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Abstract: The initial efficacy of placental extracts (Pla-Exts) and human mesenchymal stem-cell-
derived exosomes (hMSC-Exo) against aging-induced stress in human dermal fibroblasts (HDFs) was
examined. The effect of Pla-Ext alone, hMSC-Exo alone, the combined effect of Pla-Ext and hMSC-Exo,
and the effect of hMSC-Exo (Pla/MSC-Exo) recovered from cultures with Pla-Ext added to hMSC
were verified using collagen, elastin, and hyaluronic acid synthase mRNA levels for each effect.
Cells were subjected to photoaging (UV radiation), glycation (glycation end-product stimulation),
and oxidation (H2O2 stimulation) as HDF stressors. Pla-Ext did not significantly affect normal skin
fibroblasts with respect to intracellular parameters; however, a pro-proliferative effect was observed.
Pla-Ext induced resistance to several stresses in skin fibroblasts (UV irradiation, glycation stimulation,
H2O2 stimulation) and inhibited reactive oxygen species accumulation following H2O2 stimulation.
Although the effects of hMSC-Exo alone or the combination of hMSC-Exo and Pla-Ext are unknown,
pretreated hMSC-Exo stimulated with Pla-Ext showed changes that conferred resistance to aging
stress. This suggests that Pla-Ext supplementation may cause some changes in the surface molecules
or hMSC-Exo content (e.g., microRNA). In skin cells, the direct action of Pla-Ext and exosomes
secreted from cultured hMSCs pretreated with Pla-Ext (Pla/MSC-Exo) also conferred resistance to
early aging stress.

Keywords: placental extracts; aging; human mesenchymal stem-cell-derived exosomes; senescence

1. Introduction

Despite daily exposure to external environmental stresses, skin cells (keratinocytes,
fibroblasts, dermal stem cells, etc.) cooperate to maintain the extracellular matrix environ-
ment, ensuring an ongoing stress response. The major contributors to skin aging include
photoaging (UV radiation), glycation (advanced glycation end-product [AGE] stimulation),
and oxidation (H2O2 stimulation). Resistance to these stresses is one way of combating
skin aging, with the inhibition of intracellular reactive oxygen species (ROS) accumula-
tion being crucial [1,2]. Recently, in vivo cultured stem cells from regenerative medicine
research have been incorporated in skin anti-aging research, and the skin anti-aging effects
of extracellular vesicles, such as mesenchymal stem-cell-derived exosomes (hMSC-Exo),
have been investigated [3,4]. Stem cells have been shown to have a function called the
homing effect. According to this theory, when they receive rescue signals from damaged
tissues or cells, they rush to the affected area and regenerate into those cells. It has been
shown that the signal transduction is carried out by stem-cell-derived exosomes, which
also contribute to wound healing in the skin [5,6]. However, since it takes 3 to 4 months for
stem cells to regenerate, it is important to enhance the role of stem-cell-derived exosomes
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that can act earlier in order to adapt them to cellular aging. While an anti-aging effect that
can improve aged cells is a desirable effect, it is thought that resistance to early aging stress
may also have a preventive effect.

Human placental extracts (hPLa) have been widely used in traditional medicine,
including Chinese medicine, for wound healing [7,8]. hPLa is considered a “natural reser-
voir” because it contains numerous bioactive materials, including vitamins, amino acids,
peptides, growth factors, and trace elements [9]. Subcutaneous and intramuscular hPLa
injections have been used clinically to treat hepatic diseases and menopausal disorders [10].
Moreover, hPLa is used clinically as an anti-wrinkle agent, mainly in Asian countries, due
to its antioxidant, cellular growth, and collagen synthesis effects [11,12]. However, since
the use of hPLa as a medicinal product is limited in some countries, such as Japan, porcine
placental extracts (Pla-Exts) have been recently developed as a substitute for hPLa and are
used as a raw material in healthy foods and cosmetics [13]. Pla-Ext reportedly has antioxi-
dant, immunomodulatory, and immunopotentiating effects [14–16]. Evidence suggests that
Pla-Ext stimulation increases cell numbers and collagen and elastin production in human
dermal keratinocytes, and Pla-Exts can penetrate epidermal tissue to reach fibroblasts
and skin stem cells in a three-dimensional skin model (the data are being prepared for
publication). hMSC-Exos have also been demonstrated to repair fibroblast damage under
H2O2 water stress [17].

