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Abstract: Studies have shown that stem cells and their derivatives, including conditioned media (CM),
have inhibitory effects on skin pigmentation. However, evidence supporting the skin brightening
effect of exosomes derived from stem cells is lacking. We studied the antipigmentation effect in vitro
and skin brightening efficacy in vivo of exosomes derived from human adipose tissue-derived
mesenchymal stem/stromal cells (ASC-exosomes). Exosomes were isolated from the CM of ASCs
using the tangential flow filtration method. ASC-exosomes reduced intracellular melanin levels in
B16F10 melanoma cells regardless of the presence of the α-melanocyte-stimulating hormone (α-MSH).
The skin brightening efficacy of a cosmetic formulation containing ASC-exosomes was assessed in
human volunteers with hyperpigmentation in a prospective, split-face, double-blind, randomized
placebo-controlled study. The ASC-exosome-containing formulation statistically decreased the
melanin contents compared to the placebo control. However, the melanin-reduction activity was
limited and diminished along with time. A further improvement in efficient transdermal delivery of
ASC-exosomes will be helpful for more profound efficacy. In summary, these results suggest that
ASC-exosomes can be used as a cosmeceutical for skin brightening.

Keywords: adipose tissue-derived stem/stromal cells (ASCs); ASC-exosomes; hyperpigmentation;
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1. Introduction

Hyperpigmentation or hypermelanosis is a skin disorder caused by excessive accumulation of
melanin in skin, leaving the skin aesthetically undesirable [1]. It is characterized by the presence of
darker patches mostly in the cheeks, upper lip, chin, and forehead. Many skin brightening agents,
such as kojic acid, hydroquinone, retinoids, and vitamin C, have been widely used as topical treatments
but with limited efficacy and side effects [2]. Although hyperpigmentation is not a life-threatening
dermatologic condition, it has psychosocial effects, which may reduce the quality of life for both
women and men [1,3]. Treating hyperpigmentation remains challenging, leaving an unmet demand
for a safe and efficacious alternative for skin brightening [2].

Previous studies have reported that stem-cell conditioned media (CM), mostly from mesenchymal
stem/stromal cell (MSC) cultures, have beneficial effects on skin such as antiaging, antiwrinkle,
and antipigmentation [4–7]. The secretome in MSC conditioned media (MSC-CM) contains soluble
proteins and extracellular vesicles (EVs) including exosomes [3]. Exosomes are produced from cells
through the endosomal pathway as a result of fusion of the plasma membrane and multivesicular bodies
that contain intraluminal vesicles (ILVs) [8,9]. Exosomes are released ILVs in the extracellular space.
They are enveloped in a lipid bilayer of 30–200 nm in diameter and contain proteins, genetic material
such as messenger RNAs (mRNAs) and microRNAs (miRNAs), and metabolites [10]. Exosomes
derived from MSCs (MSC-exosomes) primarily mediate the paracrine effects of MSC therapy and are
a promising next-generation cell-free therapeutic option [8,9]. MSC-exosomes have the potential to
regenerate or rejuvenate the skin [3]. Specifically, exosomes derived from adipose tissue-derived MSCs
(ASC-exosomes) have been reported to reduce the severity of atopic dermatitis through skin barrier
restoration and anti-inflammatory effects [11,12]. ASC-exosomes have also been shown to induce the
synthesis of type I collagen and elastin in human dermal fibroblasts in vitro [13,14]. Although exosomes
derived from keratinocytes have been reported to regulate the homeostasis of melanogenesis [15,16],
evidence supporting the skin brightening effects of ASC- or other MSC-exosomes is lacking. In this
report, we reveal the antipigmentation effects of ASC-exosomes in vitro and the skin brightening
effects of an ASC-exosome-containing formulation in vivo in a prospective, split-face, double-blind,
randomized placebo-controlled study.

2. Materials and Methods

2.1. Isolation and Characterization of ASC-Exosomes

Isolation and characterization of ASC-exosomes were performed with minor modifications to
previously described methods [13]. In brief, after establishing a cryopreserved bank of ASCs from the
adipose tissue of a healthy donor according to the guidelines of Korea Ministry of Food and Drug
Safety (MFDS), ASCs were cultured and the CM were collected from ASCs cultured with serum-free
and Xeno-free CEFOgroTM XF-MSC media (CEFO Co., Ltd., Seoul, Korea). The CM were centrifuged
at 1500 rpm for 5 min and filtered through a 0.22 µm membrane filter (Merck Millipore, Billerica, MA,
USA). Then, the CM were concentrated and diafiltrated by tangential flow filtration (TFF) using
a 100 kDa molecular weight cutoff membrane cartridge (GE Healthcare, Chicago, IL, USA) with
phosphate-buffered saline (PBS). The final solution of ASC-exosomes was stored at −80 ◦C in small
aliquots for further use.

