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Abstract

Many researchers have described that mesenchymal stem cells conditioned
medium and immune cells conditioned medium have a clear whitening ef-
fect when they are used as cosmetic ingredients. In this study, we confirmed
the whitening efficacy of various concentrations of immune cells and stem
cell conditioned media. The author tried to study a conditioned medium
that has a strong whitening effect even with a composition of less than 20%
(the most used concentration in cosmetics). Because of the fact that the con-
ditioned medium contains various cytokines and growth factors secreted by
stem cells or immune cells, it is known to have effects such as wound heal-
ing, antioxidant, and whitening effect. Recently, stem cells have been used
not only in the development of cosmetic raw materials but also in skincare
procedures, and there are reports being released of cosmetics using immune
cells conditioned medium. The concentration-dependent whitening effect
equivalently increased as the concentration of the mono-cultured condi-
tioned medium was obtained through the stem cells or immune cells culture.
In the case of co-culture, whitening results are like the effect of positive con-
trol such as arbutin in the medium carrying only 10% of the co-cultured
conditioned medium. It is possible that enhanced whitening efficiency in
co-cultured conditioned medium leads to a major innovation in the global
cosmetic market.
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1. Introduction

The history of skin whitening is very long, and even today, many people crave
bright skin. Whitening of the skin shows its position in society or simply serves
as a standard of beauty. Despite some negative perceptions related to skin whi-
tening, even today, the craving for skin whitening is one of the cosmetic trends
that men, as well as women, want. Despite the harm to the skin caused by exces-
sive obsession and desire for whitening, and various regulations, interest in skin
whitening is not diminishing [1].

The color of the skin is mainly determined by the content of a pigment called
melanin in the skin, and this melanin is biosynthesized by melanocytes in the
basal layer of the skin, and through the cytoplasmic process, it moves from the
basal layer of the epidermis to the stratum corneum by the keratinization process
(2] [3].

In the recent cosmetics market, immune cells conditioned medium, or stem
cells conditioned medium is widely used as a cosmetic factor for whitening hu-
man skin due to the melanin synthesis mechanism caused by various factors
such as UV exposure [4].

Looking at the process of melanin formation, Tyrosinase is a major mediator
that converts tyrosine to DOPA or to DOPA-quinone. Therefore, by inhibiting
the activity of this enzyme and inhibiting the production of melanin, the skin
whitening effect can be confirmed. In particular, Arbutin, the most well-known
whitening agent, is an inhibitor that competes with L-Tyrosine [5] [6], and Kojic
acid inhibits the process of tyrosine to DOPA and DOPA to DOPA quinone by
acting on the tyrosinase active site.

Most of the researches on skin whitening use plant extracts and various mate-
rials are being tried for differentiation in recent years. Recently, along with the
interest in cell therapy products, many cosmetics are being developed for the ef-
ficacy of cell culture solutions such as stem cells conditioned media.

Mesenchymal stem cells (MSC) are well known for secreting various growth
factors such as PDGF, VEGF and EGF, etc. [7]. Multiple studies have demon-
strated that mesenchymal stem cells promote hair growth [8] and wound healing
[9]. In addition, it is known to have antioxidant [10], anti-wrinkle [11], and
whitening [12] [13] effects. Moreover, it has been shown that adipose-derived
mesenchymal stem cell conditioned medium protects dermal fibroblasts exposed
to oxidative stress, chemical treatment and UV-B [14]. Stem cells are used not
only in the development of raw materials for cosmetics but also in the fields of
skin beauty treatment and plastic surgery. Recently, cosmetics ingredients through
immune cells conditioned medium have been developed as well as commercia-
lized [15].

Natural killer cells (NK cells) are a type of immune cell and are known to be
particularly responsible for innate immunity [16]. NK cells are responsible for
not only anti-cancer immunity but also defense mechanisms against infections
such as viruses and bacteria by receptor-ligand interaction without stimulation

of specific antigens [17]. NK cells play a role in killing abnormal cells not only
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through their own receptor-ligand interactions but also by secretomes such as
cytokines and chemokines secreted by the cells [18].

There are studies confirming that various cytokines and growth factors are se-
creted by mutual influence between immune cells and stem cells through co-culture
of both cells. Studies have shown that the pattern of secretomes such as IFN-r
and TNF-a secreted by NK cells changes when stem cells and immune cells are
co-cultured.