Here, we evaluated the response elicited by the Pla-Ext treatment of cultured human
dermal fibroblasts (HDFs) to verify its efficacy against human skin aging and whether it
confers resistance to damage when HDFs are subjected to several types of aging stress.
To determine the effects of the control (purified water [DW]), hMSC-Exo alone, Pla-Ext
and hMSC-Exo combined, and hMSC-Exo (Pla/MSC-Exo) recovered from culture broth
containing Pla-Ext added to hMSCs (preconditioning), HDFs were subjected to photoaging
(UV radiation), saccharification (AGE stimulation), and oxidation (H2O2 stimulus).

Dermal fibroblasts have been shown to be capable of synthesizing collagen, elastin,
and dermal hyaluronan, as indicators for several stress responses. Therefore, the mRNA
levels of these proteins were measured in the present study [18,19]. This study aimed to
determine the initial mechanism of action underlying the anti-aging effect of Pla-Ext on
human skin. In addition, we also investigated whether the mechanism of action was altered
by MSC-Exo obtained from preconditioning, where Pla-Ext acts directly on hMSC-Exo.

2. Results
2.1. Effects on Normal HDFs

HDFs were treated with five additives, and the mRNA expression levels for collagen,
elastin, and hyaluronic acid synthase were assessed over time (Figure 1a–c). After adding
Pla-Ext, the mRNA expression levels tended to increase in a concentration-dependent
manner from 1 to 4 h, but none significantly increased. No mRNA variations were observed
in the group treated with hMSC-Exo alone. In addition, the mRNA levels following Pla-
Ext and hMSC-Exo combination stimulation or hMSC–supplement exosome treatment of
normal skin cells did not vary significantly. Furthermore, the effects of the five treatments
on cell proliferation were examined. All treatment groups exhibited higher proliferation
compared to the controls, with the Pla-Ext-treated group demonstrating the highest growth
potential (a 13% increase compared to the controls at 48 h; p < 0.05) (Figure 2).

2.2. Damage Resistance in HDFs Subjected to Photoaging Stimuli (UV Radiation)

The collagen, elastin, and hyaluronic acid synthase mRNA levels were measured fol-
lowing treatment with the five additives and UV radiation for 5 or 25 min (Figure 3). UV
irradiation decreased collagen mRNA expression levels compared to the non-irradiated group;
however, it increased elastin and hyaluronic acid synthase mRNA levels. Pla-Ext increased
collagen expression to counteract the response but decreased elastin and hyaluronic acid
synthase expression. hMSC-Exo was not resistant to collagen but was resistant to elastin and
hyaluronic acid synthase in response to UV radiation. However, co-treatment with Pla-Ext
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and hMSC-Exo resulted in weakened resistance. Furthermore, the exosomes obtained by
stimulating hMSCs with Pla-Ext were resistant to the three parameters.
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Figure 1. Effects of Pla-Ext on (a) collagen, (b) elastin, and (c) hyaluronic acid synthase mRNA ex-
pression levels in normal human dermal fibroblasts. Pla-Ext, placental extract; hMSC-Exo, human 
mesenchymal stem-cell-derived exosomes; Pla extract-stimulated hMSC-Exo; placenta extract-stim-
ulated human mesenchymal stem-cell-derived exosomes. 

Figure 1. Effects of Pla-Ext on (a) collagen, (b) elastin, and (c) hyaluronic acid synthase mRNA expres-
sion levels in normal human dermal fibroblasts. Pla-Ext, placental extract; hMSC-Exo, human mes-
enchymal stem-cell-derived exosomes; Pla extract-stimulated hMSC-Exo; placenta extract-stimulated
human mesenchymal stem-cell-derived exosomes.

