
(Cui et al. 2012). H,0, can be diffused within the cell
and be removed by cytosolic antioxidant systems such
as catalase (CAT), glutathione peroxidase (GPX), and
thioredoxin peroxidase (TPx) (Cui et al. 2012). Oxidative
stress contributes to cellular aging (Widowati et al.
2018a), pathogenesis (Macnee 2005), oxidative stress
altered differentiation of aged-MSCs. The aged mice
MSCs display decreased antioxidant power (Kasper et
al. 2009; Broekman et al. 2016). The CM from WJMSCs
has ability to scavenge effectively free radicals and
increase the survival rate of skin cells under oxidative
stress. The cosmetic composition contain CM can be
used to improve the undesired skin conditions as anti-
oxidation and anti-aging (US 9284528 B2). The present
study showed that CM-hATMSCs (10%, 25 % has ability
suppressing of ROS level in cells aging model (induced
by H,0, 100, 200 uM) (Figure 2D). In other study was
reported that the contribution of human GF/CKs in
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reducing the levels of ROS most effectively at 5% and
10% of CM-BMMSCs (Balasubramanian et al. 2017). The
CM protected the activities of antioxidant enzymes
including Superoxide Dismutase (SOD), CAT, and GPx
which were reduced by H,0, exposure (Sohn et al.
2018).

Fibrous collagen is very important for the strength
and elasticity of skin, and the amount of this protein is
generally decreased with aging. The Adipose Derived
Stem Cells (ADSCs) increase the dermal collagen
synthesis and even vascularity via production of many
cytokines and growth factors (Kim et al. 2007; Rubina et
al. 2009). Based on the result, CM-hATMSCs contained
collagen which higher concentration of CM-hATMSCs
increased collagen level, CM-hATMSCs 25% contained
the higher collagen level (242.87 ng/ml) compared to
hATMSCs-CM 10% (39.80 pg/ml) (Figure 4). It has been
shown that ADSCs secrete growth factors that have
an effect on fibroblast and keratinocyte proliferation
(Moonetal. 2012; Lee et al. 2012; Amirkhani et al. 2016;
Noverina et al. 2019). The CM of hMSCs consisting of
various GF and CKs is known to promote regeneration of
damaged tissue (Kamprom et al. 2016). Growth factors
and cytokines in CM promote the collagen, elastin, and
hyaluronic acid synthesis, which helps in keeping the
skin elasticity and durability skin, making it appear
younger (Amirthalingam and Seetharam 2016). CKs
stimulate fibroblasts that secrete collagen and elastin
(Amirthalingam and Seetharam 2016). GF and CKs of
stem cells promote dermal fibroblast proliferation,
deposition and reorganization collagen (Gold et
al. 2007; Balasubramanian et al. 2017). Percentage
restoration of collagen was 8.4%, 8.8%, 28.1% higher
in CM treated group at the dilutions of 5, 10, and 50%
respectively compared to control medium, suggesting
that human GF/CKs contributed to collagen synthesis
in a dose dependent manner (Balasubramanian et al.
2017).

In conclusion, in this study, adipose tissue from
liposuction could be source hATMSCs which secreted
Conditioned Medium, and the anti-aging properties
of Conditioned Medium of hATMSCs were evaluated
in increasing proliferation and collagen synthesis,
effectively protected free radical induced-fibroblast
cells from oxidative stress by in vitro study.

Conflicts of Interest

The authors declare that they have no competing
interests.

References

Amirkhani, M.A., Shoae-Hassani, A., Soleimani, M., Hejazi, S.,
Ghalichi, L., Nilforoushzadeh, M.A., 2016. Rejuvenation
of facial skin and improvement in the dermal
architecture by transplantation of autologous stromal
vascular fraction: a clinical study. Biolmpacts: BI. 6,
149-154. https://doi.org/10.15171/bi.2016.21

Amirthalingam, M., Seetharam, R.N., 2016. Stem cell derived
goiréletzic products: an overview. Manipal. J. Med. Sci.,

, 46-52.