However, the development of cosmetics through co-culture of stem cells and
immune cells has not yet been developed because of the complexity of the cul-
ture process and the difficulty in standardizing the culture [19].

In this study, it was confirmed whether the whitening effect was higher in the
co-cultured conditioned medium as well as the stem cells conditioned medium
and immune cells conditioned medium. It was confirmed that the secretion of
various cytokines and growth factors increased through the synergistic effect of
co-culture of stem cells and immune cells. The increased efficacy of whitening
was confirmed by measuring cytokines & growth factors array, melanin con-
tents, and tyrosinase inhibition in the co-cultured conditioned medium rather
than the stem cells conditioned medium and immune cells conditioned medium.
Through this, it was attempted to confirm the possibility of a cosmetic composi-
tion of a co-cultured conditioned medium of stem cells and immune cells having

an increased whitening effect.

2. Materials and Methods

2.1. Stem Cells Conditioned Medium Collection

Stem cells have been purchased at Cefobio (CEFO-ADMSC) and cultured in
media containing high-glucose DMEM (Hyclone, SH30243.01), 10% FBS (Hyc-
lone, SH30109.03) and 1% AA (Gibco, 15240062) until 80% confluence. After
removing the media, the cells were washed twice with DPBS and the media was
replaced with low-glucose DMEM (Sigma, D2902) supplemented with 1% Se-
rum Replacement 3 (sigma, S2640-100ML) and cultured for 3 days. Thereafter,
the conditioned medium was collected and centrifuged at 1800 rpm for 5 mi-
nutes, followed by 0.22 um filtration.

2.2. Immune Cells Conditioned Medium Collection

PBMCs were isolated from blood and washed with normal saline, thereafter the
cell suspension was centrifuged at 400 g for 10 minutes, obtained cells were cul-
tured at 37°C and 5% CO, for 2 days in KBM502 media containing NK sol
(IMMUNISBIO. Co. Itd.) with 2.0 x 107 cells/flask. After this, subculture was
performed at intervals of 2 - 3 days. After 14 days of culturing, NK cells were
centrifuged at 400 g, and the supernatant was collected to obtain immune cells

conditioned medium.

2.3. Co-Cultured Conditioned Medium Collection

Stem cells were grown in high-glucose DMEM with 10% FBS and 1% AA. When
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the confluency reached about 60%, cells were washed and the ratio of stem cells
and immune cells was calculated to be 3:1 and cultured at 0.05% albumin (Sig-
ma, A4256) in RPMI (Welgene, LM001-01) for 3 days.

The co-cultured conditioned medium was collected, centrifuged for 5 minutes

at 1800 rpm and 0.22 pm filtration was performed.

2.4. Cytokine Array

Stem cells, NK cells, and co-cultured cells were tested according to the manual
using RayBio® C-Series Human Cytokine Antibody Array C5 kit. Briefly, each
cytokine array membrane was blocked with blocking buffer at room temperature
for 30 minutes and reacted overnight at 4°C with each conditioned medium and
control (only medium). Washed with wash buffer and reacted with biotinylated
antibody cocktail. After washing, the reaction was performed overnight at 4°C
using HRP-streptavidin solution. After the reaction was completed, the mem-
brane was washed and the detection mixture buffer was reacted at room temper-
ature for detection using Davinchi-chemidoc.

2.5. Growth Factor Array

Stem cells, NK cells, and co-cultured cells were tested using the Human Growth
Factor Antibody Array C1 kit according to the manual. Briefly, the membrane
was blocked at room temperature using a blocking buffer. After washing, each
conditioned medium and control (only medium) were reacted overnight at 4°C.
After washing, each membrane was treated with biotinylated antibody cocktail
and reacted overnight at 4°C. After washing, each membrane was reacted with
HRP-streptavidin, and detection was performed with Davinchi-chemidoc using
a detection buffer.

2.6. B16F10 Cells Culture

B16F10, a mouse melanoma cell line has been purchased at ATCC (PCS-200-013)
and was used as the cells for whitening test, it was prepared to be 5 x 10%/well in
a 6 well plate, and Passage 10 was used during seeding. As a conditioned medium,
DMEM (Hyclone, SH30243.01) containing 10% FBS (Hyclone, SH30109.03) and
1% AA (Gibco, 15240062) was used in 2 mL each well and incubated at 5% CO,,
37°C for 48 hours in Incubator.