2.3. Damage Resistance in HDFs Subjected to Glycation Stress

The HDFs tended to display reduced collagen, elastin, and hyaluronic acid synthase
mRNA expression levels following treatment with AGEs. This effect was reversed by
Pla-Ext treatment, which elevated the expression levels of all three proteins. hMSC-Exo
stimulated by Pla-Ext also showed a similar effect. hMSC-Exo showed a tendency to further
reduce the mRNA levels that were decreased by AGEs. In addition, when combined with
Pla-Ext, they seemed to inhibit the action of Pla-Ext (Figure 4).
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Figure 2. Effects of Pla-Ext on normal human dermal fibroblast proliferation. Pla-Ext, placental ex-
tract; hMSC-Exo, human mesenchymal stem-cell-derived exosomes; Pla extract-stimulated hMSC-
Exo; placenta extract-stimulated human mesenchymal stem-cell-derived exosomes. * p < 0.05 vs. 
control (DW). 
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Figure 2. Effects of Pla-Ext on normal human dermal fibroblast proliferation. Pla-Ext, placental
extract; hMSC-Exo, human mesenchymal stem-cell-derived exosomes; Pla extract-stimulated hMSC-
Exo; placenta extract-stimulated human mesenchymal stem-cell-derived exosomes. * p < 0.05 vs.
control (DW).
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Figure 3. Effects of Pla-Ext on (a) collagen, (b) elastin, and (c) hyaluronic acid synthase mRNA expression
levels in UV-treated human dermal fibroblasts (5 or 25 min). Pla-Ext, placental extract; hMSC-Exo,
human mesenchymal stem-cell-derived exosomes; Pla extract-stimulated hMSC-Exo; placenta extract-
stimulated human mesenchymal stem-cell-derived exosomes. * p < 0.001 vs. UV alone.
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somes. * p < 0.001 vs. AGE alone. 

2.4. Damage Resistance in HDFs Subjected to Oxidative Stress 
H2O2 stress significantly reduced collagen, elastin, and hyaluronic acid synthase 

mRNA levels in HDFs, compared with untreated control levels. Pla-Ext mitigated collagen 
damage and compensated for the reduction in elastin and hyaluronic acid synthase, sur-
passing untreated control levels. hMSC-Exo alone did not confer resistance. However, Pla-
Ext-stimulated hMSC-Exo conferred resistance. When Pla-Ext and hMSC-Exo were used 
together, the effect of Pla-Ext was almost maintained, and the effect of the combination 
with hMSC-Exo was almost nonexistent (Figure 5). 

Figure 4. Effects of Pla-Ext on (a) collagen, (b) elastin, and (c) hyaluronic acid synthase mRNA
expression levels in human dermal fibroblasts treated with advanced glycation end-products (AGE).
Pla-Ext, placental extract; hMSC-Exo, human mesenchymal stem-cell-derived exosomes; Pla extract-
stimulated hMSC-Exo; Placenta extract-stimulated human mesenchymal stem-cell-derived exosomes.
* p < 0.001 vs. AGE alone.

2.4. Damage Resistance in HDFs Subjected to Oxidative Stress

H2O2 stress significantly reduced collagen, elastin, and hyaluronic acid synthase
mRNA levels in HDFs, compared with untreated control levels. Pla-Ext mitigated colla-
gen damage and compensated for the reduction in elastin and hyaluronic acid synthase,
surpassing untreated control levels. hMSC-Exo alone did not confer resistance. However,
Pla-Ext-stimulated hMSC-Exo conferred resistance. When Pla-Ext and hMSC-Exo were
used together, the effect of Pla-Ext was almost maintained, and the effect of the combination
with hMSC-Exo was almost nonexistent (Figure 5).

2.5. Inhibitory Efficacy against Intracellular ROS Accumulation in HDFs Subjected to
Oxidative Stress

H2O2 stress results in ROS accumulation in HDFs, with an increase of up to 370%
when the control is set at 100%. Pla-Ext reduced ROS in a concentration-dependent manner.
hMSC-Exo alone did not confer resistance. The effect of Pla-Ext seemed to become apparent
upon combination with exosomes. Although hMSC-Exo alone had no inhibitory effect,
a suppressive effect on ROS production was observed following treatment with Pla-Ext-
stimulated hMSC-Exo (Figure 6).
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dermal fibroblasts treated with H2O2. Pla-Ext, placental extract; hMSC-Exo, human mesenchymal
stem-cell-derived exosomes; Pla extract-stimulated hMSC-Exo; Placenta extract-stimulated human
mesenchymal stem-cell-derived exosomes. * p < 0.001 vs. H2O2 alone.
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Figure 6. Effects of Pla-Ext on the generation of reactive oxygen species (ROS) in human der-
mal fibroblasts treated with H2O2. Pla-Ext, placental extract; hMSC-Exo, human mesenchymal
stem-cell-derived exosomes; Pla extract-stimulated hMSC-Exo; placenta extract-stimulated human
mesenchymal stem-cell-derived exosomes. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. H2O2 alone.
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3. Discussion

