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Abstract

All eukaryotes have lysosomes which contain hydrolytic enzymes such as protease to degrade waste materials and cellular
fragments. As a cellular organelle, lysosomes function as the digestive system of the cell, serving both to degrade material
taken up from outside the cell and to digest obsolete components of the cell itself. Conversely, melanin has photochemical
functions to protect tissue from the harmful effects of ultraviolet rays. However, too much of melanin leads to problems such
as hyperpigmentation, requiring materials to maintain and control the amount of melanin. In this study, we found evidence
of correlation between lysosome and melanin in a new eco-friendly material, MelanoDerm, a reconstituted 3D human skin
model containing normal melanocytes and keratinocytes. Melanin content assay and cell viability were measured, using 2%
kojic acid as positive control, while MelanoDerm was exposed to various concentrations of lysosome. Our results indicate

that lysosome may be a useful cosmetic agent for the treatment of hyperpigmentation.
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Introduction

Lysosomes are cellular organelles that contain acidic
enzymes to break down waste materials and cellular debris
in all eukaryotes [1, 2]. Lysosomes were reported to contain
about 50-60 enzymes and play an important role in a number
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of biological processes [3]. The degradation pathway of lys-
osomes generally takes place by endocytosis which provides
extracellular materials for digestion [4]. On the other hand,
melanin is a multifunctional biopolymer which is the end
product of multistep transformations of L-tyrosine. Melanin
pigments appear as colored stains in the skin, eyes, and hair
and consist of many units linked by carbon—carbon bonds
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[5]. Melanin is produced from melanosome in melanocytes
on the skin, which are found in the basal layer of the epi-
dermis. Also, melanosomes are reported to be specialized
organelles as they are lysosome-related organelles [6]. Fur-
thermore, amount of melanin was increased upon sun expo-
sure for protecting the skin against harmful ultraviolet rays
[5]. However, this situation causes skin problems such as
skin cancer or hyperpigmentation in human [7].

There have been previous research reports regarding
lysosome and melanin correlation [6, 8]. Lysosome and
melanosome are produced following rough endoplasmic
reticulum (RER) structures and vesicles and channels of the
trans-Golgi Network (TGN) [9-11]. Other research reports
demonstrate reduction of melanin by lysosomes [12, 13]
and the subsequent melanin reductions that may aid in the
treatment of hyperpigmentation or skin cancer. In previous
studies, we discussed about melanin reduction by lysosome
and analyzed activating lysosomal proteins by melanin treat-
ment [14-16]. It means that melanin content is influenced
by exposing lysosome and lysosomal activity increased after
cells were exposed to a melanin solution.

In this study, we examined the lysosome application in an
artificial human skin tissue, MelanoDerm. MelanoDerm was
treated with lysosome for 16 days to evaluate the efficiency
of melanin reduction by lysosomal function. Additionally,
we explored the oxidative stress by hydrogen peroxide
(H,0O,) before lysosome treatment to further enhance lyso-
somal function [17]. After lysosomes were exposed to H,0,,
lysosomal function increased to reduce melanin amounts.
Lysosome appears to be a useful treatment as a cosmetic
agent or therapy for hyperpigmentation.

Materials and Methods
Lysosome Isolation from Hen’s Egg White

Lysosomes were isolated from egg white using fraction
methods [1, 2]. The yolk was separated from the white com-
ponent of the eggs and discards. The white component of
eggs was released by stirrer until the viscosity of the egg
white decreased significantly. To separate unbroken cells and
nuclei and lysosomal fraction, egg white was centrifuged for
5 min at 500xg and for 30 min at 20,000xg. The pellet was
used to evaluate for skin whitening test for 16 days.

Skin Whitening Test

For skin whitening test, MelanoDerm (MatTek Corp., Asland,
MA) was used as a viable reconstituted three-dimensional
human skin equivalent containing normal melanocytes and
keratinocytes. The cells are derived from African-American
(MEL-B), Asian (MEL-A), or white (MEL-C) donors. MEL-B
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tissues were used in this study and were maintained in the
NMM-113 medium as recommended by the manufacturer [18,
19]. The MelanoDerm tissues were fed every other day with
5 ml of fresh NMM-113 and different quantities such as, 1, 5,
10 and 20%, of lysosome every day for 16 days. Additionally,
2% kojic acid was used as positive control.