The media was replaced with 2 mL of DMEM (Hyclone, SH30243.01) contain-
ing 0.5% FBS (Hyclone, SH30109.03) and 1% AA (Gibco, 15240062) and incu-
bated at 37°C, 5% CO, for 24 hours. Thereafter, the co-cultured conditioned me-
dium was treated with 0%, 3%, 5%, 10%, 20%, 50%, and 1 mg/mL of Arbutin
(Sigma, A4256) was used as a positive control. Total 3 mL to each well was con-
tained and incubated in Incubator at 37°C under 5% CO, for 48 hours.

2.7.Melanin Contents Assay & Tyrosinase Inhibition Activity
Assay

B16F10 cells treated with mono-cultured or co-cultured conditioned medium
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were washed twice with 4°C cold DPBS (Hyclone, LB001-02), and treated with
100 pL of 0.1 M Sodium phosphate (Sigma, 71500-250G) buffer (pH 6.8), 1%
triton x-100 (BIO-RAD, 1610407) per well and spread evenly in a well plate. The
cells were scraped with a cell scraper (SPL, 90020), collected in an ep-tube (Axy-
gen, MCT-150-C), vortexed for 15 seconds, and stored on ice for 7 minutes.
Thereafter, centrifugation was performed for 25 minutes at a speed of 13,000
rpm using a centrifuge set at 4°C, in advance. Among the separated pallet and
supernatant, supernatant was reacted with tyrosinase solution for measuring ty-
rosinase inhibition, and pallet was used for intercellular melanin contents analy-
sis. After dispensing 130 puL of 1IN NaOH (Duksan, 1636) containing 10% dime-
thyl sulfoxide (Sigma, D2660-100ML) to the harvested pellet, vortexed for 15
seconds, and used a heat block set at 95°C, in advance for 20 minutes, to dissolve
melanin. Samples were diluted 2 times and placed into 96 well plates at 100 pL in
duplicates. The content of melanin was analyzed by measuring the absorbance at
a wavelength of 405 nm using a Microplate reader.

After measuring the protein content through BCA assay using the harvested
supernatant, it was dispensed into a 96 well plate (SPL, 30096) so that the same
amount of protein (30 ug/mL) was in all samples. The rest was filled with DPBS
(Hyclone, LB001-02) so that all samples had the same amount. A mixture of 3
mg/mL of L-DOPA (3,4-dihydroxy-L-phenylalanine) (Sigma, D9628) in 0.1 M
sodium phosphate (Sigma, 71500-250G) of pH 6.8 was dispensed into a 96 well
plate (SPL, SPL, 30096) at 180 uL each, and heated at 37°C for 3 hours. After in-
cubation, color change was observed with the naked eye, and the absorbance was
measured at 405 nm with a Microplate reader. The experiment was indepen-

dently repeated 3 times.

2.8. Statistical Analysis

Significant differences were obtained using the t-test for equidispersive data and
using the Welch t-test and SPSS for unequal variance. A p value less than 0.05
was considered statistically significant.

3. Results
3.1. Cytokine & Growth Factor Array

Cytokine array was used to find different expression pattern of Cytokines de-
pending on various conditioned medium. Serpin E, one of the Cytokine, was ex-
pressed in the conditioned medium obtained through mono-culture of MSC.
Otherwise, MIP and IL-2 were expressed in the conditioned medium obtained
by mono-culture of immune cells (Figure 1).

It was confirmed that each cytokine was more strongly expressed in the con-
ditioned medium obtained by co-culturing stem cells and immune cells from
Cytokine array. In addition, Expression of CCL1, CCL2, MIP-1a, CCL5, CXCL1,
CXCL10, IL-8, and IL-6 was detected in the conditioned medium obtained
through MSC and immune cells.
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Figure 1. Cytokine array. In the case of the cytokine array, the protocol provided by the
company was used. Briefly, each culture was reacted with a membrane, reacted with an
antibody, and detected with chemidoc using HRP-streptavidin solution. More types of
cytokines were detected in the conditioned medium obtained through co-culture.

To distinguish the different expression patterns of cytokines, growth factor
array was performed with three different conditioned medium.