Ansari, M.M., Sreekumar, T.R., Chandra, V., Dubey, P.X., Kumar,
G.S.,Amarpal, Sharma, G.T,, 2013. Therapeutic potential
of canine bone marrow derived mesenchymal stem
cells and its conditioned media in diabetic rat wound
healing. J. Stem Cell. Res. Ther. 3, 1-6. https://doi.
org/10.4172/2157-7633.1000141

Balasubramanian, S., Thej, C., Walvekar, A., Swamynathan,
P, Gupta, PK., Seetharam, R.N., Majumdar, A.S., 2017.
Evaluation of the secretome profile and functional
characteristics of human bone marrow mesenchymal
stromal cells-derived conditioned medium suggest
potential for skin rejuvenation. J. Cosmet. Dermatol.
Sci. Appl. 7, 99-117. https://doi.org/10.4236/
Ecdsa.2017.71010

Bieback, K., Kinzebach, S., Karagianni, M., 2010. Translating
Research into clinical scale manufacturing of
mesenchymal stromal cells. Stem Cells Int. 2010, 1-11.
https://doi.org/10.4061/2010/193519

Broekman, W., Roelofs, H., Zarcone, M.C,, Taube, C,, Stolk, J.,
Hiemstra, P.S., 2016. Functional characterisation of
bone marrow-derived mesenchymal stromal cells from
COPD patients. ER] Open Res. 2,00045-2015. https://
doi.org/10.1183/23120541.00045-2015

Campisi, J., 2013. Aging, cellular senescence, and cancer. Annu.
Rev. Physiol. 75, 685-705. https://doi.org/10.1146/
annurev-physiol-030212-183653

Caplan, A.L, Correa, D., 2011. The MSC: an injury drugstore.
Cell Stem Cell. 9, 11-15. https://doi.org/10.1016/].
stem.2011.06.008

Chandrasekaran, A., Idelchik, M. del P.S., Melendez, ].A.,
2017. Redox control of senescence and age-related
disease. Redox Biol. 11,91-102. https://doi.org/10.1016/j.
redox.2016.11.005

Chen, H.,Li, Y., Tollefsbol, T.0., 2013. Cell senescence culturing
methods. Methods Mol. Biol. 1048, 1-10. https://doi.
org/10.1007/978-1-62703-556-9_1

Chen, L., Xu, Y., Zhao, J., Zhang, Z., Yang, R, Xie, ]., Qj, S., 2014.
Correction: conditioned medium from hypoxic bone
marrow-derived mesenchymal stem cells enhances
wound healing in mice. PLoS One. 10,e0145565. https://
doi.org/10.1371/journal.pone.0145565

Cui, H.,Kong, Y.,Zhang, H., 2012. Oxidative stress, mitochondrial
dysfunction, and aging. J. Signal. Transduct. 2012, 1-12.
https://doi.org/10.1155/2012/646354

Dash, R., Acharya, C,, Bindu, P.C., Kundu, S.C., 2008. Antioxidant
potential of silk protein sericin against hydrogen
peroxide-induced oxidative stress in skin fibroblasts.
BMB Rep. 41, 236-241. https://doi.org/10.5483/
BMBRep.2008.41.3.236

Flower, T.R., Pulsipher, V., Moreno, A., 2015. A new tool
in regenerative medicine: mesenchymal stem cell
secretome. J. Stem Cell. Res. Ther. 1, 10-12. https://
doi.org/10.15406/jsrt.2015.01.00005



HAYATI J Biosci

Vol. 29 No. 3, May 2022

Gilmore, B.L,, Liang, Y., Winton, C.E., Patel, K., Karageorge,
V., Varano, A.C.,Kelly, D.F., 2017. Molecular analysis of
BRCAT1 in human breast cancer cells under oxidative
stress. Sci. Rep. 7,1-9. https://doi.org/10.1038/srep43435

Giordano, A., Galderisi, U., 2006. From the laboratory bench
to the patient’s bedside: an update on clinical trials
with mesenchymal stem cells. J Cell Physiol. 211, 27-
35. https://doi.org/10.1002/jcp.20959