The ASC-exosomes were analyzed using a NanoSight NS300 Nanoparticle Tracking Analysis
(NTA) Instrument (Malvern Panalytical, Amesbury, UK) equipped with a 642 nm laser as described
previously [11–13,17]. Exosome surface markers, including cluster of differentiation 9 (CD9), CD63,
and CD81, were also identified using bead-based flow cytometry as previously described [11,17].
The absence of calnexin in ASC-exosomes was confirmed using ELISA (LSBio, Seattle, WA, USA) [17].
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2.2. Cell-Based Assay

The mouse melanoma cell line B16F10 was purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA) and maintained with Dulbecco′s modified Eagle′s medium (DMEM; Cat.
No. 11995040; purchased from ThermoFisher Scientific, Waltham, MA, USA) containing 10% fetal
bovine serum (FBS; ThermoFisher Scientific, Waltham, MA, USA) and 1× penicillin–streptomycin
(ThermoFisher Scientific, Waltham, MA, USA). The cell number and viability were monitored using
automated cell counting after trypan blue staining [18].

The cytotoxicity assay was performed by the OATC Skin Clinical Trial Center (Seoul, Korea).
To assess the cytotoxicity of ASC-exosomes, B16F10 cells were treated with increasing concentrations
of ASC-exosomes for 72 h, and the numbers of viable cells were determined using the Cell Viability
Assay Kit (EZ-Cytox, DoGenBio, Seoul, Korea) with the Synergy H1 Hybrid Multimode Microplate
Reader (BioTek, Winooski, VT, USA). The percentage of viable cells was calculated as follows: (OD450

of test)/(OD450 of control) × 100, where OD450 is the optical density at 450 nm.
For melanin content analysis, B16F10 cells were cultured for 24 h and then treated with ASC-CM

or ASC-exosomes in the absence or presence of 100 nM of α-melanocyte-stimulating hormone (α-MSH;
purchased from Sigma-Aldrich, St. Louis, MO, USA) and further cultured for 48 h, while 1 mM of
arbutin (Sigma-Aldrich, St. Louis, MO, USA) was used as a positive control. After removing the
culture media, the cells were washed with Dulbecco’s phosphate-buffered saline (DPBS; ThermoFisher
Scientific, Waltham, MA, USA) and supplemented with culture media containing Cell Counting Kit-8
(CCK-8) reagent (Dojindo Molecular Technologies, Rockville, MD, USA). The cells were incubated for
90 min at 37 ◦C, with 5% CO2, and the supernatants were transferred into a 96-well plate. The OD405

was determined using a SpectraMax i3x multimode detection system (Molecular Devices, San Jose, CA,
USA). The remaining cells were washed with DPBS and lysed using 1 N NaOH (Merck Millipore,
Burlington, MA, USA) containing 10% dimethyl sulfoxide for 30 min at 80 ◦C. The melanin levels
were measured at OD405 using a SpectraMax i3x multimode detection system (Molecular Devices,
San Jose, CA, USA), and the melanin concentration was determined using the standard curve of
melanin solutions with known concentrations. The effect of ASC-exosomes on the melanin levels in
B16F10 cells was also confirmed by the OATC Skin Clinical Trial Center (Seoul, Korea), an independent
external organization. The cell-based assays were performed in accordance with the Korean Functional
Cosmetics Codex by the Korea MFDS.

2.3. Preparation of the ASC-Exosome-Containing Formulation

The reagents were purchased from the following sources: glycerin from Proctor and Gamble
(Cincinnati, OH, USA); 1,3-hexandiol from Cosbon Cosmetics (Seoul, Korea); l-arginine from Daesang
(Seoul, Korea); xanthan gum from Jungbunzlauer (Basel, Switzerland); Carbopol 344 from Guangzhou
Tinci Materials Technology (Guangzhou, China); water for injection (WFI) from Dai Han Pharm (Seoul,
Korea). The placebo control solution was prepared with 5.0% glycerin, 0.2% xanthan gum, 0.2%
Carbopol 344, 2.0% 1,2-hexanediol, 0.005% fragrance, and 0.2% l-arginine in WFI. The test solution
further contained 2.0 × 1010 particles/mL of ASC-exosomes.