As aresult of Growth Factor Assay, most of the growth factors were expressed
both in the conditioned medium obtained through mono-culture of MSC or
immune cells (Figure 2).

However, some of the growth factors expressed in the immune cells condi-
tioned medium tended to be more expressed in the stem cell conditioned me-
dium, and the expression rate of HGF in the conditioned medium obtained by
co-culture of the stem cells and immune cells was approximately 124% higher
than the average of the values in the mono-culture. Moreover, it was confirmed
that the expression of IGFPB-4 and IGFPB-6 was more than twice as high as
221% and 210% in the conditioned medium obtained by co-culture of the stem
cells and immune cells.

In addition, it was confirmed that the expression rate of M-SCF and MCSF in
the conditioned medium obtained by co-culture was respectively 144% and 134%

higher than the average of each expression rate value in the mono-culture.

3.2. Melanin Contents Assay & Tyrosinase Inhibition Activity

According to the melanin contents assay results, it was found that the melanin
synthesis inhibitory effect was maximized as the concentration of the condi-
tioned medium increased in the case of the conditioned medium obtained by
mono-culture of stem cells. The amount of melanin synthesis significantly de-
creased to 91% * 2% in the 3%, 84% * 1% in the 5%, and 75% * 2% in the 10%
treated condition. In addition, since it was confirmed to be 67% * 1% under the
condition of 20%, a continuous decrease was confirmed according to the treat-
ment concentration (Figure 3).

In the case of the conditioned medium obtained by mono-culture of immune
cells, it was also verified that the melanin synthesis inhibitory effect tended to
decline in 10% treated group. The amount of melanin synthesis decreased to
92% + 1% in the 10% condition, 86% + 7% in the 20%, and 56% * 6% in the 50%

treated condition (Figure 4).
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It was confirmed that the melanin synthesis amount significantly decreased
depending on the contents of immune cells conditioned medium.

As for the conditioned medium obtained by co-culture of stem cells and im-
mune cells, it was determined that the melanin synthesis inhibitory effect was

greater depending on the conditioned medium concentration. The amount of

| Immune Cell CM | Co-cultured CM

L HGF  IGFBP-4 . HGF  IGFBP-4
&8  LGF IGFBP-4 . 4 e
e le » ..
= = ..
M-CSF P M-CSF M-CSF
Copi IGFBP-6 IGFBP-6
. . ' .
Growth Factors MSC CM  Immune Cell CM Co-cultured CM MSC/Immune Cell ave. Ratio
HGF 1077.3 818.8 1173.7 948.1 124%
IGFPB-4 3138.8 1786.0 5444.8 24624 221%
IGFPB-6 4248.0 2117.2 6682.8 3182.6 210%
M-SCF 1476.1 22947 2707.9 1885.4 144%
MCSF R 1397.4 2368.8 2531.3 1883.1 134%

Figure 2. Growth factor assay. In the case of the growth factor array, the protocol provided by the company was used. Briefly, each
culture was reacted with a membrane, reacted with an antibody, and detected with chemidoc using HRP-streptavidin solution.
Growth factors such as IGFPB were significantly increased in the conditioned medium obtained through co-culture of stem cells
and immune cells than mono-culture.
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Figure 3. Melanin contents assay. BI6F10 cells were cultured to an appropriate number,
the culture medium was treated at the indicated concentration, and melanocytes were
lysed with 1N NaOH at the endpoint to measure melanin contents at absorbance at 405
nm. In the mono-cultured stem cells conditioned medium the melanin synthesis inhibi-
tory effect was confirmed when it contained 3% of conditioned medium or more.
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Figure 4. Melanin Contents assay. B16F10 cells were cultured to an appropriate number,
the culture medium was treated at the indicated concentration, and melanocytes were
lysed with 1N NaOH at the endpoint to measure melanin contents at absorbance at 405
nm. In the mono-cultured immune cells conditioned medium, the melanin synthesis in-
hibitory effect was confirmed when it contained 20% of conditioned medium or more.

melanin syn-thesis significantly decreased to 59% + 2% even under the condi-
tion when the co-cultured conditioned medium contained only 3%, and to 52%
under the condition containing only 5%. The amount of melanin synthesis de-
creased by 49% + 3% in the 10% co-cultured conditioned medium. In addition,
it was verified that melanin synthesis was sharply down to 41% * 1% in the 20%
co-cultured conditioned medium. It was verified that the amount of melanin
synthesis decreased by 37% * 3% and 29% * 1% in the conditions of 50%
co-cultured conditioned medium (Figure 5).