The initial efficacy of placental extracts (Pla-Ext) and human mesenchymal stem-cell-
derived exosomes (hMSC-Exo) against aging-induced stress in human dermal fibroblasts
(HDFs) was examined. The effects of Pla-Ext alone, hMSC-Exo alone, the combination of
Pla-Ext and hMSC-Exo, and hMSC-Exo recovered from cultures in which Pla-Ext was added
to hMSCs (Pla/MSC-Exo) were examined using collagen, elastin, and hyaluronan synthase
mRNA levels for each effect. Cells were exposed to photoaging (UV irradiation), glycation
(stimulated with advanced glycation end-products; AGE), and oxidation (stimulated with
H2O2) as aging-inducing stressors.

Hydroalcoholic human placental extracts reportedly have growth-promoting effects
on skin cells. However, cell proliferation has not been directly observed [13,20]. In the
present study, Pla-Ext did not significantly affect intracellular parameters in normal skin
fibroblasts, but a pro-proliferative effect was observed (Figures 1 and 2). This difference
may be due to differences in animal species or extraction methods.

Placenta itself is a tissue that contains many stem cells. Exosomes are also secreted, but
the extract also contains many other cellular proteins and extracellular matrix components,
such as collagen, elastine, and hyaluronic acid. There is certainly a wide variety of stimuli
that are not present in the single stimulation of stem-cell-derived exosomes used in this
study, making it extremely difficult to identify the factors at play.

Pla-Ext conferred HDFs with resistance to UV irradiation and glycation and H2O2
stimulation. In the present study, we examined three parameters—collagen, elastin, and
hyaluronic acid synthase. The results demonstrated that stress-induced damage was re-
paired beyond the original condition, and the treatment conferred resistance to processes
related to cellular senescence. Although a combined effect with hMSC-Exo was not es-
tablished, we observed that preconditioned stem-cell-derived exosomes, stimulated by
Pla-Ext, conferred resistance to senescence-related stress (Figures 3–5). hMSC-Exo did not
inhibit H2O2-induced ROS accumulation; however, an inhibitory effect was observed with
hMSC-Exo derived from preconditioning with Pla-Ext alone and Pla-Ext (Figure 6).

hMSC-Exo alone tended to improve damage caused by UV irradiation (Figure 3). How-
ever, it did not show resistance to AGE, H2O2 stress, or accumulation of ROS (Figures 4–6).
On the other hand, exosomes secreted from cultured hMSCs pretreated with Pla-Ext.
(Pla./hMSC-Exo.) showed resistance to UV, AGE, and H2O2 stress (Figures 3–5) and were
also effective against accumulation of ROS (Figure 6).

This suggests that the mechanisms of aging, such as photoaging and oxidative stress
caused by AGEs or H2O2, are different, and that Pla-Ext treatment may have influenced
changes in the surface molecules or content (such as mRNA) of hMSC-secreted exosomes.
Several studies have demonstrated that stem cell preconditioning improves the capacity
of MSCs, as well as exosome secretion and function, indicating the enhanced biological
effects of pretreated MSC exosomes and their improved therapeutic effects against various
diseases [21–26]. Although Pla-Ext had no specific effect on cultured skin fibroblasts
in vivo, Pla-Ext is thought to have some effect when applied to the non-stressed skin of
living organisms [3].

This study suggests the following possibilities when Pla-Ext is present in epidermal
tissue after application.

Although Pla-Ext does not have any particular effect when it simply reaches fibrob-
lasts, it has been suggested that it may reduce damage caused by external stress, such as
ultraviolet radiation or internal glycation and oxidation.

Furthermore, if Pla-Ext reaches skin stem cells, it may provide some kind of stimulus
that causes them to secrete exosomes with different characters than the exosomes normally
secreted by stem cells.