Melanin Content Assay

Melanin content was measured following previously reported
protocols [20]. The skin tissue was taken out of the culture dish
after 16 days. The tissue was placed in an Eppendorf tube and
homogenized for 1 min in lysis buffer (20 mM Tris—CI pH 7.4,
1 mM EDTA pH 8.8, 150 mM, 1 mM EGTA pH 8.5, 1% v/v
Triton X-100). After homogenization, 20 pl protease K (5 mg/
ml) was added and incubated at 45 °C overnight. 20 ul pro-
tease K was placed into the sample the next day for 4 h at RT.
500 mM Na-carbonate 50 pl and 30% H,O, 10 pl were added
and incubated at 80 “C for 30 min. All tissues were signifi-
cantly degraded in this mixture and 100 pl of a 2 chloroform:1
MtOH mixture was added with centrifugation performed for
10,000xg, 10 min. Supernatant from this sample was used to
determine the melanin content by spectrophotometer based on
absorbance at 405 nm.

Cell Viability

Cell viability for MelanoDerm was measured following a pre-
viously published protocol [18, 19]. After washing twice by
DPBS, 300 pl MTT solution was added to the dishes. All tis-
sue samples were covered to protect from light and incubated
at 37 °C for 3 h. Tissue samples were moved to other new plate
after cleaning by sterilized gauze. Isopropanol and 0.04 M HCl
were added to the tissue, and samples were stirred at 120 rpm
without air in the anaerobic bag at RT for 2 h. All solutions
were moved to an Eppendorf tube and measured by ELASA
plate reader on 96-well plates based on absorbance at 570 nm.

Histological Analysis

Histological staining of formalin-fixed tissue sections with
hematoxylin and eosin (HE) or Masson’s trichrome and
immuno-histochemical staining for a-SMA was performed
[21]. This analysis was measured following previously pub-
lished protocols [17, 20, 22]. Tested MelanoDerm samples were
fixed with 10% formalin (Sigma-Aldrich) at 4 °C overnight.
Skin samples were observed under phase-contrast microscopy.
To visualize the melanin distribution throughout the tissue, all
paraffin-embedded tissue samples were processed as described
previously.
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Results
Decreased Melanin Amount on the MelanoDerm

We confirmed the melanin reduction effect of lysosomes
in the last study, so we conducted an applied study in this
study [21]. A single membrane surrounds the lysosome,
with lysosomal enzyme contained within the lysosome
organelle. While we have previously verified the enzyme
ability to decrease melanin, demonstration of in vivo lyso-
somal function required further examination. MelanoDerm
were cultured using manufacturer’s protocol and treated
with lysosome and lysosomal enzymes. Two methods
were used: (1) lysosomes treated once at the first day and

cultured for 16 days and (2) lysosomes treated every day
for 16 days. Table 1 shows the melanin amount detected
and the microscopic images of the artificial tissue after
treatment with lysosome and lysosomal enzymes at dif-
ferent concentrations.

Table 1 shows the optimal top-view observation of skin
tissue among the various conditions of melanin amount and
tissue toxicity (shaded gray). In case of lysosome treatment
by method 1 (treated once), melanin remained 89.7% during
exposure to 5% lysosome on the tissue (Table 1A-shaded
gray), whereas melanin amounts were critically decreased
until 54.72% during exposure to 5% lysosome by method
2 (treated every day) (Table 1B-shaded gray). It means
that method 2 is more effective in decreasing the melanin
amount. Additionally, tissue toxicity was also measured