These decreased results of melanin synthesis were similar or superior to the
reduction of 33% * 4% in arbutin which is one of the whitening agents.

To evaluate the whitening effects of three different conditioned medium, tyro-
sinase activity assay was performed. It was found that the tyrosinase activity re-
duced by 6 + 4% even only in 3% of stem cells conditioned medium.

Notably, at 5% the inhibitory activity of 48% + 2%, equivalent to half, was
confirmed, and a non-significant difference was seen with the 52% * 5% inhibi-
tory activity value of the arbutin-treated group.

In addition, when it treated about 50% of conditioned medium, tyrosinase in-
hibitory activity was about 60% = 1%, confirming an effect superior to 44% * 5%
of the arbutin treated group (Figure 6).

In the case of immune cells conditioned medium, there was a slight change in
tyrosinase activity at most concentrations. Through this result, it is thought that
immune cells affect melanin synthesis through different pathways (Figure 7).

When the effect was determined with the co-culture, in the case of condi-
tioned medium containing 5%, the inhibitory activity was 17% = 9%, at 20%, a
value of 44% + 5% equivalent to half was confirmed and there was no significant

difference with the result of 48% =+ 5% of the arbutin treated group.
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When the conditioned medium contained 50%, it exhibited an inhibitory ac-
tivity of about 78% + 1%, it showed an effect of 44.5%, which was twice lower
than that of the arbutin-treated group (Figure 8).

Through this, it was confirmed that the whitening effect had a greater effect
when co-cultured than cultured with stem cells or immune cells alone.
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Figure 5. Melanin Contents assay. BI6F10 cells were cultured to an appropriate number,
the culture medium was treated at the indicated concentration, and melanocytes were
lysed with 1N NaOH at the endpoint to measure melanin contents at absorbance at 405
nm. In the co-culture conditioned medium, the melanin synthesis inhibitory effect in-
creased more rapidly than in the mono-cultured conditioned medium treatment, showing
a very large melanin contents reduction effect in the 3% treatment group.
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Figure 6. Tyrosinase inhibition activity assay. B16F10 cells were cultured to an appropri-
ate number, the culture medium was treated at the indicated concentration, and melano-
cytes were lysed with 1IN NaOH at the endpoint. The same amount of protein was frac-
tionated from the cell lysate, incubated with L-DOPA, and the changed color was meas-
ured at absorbance at 405 nm. The tyrosinase inhibitory activity rate of the stem cells
conditioned medium was significantly decreased at 3%, and its effect was similar to the
positive control at 5%.
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Figure 7. Tyrosinase inhibition activity assay. B16F10 cells were cultured to an appropri-
ate number, the culture medium was treated at the indicated concentration, and melano-
cytes were lysed with 1N NaOH at the endpoint. The same amount of protein was frac-
tionated from the cell lysate, incubated with L-DOPA, and the changed color was meas-
ured at absorbance at 405 nm. The tyrosinase inhibitory activity rate of the Immune cells
conditioned medium was barely changed at every concentration.
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Figure 8. Tyrosinase inhibition activity assay. B16F10 cells were cultured to an appropri-
ate number, the culture medium was treated at the indicated concentration, and melano-
cytes were lysed with 1IN NaOH at the endpoint. The same amount of protein was frac-
tionated from the cell lysate, incubated with L-DOPA, and the changed color was meas-
ured at absorbance at 405 nm. The tyrosinase activity of the conditioned medium ob-
tained through co-culture of stem cells and immune cells showed similar results to that of
the positive control at 10%, and the inhibitory effect was about twice that of the positive
control at 50%.

4. Discussion

Because of excellent whitening effects, a conditioned medium using stem cells or
immune cells is widely used as a raw material for cosmetics. It is known that
both stem cells and immune cells conditioned medium have an excellent effect
on whitening [20]. There is a disadvantage that a large concentration of condi-

tioned medium must be used to achieve a whitening effect although each condi-
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tioned medium is extensively used as a cosmetics material.

In this study, in order to solve such a limitation, both cells were co-cultured to
add a synergistic effect to obtain a result that could produce an excellent whi-
tening effect even when a small amount was added in cosmetics.