2.4. Clinical Evalution

The clinical study was conducted according to the Helsinki Declaration and the Good Clinical
Practice (GCP) guidelines of the Korea Dermatology Research Institute (KDRI; Seongnam-si,
Gyeonggi-do, Korea). The study was designed and performed as an 8 week prospective, split-face,
double-blind, randomized placebo-controlled study according to the Korea MFDS regulation on
the evaluation of functional cosmetics and related guidelines. Twenty-one female volunteers with
hyperpigmentation, aged 39–55 years, participated in this study. All volunteers were informed
about the details of the study and signed an informed consent form approved by the Institutional
Review Board of the KDRI (approval #: KDRI-IRB-19599). Exclusion criteria included pregnancy or
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lactation, photo-allergy or photosensitization, >1 month use of a steroid-containing cream, sensitive
or hypersensitive skin, participation in a similar study within the last 6 months, skin abnormalities
in the test area such as spots, acne, erythema, and capillary expansion, use of the same or similar
products within the last 3 months, and active use of food items or drugs for skin brightening.
Approximately 0.2 g of the placebo (without ASC-exosomes) or test (with ASC-exosomes) formulation
was applied twice a day for 8 weeks. Skin evaluation was performed before treatment and 2, 4,
and 8 weeks after treatment. Before evaluation, the volunteer’s face was washed with a facial
wash, and the residual water was removed using a paper towel. All volunteers had to rest for
30 min in a controlled environment at 20–24 ◦C and 40–60% relative humidity. Melanin levels were
measured using a Mexameter (Courage + Khazaka Electronic GmbH, Köln, Germany). The average
of five measurements was used to determine the improvement rate (%), calculated as follows:
((value before treatment) − (value after treatment))/(value before treatment) × 100.

2.5. Statistical Analysis

Minitab 19 software (Ver 19.2, Minitab Inc., State College, PA, USA) was used for statistical analyses
of clinical evaluation. The Ryan–Joiner normality test was used to ascertain the normality of values.
When the normality was accepted, statistical significance was determined using parametric statistics;
the paired t-test was used for intragroup comparisons, and the Welch t-test was used for intergroup
comparisons. When the normality was rejected, nonparametric statistics were used; the Wilcoxon
signed-rank test was used for intragroup comparisons, and the Mann–Whitney U test was used for
intergroup comparisons. Values were presented as the mean ± standard error of the mean (SEM).
Statistical significance was considered for * p < 0.05 and ** p < 0.01.

Prism 8.4.2 (GraphPad Software Inc., San Diego, CA, USA) was used to analyze data from
cell-based assays. The two-tailed paired t-test was used for comparisons. Values were presented as
mean ± SD. Statistical significance was considered for p-values of * p < 0.05 and ** p < 0.01.

3. Results

3.1. Isolation and Characterization of ASC-Exosomes

MSC-CM have been reported to have antipigmentation effects on melanocytes [6,7]. Given
that exosomes in the secretome of MSCs are a major paracrine mediator, we studied the effect of
exosomes from ASCs on the melanin contents in vitro. First, we isolated exosomes from the CM
of ASCs using ultrafiltration followed by diafiltration with tangential flow filtration (TFF) systems,
as described previously [13]. ASC-exosomes were characterized using NTA and flow cytometry.
ASC-exosomes range from 30 to 200 nm in size, with a mean and mode diameter of 138.0 ± 1.9 and
133.8 ± 6.9 nm, respectively [11–13,17], and they contain distinct surface marker proteins (Figure 1A,B).
The concentration of isolated ASC-exosomes was 1.47 × 1012 particles/mL. Calnexin was not detected
in ASC-exosomes (Figure 1C).
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Figure 1. Characteristics of human adipose tissue-derived mesenchymal stem/stromal cells (ASC-
exosomes). (A) A representative Nanoparticle Tracking Analysis (NTA) histogram of ASC-exosomes. 
(B) Bead-based flow cytometric analysis of ASC-exosomes with antibodies for indicated proteins. 
ASC-exosomes were captured by Dynabeads coated with antibodies for exosome surface markers 
including cluster of differentiation 9 (CD9), CD63, or CD81. Then, the phycoerythrin (PE)-conjugated 
antibodies were reacted with captured ASC-exosomes as indicated. The mouse immunoglobulin G1 
(IgG1)-PE was used as an isotype negative control. Gray peaks, PE fluorescence count from isotype 
control antibody; red peaks, PE fluorescence count from antibodies for indicated proteins (CD9, CD63, 
and CD81); X-axis, signal intensity of PE. (C) Concentration of calnexin measured by ELISA. n = 4 for 
ASC-exosomes and n = 1 for cell lysates performed in duplicate. 