Girsang, E., Ginting, C.N,, Lister, LN.E., Gunawan, K.Y., Widowati
W., 2021. Anti-inflammatory and antiaging properties
of chlorogenic acid on UV-induced fibroblast cell. Peer].
9, e11419. https://doi.org/10.7717 [peerj.11419

Gold, M.H., Goldman, M.P, Biron, J., 2007. Efficacy of novel
skin cream containing mixture of human growth
factors and cytokines for skin rejuvenation. J. Drugs
Dermatol. 6, 197-201.

Jayaraman, P, Nathan, P, Vasanthan, P, Musa, S., Govindasamy,
V., 2013. Stem cells conditioned medium: a new
approach to skin wound healing management. Cell Biol.
Int. 37,1122-1128. https://doi.org/10.1002/cbin.10138

Jones, ]., Estirado, A., Redondo, C., Martinez, S., 2013. Stem
cells from wildtype and Friedreich’s ataxia mice
present similar neuroprotective properties in dorsal
root ganglia cells. PLoS One. 8, e62807. https://doi.
org/10.1371/journal.pone.0062807

Kamprom, W., Kheolamai, P., U-Pratya, Y., Supokawej, A.,
Wattanapanitch, M., Laowtammathron, C., Issaragrisil,
S., 2016. Effects of mesenchymal stem cell-derived
cytokines on the functional properties of endothelial
progenitor cells. Eur. J. Cell Biol. 95, 153-163. https://
doi.org/10.1016/j.ejcb.2016.02.001

Kasper, G., Mao, L., Geissler, S., Draycheva, A., Trippens,
J., Kiithnisch, ], Duda, G.N., 2009. Insights into
mesenchymal stem cell aging: involvement of
antioxidant defense and actin cytoskeleton. Stem
Cells.27,1288-1297. https://doi.org/10.1002/stem.49

Keira, S.M.,, Ferreira, L.M., Gragnani, A., Duarte, I.daS., Barbosa,
].,2004. Experimental model for collagen estimation
n cell culture. Acta Cir. Bras. 19, 17-22. https://doi.
org/10.1590/S0102-86502004000700005

Kim, W.S., Park, B.S., Sung, ].H., Yang, I]M Park, S.B., Kwak,
S.J., Park, ].S., 2007. Wound healing effect of adipose-
derived stem cells: a critical role of secretory factors
on human dermal fibroblasts. J. Dermatolog. Sci. 48,
15-24. https://doi.org/10.1016/j.jdermsci.2007.05.018

Kolaparthy, LK., Sanivarapu, S., Moogla, S., Kutcham, R.S.,
2015. Adipose tissue-adequate, accessible regenerative
material. Int. J. Stem Cell. 8, 121-127. https://doi.
org/10.15283/ijsc.2015.8.2.121

Konala, V.B.R., Mamidi, M.K,, Bhonde, R., Das, A.K,, Pochamgaally,
R., Pal, R, 2016. The current landscape of the
mesenchymal stromal cell secretome: a new paradigm
for cell-free regeneration. Cytother. 18, 13-24. https://
doi.org/10.1016/j.jcyt.2015.10.008

Konno, M., Hamabe, A., Hasegawa, S., Ogawa, H., Fukusumi,
T., Nishikawa, S., Noguchi, Y., 2013. Adipose-derived
mesenchymal stem cells and regenerative medicine,
Dev. Growth Differ. 55,309-318. https://doi.org/10.1111/
dgd.12049

Kwon, T.R,, Oh, C.T., Choi, E.J., Kim, S.R., Jang, Y.J., Ko, E.J., Kim,
B.J., 2016. Conditioned medium from human bone
marrow-derived mesenchymal stem cells promotes
skin moisturization and effacement of wrinkles in
UVB-irradiated SKH-1 hairless mice. Photodermatol.
Photoimmunol. Photomed. 32, 120-128. https://doi.
org/10.1111/phpp.12224