Table 1 Specific data of melanin amount, tissue toxicity, and best observation shown after lysosome and lysosomal enzyme treatment of Mel-

anoDerm for 16 days

Best Top Observation (shaded gray)
Melanin amount (%) Tissue toxicity (%)
1% 82.7 1% 85.7
5% 89.7 5%
A
10% 103.8 10% 104.2
20% 102.2 20% 97.5
1% 78.37 1% 98.8
5% 54.72 5% 100.9 x«( e
8 10% 67.56 10% 105.6 e
20% 70.94 20% 105.1
126 pg/pl 86.6 126 pg/pl | 63.8
630 pg/ul 86.6 630 pg/pl 58.4
¢ 1260 pg/ul 103.9 1260 pg/ul 82.3
2520 pg/ul 103.1 2520 pg/ul 88.2
126 ug/pl | 104.05 | 126pg/ul | 106.2
630 pg/pl 102.7 630 pg/pl 85.2
P 1260 pg/ul 63.51 1260 pg/ul 90.9
2520 pg/ul 58.1 2520 pug/ul | 102.2

The image of the best observation is shaded gray in the table. (A) Lysosome treatment was performed once the first day. (B) Lysosome treatment
every day. (C) Lysosomal enzyme treatment once at first day. (D) Lysosomal enzyme treatment every day. Gray shaded means significant con-

centration of lysosome and lysosomal enzyme on this table
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after treatment with different concentrations of lysosomes
because lysosome treatment should not have toxicity on tis-
sue. No tissue toxicity was determined for the treatment all
concentrations of lysosomes.

Alternatively, different concentrations of lysosomal
enzyme were used to treat MelanoDerm (Table 1C, D).
When 630 pg/pl lysosomal enzymes were used to treat
once on the first day, melanin amount measured was
86.6%. To decrease melanin amount further, lysosomal
enzyme was needed at high concentration. Furthermore,
melanin amount was measured at 63.51% and 58.1% while
melanoderm was exposed to lysosomal enzyme 1260 pg/
pl and 2520 pg/pl on every day, respectively (Table 1D).
However, tissue toxicity increased dramatically compared
to method 1 lysosomal enzyme treatment. All concentra-
tions of lysosomal enzyme have toxicity of about 20% to
102%. In fact, lysosomal enzyme appears to be toxic to
MelanoDerm, except in the case of 2520 pg/pul lysosomal
enzyme treatment. The highest concentration of lysosomal

enzyme did not show toxicity to the skin tissue, even as
melanin amount decreased. In addition, microscopic
images of MelanoDerm after lysosome and lysosomal
enzyme treatment, are summarized in Table 1.

Alteration of Appearance by Lysosome Treatment
on MelanoDerm for 16 Days

The 5% lysosome concentration showed the optimal mela-
nin reduction on skin tissue (Table 1B). Altered appear-
ance of tissue images was observed after 5% lysosome
daily treatment for 16 days, with appearance changing
significantly at Day 9 (Fig. 1).

Additionally, we observed the appearance of Melan-
oDerm by histological analysis. After 16 days, melanin
amount decreased by 5% lysosome (Fig. 2). In Fig. 2, the
arrows indicate melanin component and we confirmed by
microscopic images that melanin amount was decreased.

Fig. 1 Top-view observation of MelanoDerm during lysosome treatment by 5% lysosome daily for 16 days. During exposure, skin tissues were
altered by lysosome within 9 days, demonstrating melanin reduction. (n=12) (¥*<0.05, **<0.005, ***<0.0005)

Fig.2 Histologically stained
MelanoDerm after treated

Control

Treated 5% lysosome

with 5% lysosome to deter-

mine melanin accumulation. 8 ; 0
After 16 days, skin tissue was \\\

collected and the structure of — e —> o
tissue with melanin component N ‘

was observed. Melanin amount
showed decrease after treatment
with lysosome (arrow)

Bottom

Top
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Increased Activity of Lysosomal Function
to Decrease Melanin Amount After Lysosome
Exposure to Hydrogen Peroxide (H,0,)

100 pM Hydrogen peroxide (H,0O,) is known to increase lys-
osomal activity [17]. Top-view observation by microscope
of the 1, 5, 10, and 20% lysosome treatment of MelanoDerm
for 16 days are shown in Table 2. In order to decrease mela-
nin amount, lysosome was prepared in different concentra-
tions and treated for 16 days. Table 2 shows the appearance
of skin tissue upon treatment with two different types of
lysosomes. When we compared microscopic images of skin

tissue treated with normal lysosomes and lysosomes exposed
to 100uM H,0,, the latter case appeared to be more effective
in decreasing melanin amount over 16 days.