3.2. Antipigmentation Effect of ASC-Exosomes In Vitro 

The effect of ASC-exosomes on the production of melanin was assessed in B16F10 mouse 
melanoma cells in vitro. First, the effect of ASC-exosomes on the viability of B16F10 cells was 
analyzed. B16F10 melanoma cells were treated with ASC-exosomes for 72 h, and the viability of the 
cells was assessed. As shown in Figure 2, no distinct reduction in cell viability by ASC-exosomes was 
observed up to a concentration of 3.0 × 1011 particles/mL. 

Figure 1. Characteristics of human adipose tissue-derived mesenchymal stem/stromal cells
(ASC-exosomes). (A) A representative Nanoparticle Tracking Analysis (NTA) histogram of
ASC-exosomes. (B) Bead-based flow cytometric analysis of ASC-exosomes with antibodies for
indicated proteins. ASC-exosomes were captured by Dynabeads coated with antibodies for exosome
surface markers including cluster of differentiation 9 (CD9), CD63, or CD81. Then, the phycoerythrin
(PE)-conjugated antibodies were reacted with captured ASC-exosomes as indicated. The mouse
immunoglobulin G1 (IgG1)-PE was used as an isotype negative control. Gray peaks, PE fluorescence
count from isotype control antibody; red peaks, PE fluorescence count from antibodies for indicated
proteins (CD9, CD63, and CD81); X-axis, signal intensity of PE. (C) Concentration of calnexin measured
by ELISA. n = 4 for ASC-exosomes and n = 1 for cell lysates performed in duplicate.

3.2. Antipigmentation Effect of ASC-Exosomes In Vitro

The effect of ASC-exosomes on the production of melanin was assessed in B16F10 mouse melanoma
cells in vitro. First, the effect of ASC-exosomes on the viability of B16F10 cells was analyzed. B16F10
melanoma cells were treated with ASC-exosomes for 72 h, and the viability of the cells was assessed.
As shown in Figure 2, no distinct reduction in cell viability by ASC-exosomes was observed up to a
concentration of 3.0 × 1011 particles/mL.

Second, the effects of ASC-CM and ASC-exosomes on the production of melanin in B16F10 cells
were studied in the absence of α-MSH. ASC-CM reduced the concentration of intracellular melanin in
a dose-dependent fashion (Figure 3A). ASC-exosomes also reduced the levels of intracellular melanin
in B16F10 cells, and this effect saturated at a concentration of 1.5 × 1011 particles/mL. These results
suggest that ASC-exosomes negatively regulate intracellular melanin in B16F10 cells in the absence
of α-MSH.

Third, the effects of both ASC-CM and ASC-exosomes on the melanin levels in B16F10 cells
were evaluated in the presence of 100 nM α-MSH. The antipigmentation effects of both ASC-CM and
ASC-exosomes were more pronounced in the presence of α-MSH (Figure 3B). Specifically, intracellular
melanin levels in B16F10 cells were reduced by ASC-CM up to approximately 50% in a dose-dependent
manner (Figure 3B). The ASC-exosomes showed a greater reduction in intracellular melanin levels
in B16F10 cells than ASC-CM, reducing the melanin levels to those measured in B16F10 cells in the
absence of α-MSH. Conclusively, ASC-exosomes negatively regulated intracellular melanin levels in
B16F10 cells successfully.
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data are presented as the mean ± SD from multiple experiments performed in triplicate. (A) * p < 0.05 
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## p < 0.01 vs. the α-MSH control group were considered statistically significant. Arb: arbutin. 
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Figure 3. The antipigmentation effect of ASC-exosomes in the absence and presence of
α-melanocyte-stimulating hormone (α-MSH). The melanin levels in B16F10 melanoma cells were
measured after treatment with ASC-exosomes in the (A) absence or (B) presence of α-MSH for 48 h.
Representative data are presented as the mean ± SD from multiple experiments performed in triplicate.
(A) * p < 0.05 and ** p < 0.01 vs. the negative control group were considered statistically significant.
(B) # p < 0.05 and ## p < 0.01 vs. the α-MSH control group were considered statistically significant.
Arb: arbutin.