It will be necessary to investigate in detail in the future what changes occur in stem-
cell-derived exosomes pretreated with Pla-Ext. In addition, we plan to verify the effects of
Pla-Ext on established senescent cells and the effects of pretreated exosomes.
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In the future, it may be possible to infer the anti-skin aging mechanism at the molecular
level by analyzing exosome surface molecules and even their cargo (microRNA, etc.).

An increasing number of studies have demonstrated that exosomes alone or in combi-
nation with Pla-Ext and preconditioned stem-cell-derived exosomes can secrete a range of
trophic factors, including cytokines, growth factors, and chemokines, from MSCs. There-
fore, MSCs are considered a paracrine tool [27,28]. Future studies should examine the
effects of stem-cell-derived secretome stimulation.

4. Materials and Methods
4.1. Porcine Placental Extracts (Pla-Ext)

Pla-Exts were fed through a GMP-grading cosmetic manufacturer (Sapporo, Japan). At
the manufacturing plant, raw placentas were supplied by a pig farm and stored frozen for
several months before entering the manufacturing process, after confirming the absence of
infectious disease at the pig farm. Certificates ensuring the safety of the extracts, including
sterility tests and the absence of residual estrogens, were issued. The extracts were approved
as cosmetic preparations.

4.2. Cell Cultures

HDFs and hMSCs were purchased from PromoCell (Heidelberg, Germany) and
subcultured in a 5% CO2 incubator at 37 ◦C in a designated, dedicated medium for
experimental use.

4.3. Isolation of Cultured Cell-Derived Exosomes

hMSC-derived exosomes or Pla/MSC-Exo from hMSC and Pla-Ext-treated hMSC
cultures were recovered using a miRCURY Exosome Isolation Kit (Product#: 300102;
Exiqon, Hovedstaden, Denmark).

4.4. Photoaging (UV) Stimulation

Various cell types were cultured in a 24-well culture plate. Culturing was continued
by quickly returning the plate to a CO2 incubator at 37 ◦C after each well was irradiated
for 5 or 25 min at a constant distance from the UV lamp. The UV radiation doses were set
at 2 J/cm2 for 5 min and 10 J/cm2 for 25 min using a UV-intensity meter.

4.5. AGE Generation

AGE treatment of bovine serum albumin (BSA, Fraction V; Sigma-Aldrich, St. Louis,
MO, USA) was performed according to the methods described by Maeda et al. [29]. Briefly,
BSA (25 mg/mL) was reacted with 0.2 M phosphate buffer (pH 7.4) for 7 days. Subsequently,
the glyceraldehyde that did not bind to BSA was removed using PD-10 gel-filtration
columns equilibrated with phosphate-buffered saline. The glycated BSA in the obtained
samples was quantified using a Glyceraldehyde-derived AGE-ELISA KIT and subjected to
experimentation.

4.6. Oxidative Stress Reagent

H2O2 (FUJIFILM Wako Pure Chemical Corporation, Osaka, Japan) was added to the
culture solution by diluting the stock solution with purified water to a final concentration
of 0.2 mM [30].

4.7. Intracellular Total RNA Extraction

Intracellular total RNA was extracted using a Trizol reagent (Ambion, Austin, TX,
USA) according to the manufacturer’s instructions.

4.8. RT-qPCR

Collagen [31], elastin [32], and hyaluronic acid synthase [31] mRNA expression levels
were determined using a one-step RT-qPCR method with the respective specific primers
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(Table 1). Specifically, one-step PCR was performed in the same tubing using a Luna
Universal One-Step qRT-PCR Kit (New England Biolabs, Ipswich, MA, USA) and Thermal
Cycler Dice Real Time System II (Takara Bio, Shiga, Japan). The reaction was performed
according to the reagent kit manufacturer’s instructions. Glyceraldehyde-3-phosphate
dehydrogenase [31], a constant-expression gene, was used to calculate the delta Ct [33]
with internal standards. Differences from the experimental controls were determined using
the delta–delta Ct method and expressed as fold changes in mRNA expression.

Table 1. Primers for RT-qPCR.

Gene Primer Ref.