As a result of cytokine array of conditioned medium obtained through mono-
culture of stem cells or immune cells, it was confirmed that CCL1, CCL2, CCLS5,
CXCLS8, etc. were additionally expressed in the conditioned medium obtained
through co-culture, while those did not appear in mono-culture. These CCLI,
CCL2, and CCLS5 play the most important role in antimicrobial ingredients. IL-8
is one of the cytokines that participate in skin cells immunity. In addition, since
they play various roles in anti-oxidative stress and angiogenesis, additional ef-
fects other than whitening can be expected [17].

According to the result of the growth factor array, it was verified that the ex-
pression patterns of cytokines are totally different. Expression of some factors
including HGF and IGFPB-6 in the conditioned medium obtained through
co-culture was found to increase significantly. HGF contributes to endothelial
cells division, cells migration, and survival. It has an excellent whitening effect
against UV-induced aging. Due to the multiple functions of HGF, it induces the
migration and proliferation of melanin cells and finally separates them from the
stratum corneum together with keratinocytes [18] [21] [22]. IGFPB-6 inhibits
melanin formation through inhibiting oxidative action and aging of keratino-
cytes rather than acting directly on melanocytes [23].

Melanin synthesis is reduced in a concentration-dependent manner by vari-
ous cytokines and growth factors contained in stem cells and immune cells con-
ditioned medium. In a 3% conditioned medium of stem cells, melanin synthesis
was reduced by 9% + 2%. A significant decrease of melanin synthesis was ob-
served depending on the concentration of the conditioned medium to 84% + 1%
in 5%, 75% + 2% in 10%, and 67% * 1% in 20% condition. When melanin con-
tents were checked using immune cells conditioned medium, a decreasing ten-
dency of the melanin synthesis rate was confirmed at 10%, and a significant de-
crease at 20%.

In the case of the conditioned medium obtained through the mono-cultured
of each cell, it was confirmed that the melanin synthesis inhibition rate was re-
duced by 50% or more when it contained 50% or more. Markedly, when the
co-cultured conditioned medium was treated 50%, melanin contents showed
37% =+ 3%, which is similar to 33% + 4% of arbutin, a whitening agent.

In the case of inhibition of tyrosinase activity, stem cells conditioned medium
seemed to be more effective at the beginning, but it was corroborated that the
effect of the co-cultured conditioned medium was higher from the time when
the concentration of the co-cultured conditioned medium was 20%.

The tyrosinase inhibitory activity rate of the immune cells conditioned me-
dium did not show a significant result compared to the stem cells conditioned
medium or the co-cultured conditioned medium. However, all conditioned me-
dia did not affect the viability of B16F10 (data not shown), so this clearly shows
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that co-cultured conditioned media has a synergistic effect.

To sum up, the experiment results indicate that whitening effects increase de-
pendently as the concentration of the mono-cultured conditioned medium of
stem cells or immune cells increases. Containing 10% of the co-cultured condi-
tioned medium was found to be like the effect of positive control arbutin. If the
conditioned medium contained 50% of the co-cultured conditioned medium,
the whitening effect was much better than the positive control arbutin.

The development of cosmetics using cell culture has been in the spotlight re-
cently, and regulations on human-derived cultures are being made in each coun-
try. In Korea, the Cosmetics raw regulates human-derived substances and man-
ages them through various standards such as donor eligibility testing, cell or tis-
sue collection and testing, and management of cultural facilities and environ-
ment. The culture medium produced in compliance with these regulations can
be registered as a cosmetic ingredient by registering in INCI, etc. Currently, the
use of cosmetics for human materials is not too difficult to develop as long as the
regulations are well followed, and the co-cultured medium obtained through this
study is also the same.

The co-culture system suggests that even a small amount of co-culture condi-
tioned medium can have a great effect in the cosmetic market for whitening us-
ing conditioned medium. And by using the synergistic effect of stem cells and
immune cells to secrete substances with more efficacy, it is thought that various
applications, as well as cosmetic raw materials, are possible. In the case of
co-cultured CM conducted in this paper, only the whitening effect was shown,
but additional research is needed on how to have the whitening effect. In addi-
tion to whitening, it is judged that it is necessary to study the effects of wrinkle

improvement and skin barrier improvement.
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