3.3. Skin Brightening Efficacy of ASC-Exosomes

We conducted a clinical study with an ASC-exosome-containing formulation in a prospective,
split-face, double-blind, randomized placebo-controlled study to assess its skin brightening efficacy.
The placebo (without ASC-exosomes) or test (with ASC-exosomes) formulation was applied twice a
day for 8 weeks on the face of 21 female volunteers. Melanin levels were measured using a Mexameter
before and 2, 4, and 8 weeks after treatment (Table 1). The reduction in melanin levels began 2 weeks
after treatment, and a statistically significant reduction was observed 4 weeks after treatment compared
to the placebo-treated areas (Figure 4). However, the melanin-reduction activity was diminished along
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with time (at week 8). The reduction in melanin levels was more pronounced in women aged <50 years,
as observed 4 weeks after treatment (Figure 4B). No adverse effects were observed in any volunteer
during or after the study.

Table 1. Melanin index of each volunteer.

Age Volunteer #1
ASC-Exosomes Placebo Control

0 Weeks 2 Weeks 4 Weeks 8 Weeks 0 Weeks 2 Weeks 4 Weeks 8 Weeks

30s
1 207.7 198.5 200.0 186.5 170.8 165.7 169.2 147.0
2 195.5 195.4 195.4 170.6 193.5 193.5 191.0 175.1

40s

3 185.9 185.9 185.0 165.4 185.6 186.0 188.0 172.8
4 211.1 207.7 198.4 177.6 209.1 205.1 196.8 178.0
5 180.0 183.1 180.2 159.9 187.9 188.0 187.1 166.2
6 214.4 211.0 209.6 210.1 220.4 239.0 234.6 234.2
7 210.5 203.4 193.9 180.9 225.5 223.0 215.5 217.1
8 200.4 206.4 199.4 204.7 197.0 207.1 200.9 199.9
9 168.5 168.4 168.6 163.3 186.6 183.4 186.6 180.5

10 190.5 190.1 190.1 165.5 204.0 202.0 204.6 180.4
11 175.6 174.9 174.6 159.8 158.8 159.1 159.0 144.8
12 195.8 186.6 184.9 187.0 190.0 190.1 183.5 183.0
13 212.6 212.5 181.9 180.1 223.4 220.0 217.7 202.9

50s

14 155.0 148.0 146.1 140.6 155.4 155.2 143.0 140.6
15 184.7 184.5 184.4 160.0 202.9 196.4 196.0 187.8
16 229.9 229.7 221.0 216.0 213.4 213.3 210.4 200.8
17 121.9 126.1 123.4 108.1 130.8 130.4 130.4 124.8
18 232.0 211.9 219.4 194.5 204.6 199.8 203.0 176.2
19 170.7 170.4 149.6 147.0 187.1 187.2 180.6 166.0
20 170.0 161.8 164.6 163.3 180.8 176.7 171.8 171.1
21 130.7 135.3 122.3 115.0 123.4 120.6 120.0 115.4

Mean 187.78 185.31 180.61 169.33 188.14 187.70 185.22 174.50

SD 28.88 26.67 27.22 27.43 27.73 29.16 28.70 28.95

SEM 6.30 5.82 5.94 5.99 6.05 6.36 6.26 6.32

#1: identification number of each volunteer.Cosmetics 2020, 7, x FOR PEER REVIEW 8 of 13 
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measured using a Mexameter on the faces of 21 female volunteers before and 2, 4, and 8 weeks after
treatment with a placebo (without ASC-exosomes) or test (with ASC-exosome) formulation twice daily
for 8 weeks. (A) Reduction of melanin over time. (B) Reduction of melanin in different age groups.
n = 11 for 40s and n = 8 for 50s. * p < 0.05 and ** p < 0.01 vs. placebo-treated area was considered
statistically significant. (C) Representative images of two volunteers.

4. Discussion

Skin brightening cosmetic products help improve skin tone and lessen skin pigmentation. They are
increasingly being used to obtain an even skin tone, alleviate blemishes, and reduce age spots. The global
market value for skin brightening products is expected to reach USD 13.7 billion by 2025 and is growing
with a compound annual growth rate of 7.4% over the forecast period [19]. This positive trend is
because of the increasing awareness among consumers about the aesthetic needs of the modern society,
skin pigmentation, and aging.