Le Blangc, K., Pittenger, M.F.,, 2005. Mesenchymal stem cells:
progress toward promise. Cytother. 7, 36-45. https://
doi.org/10.1016/S1465-3249(05)70787-8

Lee, ], Park, C.H., Chun, K., Hong, S., 2015. Effect of adipose-
derived stem cell-conditioned medium on the
proliferation and migration of B16 melanoma cells.
Oncol. Lett. 10, 730-736. https://doi.org/10.3892/
01.2015.3360

Lee,S.H. Jin, S.Y.,, Song, ].S., Seo, K.K., Cho, K.H.,2012. Paracrine
effects of adiFose-derived stem cells on keratinocytes
and dermal fibroblasts. Ann. Dermatol. 24, 136-143.
https://doi.org/10.5021/ad.2012.24.2.136

MacNee, W., 2005. Pulmonary and systemic oxidant/
antioxidant imbalance in chronic obstructive
Eulmonary disease. Proc. Am. Thorac. Soc. 2, 50-60.

ttps://dol.org/10.1513/pats.200411-056SF

Miyoshi, N., Oubrahim, H., Chock, P.B., Stadtman, E.R., 2006.
Age-dependent cell death and the role of ATP in
hydrogen peroxide-induced apoptosis and necrosis.
Proc. Natl. Acad. Sci. USA. 103, 1727-1731. https://doi.
org/10.1073/pnas.0510346103

Moon, K.M.,, Park, Y.H., Lee, ].S., Chae, Y.B., Kim, M.M., Kim,
D.S., Lee, ].H., 2012. The effect of secretory factors of
adipose-derived stem cells on human keratinocytes.
Int.]. Mol. Sci. 13,1239-1257. https://doi.org/10.3390/
ijms13011239

Noverina, R., Widowati, W., Ayuningtyas, W., Kurniawan,
D., Afifah, E., Laksmitawati, D.R., Bachtiar, I., 2019.
Growth factors profile in conditioned medium human
adipose tissue-derived mesenchymal stem cells (CM-
hATMSCs). Clin. Nutr. Exp. 24, 34-44. https://doi.
org/10.1016/j.yclnex.2019.01.002

Park, M.J., Bae, Y.S., 2016. Fermented Acanthopanax koreanum
root extractreduces UVB-and H,O, -induced senescence
in human skin fibroblast cells.]. Microbiol. Biotechnol.
26,1224-1233. https://doi.org/10.4014/jmb.1602.02049

Pawitan, J.A., 2014. Prospect of stem cell conditioned medium
inregenerative medicine. Bio. Med. Res. Int. 2014, 1-14.
https://doi.org/10.1155/2014/965849

Pelle, E., Mammone, T., Maes, D., Frenkel, K. 2005. Keratinocytes
actas a source of reactive oxygen species by transferrin%
hydrogen peroxide to melanocytes. J. Invest. Dermatol.
124,  793-779.  https://doi.org/10.1111/j.0022-
202X.2005.23661.x

Pérez, V.1, Bokov, A., Remmen, H.V,, Mele, ].,Ran, Q,, Ikeno, Y.,
Richardson, A., 2009. Is the oxidative stress theory of
aging dead. Biochim. Biophys. Acta. 1790, 1005-1014.
https://doi.org/10.1016/j.bbagen.2009.06.003

Petrova, N.V., Velichko, A.K., Razin, S.V., Kantidze, O.L., 2016.
Small molecule compounds that induce cellular
senescence. Aging Cell. 15, 999-1017. https://doi.
org/10.1111/acel.12518

Piotrowska, A., Bartnik, E., 2014. The role of reactive oxygen
species and mitochondria in aging. Postepy Biochem.
60, 240-247.