Collagen 1 A2 Forward: CTGGACCTCCAGGTGTAAGC
[29]Reverse: TGGCTGAGTCTCAAGTCACG

Elastin
Forward: GGCCATTCCTGGTGGAGTTCC

[30]Reverse: AACTGGCTTAAGAGGTTTGCCTCCA

Hyaluronic acid synthase Forward: CACGTAACGCAATTGGTCTTGTCC
[29]Reverse: CCAGTGCTCTGAAGGCTGTGTAC

GAPDH
Forward: GACATGCCGCCTGGAGAAAC

[29]Reverse: AGCCCAGGATGCCCTTTAGT

4.9. Determination of Intracellular Reactive Oxygen Species

Intracellular ROS production was determined by a fluorometric assay using
dichlorofluorescein-diacetate (DCF-DA; Invitrogen, Carlsbad, CA, USA). After labeling the
cells in the experimental groups with 10 mM DCF-DA at 37 ◦C for 20 min, intracellular
ROS was assessed by measuring the excitation wavelength fluorescence intensity (525 nm)
using an Agilent Microplate Reader (Agilent Technologies, Santa Clara, CA, USA).

4.10. Experimental Protocol
4.10.1. Effects on Normal HDFs

HDFs were treated with purified water (DW), Pla-Ext alone, hMSC-Exo alone, exo-
somes (Pla/MSC-Exo) secreted from hMSCs stimulated by P-Ext + hMSC-Exo, and Pal-Ext,
which were serially diluted (1/100, 1/1000, 1/10,000 dilutions) to extract intracellular total
RNA. Collagen, elastin, and hyaluronic acid synthase mRNA expression levels at 1, 4, and
8 h were determined. In addition, we also determined the number of viable cells after 24,
36, and 48 h following the respective stimuli in the five groups.

4.10.2. Resistance to Damage in HDFs Stimulated by Photoaging

HDFs were subjected to the five treatments for 2 h. Subsequently, the treated HDFs
were irradiated with UV for 5 or 25 min and further cultured for 2 h. Thereafter, total HDF
RNA was extracted, and collagen, elastin, and hyaluronic acid synthase mRNA levels were
determined using RT-qPCR.

4.10.3. AGE Receptor mRNA Expression in HDFs Subjected to Glycation Stress

HDFs were subjected to glycation stress by AGE treatment (100 mg/mL) for 2 h.
After subjection to the five treatments for 4 h before or after stress, total RNA in HDFs
was extracted, and collagen, elastin, and hyaluronic acid synthase mRNA levels were
determined using the RT-qPCR method.

4.10.4. Damage Resistance in HDFs Subjected to Oxidative Stress

HDFs were subjected to H2O2 oxidative stress for 2 h. After subjecting the HDFs to the
five treatments for 4 h before or after stress, total HDF RNA was extracted, and collagen,
elastin, and hyaluronic acid synthase mRNA levels were determined using the RT-qPCR
method. The efficiency of H2O2 treatment in inhibiting intracellular ROS accumulation
was also determined.
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4.11. Statistical Analysis

All experiments were performed in triplicate, and the data are presented as mean ± SD.
Student’s t-test was performed, and statistical significance was considered at p < 0.05.
According to RT-qPCR, differences were considered significant when they differed from
delta–delta Ct by more than 2 (≥4-fold difference at mRNA levels).

5. Conclusions

In this study, we evaluated the early effects of Pla-Ext and stem-cell-derived exosomes
on UV irradiation, glycation, and oxidative stress, which are known as aging stresses in
skin cells. Pla-Ext has been shown to have the potential to increase resistance to early aging
stress by acting directly on fibroblasts. Furthermore, this resistance was also achieved by
exosomes secreted from cultured hMSCs pretreated with Pla-Ext (Pla/MSC-Exo). It is a
new discovery that an effect that cannot be obtained by exosomes constantly secreted from
hMSCs was obtained by stimulation with Pal-Ext. It was suggested that Pla-Ext penetrates
the epidermis and acts directly on fibroblasts. In addition, it was proposed that some
kind of stimulation of dermal stem cells may have some effect on the secreted exosomes,
enabling resistance to early aging stress. This led to the analysis of a new mechanism,
where Pla-Ext directly reaches and acts on dermal stem cells.
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