Melanin deposition is induced by ultraviolet (UV) radiation; it protects the skin from UV rays.
However, hyperactivation of melanocytes causes pigmentation of keratinocytes in the skin [20].
Therefore, reducing melanin levels is necessary for skin brightening. Melanocytes are located in
the basal layer of the epidermis and contain melanosomes; they synthesize the pigment melanin
via melanogenesis [21]. Melanogenesis is a complex process involving three proteins that are
important mediators of melanogenesis: tyrosinase, tyrosinase-related protein-1 (TYRP-1), and TYRP-2.
Melanogenesis includes catalytic reactions and a series of enzyme reactions. Among those, tyrosinase
plays a critical role in melanogenesis by promoting the formation of 3,4-dihydroxy-l-phenylalanine
(l-DOPA) from l-tyrosine and, subsequently, in the production of l-dopaquinone from l-DOPA through
enzymatic reactions and autoxidation [22].

In the present study, we showed that ASC-exosomes reduced intracellular melanin levels in
B16F10 cells without significant cytotoxicity whether in the presence or the absence of α-MSH.
In addition, the ASC-exosome-containing topical formulation reduced hyperpigmentation in a
prospective, split-face, double-blind, randomized placebo-controlled study. No statistically significant
differences in the reduction of melanin levels between test-treated and placebo-controlled areas were
noted until 2 weeks of treatment. The differences were, however, noticeable after 4 weeks of treatment
and sustained until 8 weeks after treatment. Although instrumental measurement of the melanin
contents resulted in statistically significant differences between test-treated and placebo-controlled
areas, ASC-exosomes have worked in vitro but clinically relevant brightening effects were not evident
in volunteers, probably due to inefficient delivery of exosomes into the deep dermis [23]. Further
clinical studies should be followed with enhanced transdermal delivery of ASC-exosomes. Even though
exosomes, by topical treatment, have been reported to be absorbed by human skin and reached the
epidermis in an ex vivo experiment [24], additional improvement of transdermal delivery will be
helpful for more profound melanin-reduction activity by ASC-exosomes, which was observed in the
in vitro cell-based assay (Figure 3). Various transdermal delivery systems have been developed for
either cosmetic or medical purposes, which include chemical boosters, ultrasound, iontophoresis,
microneedles, thermal ablation, microdermabrasion, electroporation, and cavitation ultrasound [25].
Efficacious transdermal delivery of exosomes has been reported with the keratin hydrogel-based
microneedle patch [26], needle-free jet injector [27], or iontophoresis [28]. There were no skin
abnormalities (erythema, edema, scaling, itching, stinging, burning, tightness, and prickling) during
and after the study (data now shown).

Another factor, which may affect the efficacy of exosomes, is their engulfment by phagocytic
immune cells. Phagocytic cells such as tissue-resident macrophages and Kupffer cells are responsible
for clearance of foreign materials by phagocytosis [29]. “Don’t eat me” signals on the membrane
surface, mainly determining the escape from this clearance, include CD47 [30], β2-microglobulin
(B2M) [31], programmed death-ligand 1 (PD-L1, also known as CD274 or B7-H1) [32], and CD24 [33].
These “don’t eat me” signals are also reported on the surface of exosomes from bone marrow-derived
MSCs [34]. Importantly, our previous study revealed that ASC-exosomes contain CD47 and B2M [12].
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It would be important to analyze the contribution of these molecules to the efficacy of ASC-exosomes
in skin healthiness in future study.

The key purpose of the current study was to determine whether ASC-exosomes have an antimelanin
effect or not, but we cannot exclude the additional effects by other soluble factors in the secretome
of ASC-CM such as soluble cytokines, growth factor, or extracellular RNAs. Although these soluble
factors may contribute additional antimelanin effects by ASC-CM, their effects may be limited because
the naked soluble factors are more vulnerable to degradation by protease or RNase compared to
exosome-associated cargo. In addition, the delivery efficiency of these soluble factors into cells is
expected to be lower than that of exosomes, natural-born delivery vehicles.