Prahastuti, S., Hidayat, M., Hasiana, S.T., Widowati, W., Amalia,
A., Qodariah, R.L., Khoiriyah, Z., 2019. Ethanol extract
of jati belanda (Guazuma ulmifolia L.) as therapy
for chronic kidney disease in in vitro model. J. Rep.
Pharm. Sci. 8,229-235. https://doi.org/10.4103/jrptps.
JRPTPS_41_18

Ranganath, S.H., Levy, O., Inamdar, M.S., Karp, J.M., 2012.
Harnessing the mesenchymal stem cell secretome
for the treatment of cardiovascular disease. Cell
Stem Cell. 10, 244-258. https://doi.org/10.1016/].
stem.2012.02.005

Redondo-Castro, E., Cunningham, C., Miller, J., Martuscelli,
L., Aoulad-Alj, S., Rothwell, N. ]J., Pinteaux, E., 2017.
Interleukin-1 primes human mesenchymal stem
cells towards an anti-inflammatory and pro-trophic
phenotype in vitro. Stem Cell Res. Ther. 8, 1-11. https://
doi.org/10.1186/s13287-017-0531-4



Rubina, K., Kalinina, N., Efimenko, A., Lopatina, T., Melikhova,
V., Tsokolaeva, Z., Parfyonova, Y., 2009. Adipose stromal
cells stimulate angiogenesis via promoting progenitor
cell differentiation, secretion of angiogenic factors, and
enhancing vessel maturation. Tissue Eng. Part A . 15,
2039-2050. https://doi.org/10.1089/ten.tea.2008.0359

Sohn, S.J., Yu,].M,, Lee, E.Y., Nam, Y.J., Kim, ]., Kang, S., Kang,
S.,2018. Anti-aging properties of conditioned media of
epidermal progenitor cells derived from mesenchymal
stem cells. Dermatol. Ther. (Heidelb). 8, 229-244. https://
doi.org/10.1007/s13555-018-0229-2

Wang, Z., Wei, D., Xiao, H. 2013. Methods of cellular senescence
induction using oxidative stress. Methods. Mol. Biol.
10%89131513—144. ttps://doi.org/10.1007/978-1-62703-
556-9_

Widowati, W., Wijaya, L., Bachtiar, 1., Gunanegara, R. F,
Sugeng, S.U., Irawan, Y.A., Widodo, M.A., 2014. Effect
of oxygen tension on proliferation and characteristics
of Wharton'’s jelly-derived mesenchymal stem cells.
Biomarkers Genomic Med. 6, 43-48. https://doi.
org/10.1016/j.bgm.2014.02.001

Widowati, W., Wijaya, L., Murti, H., Widyastuti, H., Agustina,
D., Laksmitawati, D.R., Bachtiar, I., 2015. Conditioned
medium from normoxia (WJMSCs-norCM) and
hypoxia-treated WJMSCs (W]MSCs-hypoCM) in
inhibiting cancer cell proliferation. Biomarkers Genomic
Med. 7,8-17. https://doi.org/10.1016/j.bgm.2014.08.008

Widowati W et al.

Widowati, W., Noverina, R., Ayuningtyas, W., Kurniawan, D.,
Faried, A., Laksmitawati, D.R., 2018a. Reactive oxygen
species and aging mechanism. Reactive Oxygen Species
(ROS) Mechanisms and Role in Health and Disease.
Nova Sci. Publishers, New York. pp. 101-134.

Widowati, W., Afifah, E., Mozef, T., Sandra, F., Rizal, R.,
Amalia, A., Murti, H., 2018b. Effects of insulin-like
growth factor-induced Wharton jelly mesenchymal
stem cells toward chondrogenesis in an osteoarthritis
model. Iran. J. Basic. Med. Sci. 21, 745-752. https://doi.
org/10.22038/1JBMS.2018.28205.6840

Widowati, W., Noverina, R., Ayuningtyas, W., Kurniawan, D.,
Kusuma, H.S.W., Arumwardana, S., Laksmitawati, D.R.,
2019. Proliferation, characterization and differentiation
potency of adipose tissue-derived mesench?/mal stem
cells (AT-MSCs) cultured in fresh frozen plasma. Int.
J. Mol.Cell. Med. 8, 283-294.