ASC-exosomes contain various cargo including proteins, RNAs, and lipids. The complexity of
exosomal cargo is demonstrated as 9769 proteins, 3408 mRNAs, 2838 miRNAs, and 1116 lipid entries
from 286 studies registered in the ExoCarta database [35–38]. For examples, proteomics analysis
revealed a total of 1008 proteins and common 471 proteins in three batches of ASC-exosomes in the
previous study [12]. In addition, 358 lipid species were identified in ASC-exosomes [12]. These cargo
molecules contribute to the function of ASC-exosomes in various biological process.

Previously, our group found that ASC-exosomes increased synthesis of ceramides,
dihydroceramides, sphingosine, and sphingosine 1-phosphate (S1P) in mouse skin with
oxazolone-induced barrier defects [12]. In addition, increased activity of sphingosine kinase 1
(SPHK1) and reduced activity of S1P lyase were observed in the lesional skin of ASC-exosome-treated
mice [12]. Interestingly, ceramides and S1P have been reported to negatively regulate melanin synthesis
in melanocytes [39–41]. Microphthalmia-associated transcription factor (MITF), a key transcription
factor in melanogenesis, is degraded by S1P-induced activation of the extracellular signal-regulated
kinase (ERK) [41]. Further study is needed to understand whether and how ASC-exosomes induce
ceramide or S1P synthesis in relation to melanogenesis in melanocytes.

Another potential factor in ASC-exosomes constitutes microRNAs (miRNAs) such as hsa-miR-137,
hsa-miR-145, and hsa-miR-330. In a pilot study, we identified these miRNAs among 598 miRNAs
associated with ASC-exosomes using small RNA-sequencing (unpublished observation). Previous
studies showed that miR-137 targets MITF and reduces pigmentation in melanoma cells [42,43].
The overexpression of miR-145 inhibits melanosome transport by targeting myosin-5a [44]. Furthermore,
miRNA-330 targets tyrosinase and reduces melanin levels in melanoma cells [43].

A limitation of current study is the use of murine melanoma cell line B16F10 cultured in DMEM.
The excess of l-tyrosine in DMEM (120 mg/L as disodium hydrate) compared to others such as
Roswell Park Memorial Institute (RPMI) 1640 (28.8 mg/L as disodium hydrate) is able to induce
pigmentation in melanoma cells even in the absence of α-MSH stimulation [45,46]. Since the excess
of l-tyrosine induces tyrosinase activity [45] and ASC-exosomes reduced the intracellular melanin
contents of B16F10 cells in the absence of α-MSH (Figure 3A), ASC-exosomes may regulate, at least
partially, the downstream factors of tyrosinase including TYRP-1 and TYRP-2. The significance of
this finding should be further confirmed in normal human melanocytes or a human melanoma cell
line SK-MEL-2, which can be maintained Eagle’s Minimum Essential Medium (EMEM) containing
51.9 mg/L of l-tyrosine 2Na 2H2O (www.atcc.org).

Another limitation is that the disorder of each volunteer was not diagnosed exactly since the
purpose of this study was the evaluation of cosmetic formulation, not therapeutic formulation.
Clinically, hyperpigmentation disorders include solar lentigines, postinflammatory hyperpigmentation,
melasma, ephelides, and café au lait macules with different pathologies and involvement of
melanocytes [47,48]. Further studies are needed to decide the therapeutic potential of ASC-exosomes
in different hyperpigmentation disorders.

Since the long-term topical use of phenolic compounds such as hydroquinone causes chronic
adverse effects [2], there is an unmet need for safer and more effective new materials for skin brightening.
Although the molecular mechanisms underlying the antipigmentation effects of ASC-exosomes remain
unknown, this study shows that they effectively reduce intracellular melanin levels in vitro and that a
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cosmetic formulation containing ASC-exosomes is helpful in skin brightening. ASC-exosomes isolated
using the ExoSCRT™ technology have been registered as a cosmetic ingredient in the International
Cosmetic Ingredient Dictionary (ICID) [3]. Moreover, the good laboratory practice (GLP) toxicological
tests showed that ASC-exosomes are safe for use, with no skin sensitization, photosensitization,
eye and skin irritation, or acute oral toxicity [13]. Additionally, previous results suggested that
ASC-exosomes have little or no immunogenicity in allogeneic application because of no detectable
expression of human leukocyte antigens (HLA-ABC and HLA-DRDPDQ) on them [12,17]. A further
improvement of transdermal delivery of ASC-exosomes will be helpful for their more profound efficacy
as a cosmeceutical for skin brightening.
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