Melanin amounts were measured by protocol and reported
in Fig. 3, with kojic acid as a positive control. Melanin levels
evaluated after treatment with 1 and 5% showed a decrease
of melanin. 1% lysosome not exposed to H,O, demonstrates
78.3% melanin level but 1% lysosome exposed to H,O,
decreased melanin level to 40.5%. The 5% lysosome con-
centration not exposed to H,O, demonstrated a 54.7% mela-
nin level, but 5% lysosome exposed to H,0, demonstrated a
further reduction of melanin to 39.1%. Results showed that

Table 2 The microscope images of MelanoDerm at Day 0 and Day 16, treated with normal lysosome and lysosome exposed to H,0,

Treated normal lysosome Treated lysosome after exposed H,0,
Day O Day 0 Day 16
&
- .
Control | 1255 * *
a3 _:‘.
4 it e
™ X3
A
T
Kojic acid
(e
é A\
“y 2}
0, A 3
1% 13
2 o
Uk .
S Lt
2
0, i.‘:
5% 3]
3
=
&N
St
g o]
10% bs R, sa P L A
RS P aa s
20%

As controls, untreated and kojic acid treated MelanoDerm is also shown. (*On the ‘treated lysosome after exposed H,O,” means that same

images with ‘treated normal lysosome”)
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Fig. 3 Melanin amount is
compared after treatment of
MelanoDerm with normal lyso-
some and lysosome activated
by hydrogen peroxide (H,O,).
Both methods of lysosome
application decrease melanin
amount over 16 days. The lyso-
some activated by H,0, is more
effective in decreasing melanin
amount. During exposure with
1% lysosome, melanin levels
decreased about 37.8%, and 5%
lysosome works to decrease
melanin amount by 15.6%

[

=

=}
)

.4
=}
)

Melanin amount (%)
& 2

[
(=]
)

BN ]ysosome
—— lysosome exposed with HyO»

T T T T

Control Kojic acid 1 5 10 20

when lysosome was exposed to H,O,, an increased activity
of lysosomal function is observed, which decreases melanin.

Discussion

This experiment is extension research of application by lyso-
some treatment for decreasing melanin amount in skin tis-
sue. Previously, we suggested that lysosome is a useful mate-
rial for decreasing melanin amount [14—16] using lysosomal
functions to degrade macromolecules by various enzymes
[1, 2,9, 23]. Lysosome was used to treat commercial arti-
ficial skin tissue called “MelanoDerm.” When treated for
16 days, lysosome was demonstrated to decrease melanin on
the skin tissue, the microscopic image of which are shown
in Table 1.This result shows that 5% lysosome influenced
after treated to the skin for daily with no toxicity. When
compared between treated once and treated daily, melanin
amount is so far different about 35%. High concentrations
of lysosome were shown to work slowly on the skin due to
agglomeration to form larger, less reactive clusters. These
agglomerations are suggested to have difficulty penetrating
the skin. Melanin showed decreasing activity with increasing
concentrations of lysosomal enzyme, 126, 630, 1260, and
2520 pg/pl. However, lysosomal enzymes showed harmful
effects at 20-30% on the skin tissue (Table 1C, D). It means
that lysosomal enzyme causes stress to the skin.
Furthermore, Fig. 1 shows artificial skin tissue changing
in brightness and melanin decreased over 16 days. During
exposure to 5% lysosome for 16 days, the skin tissue did not
have harmful effects and melanin amount decreased. Mela-
nin component is slowly decreased during 16 days and we
analyzed artificial skin tissue by histological analysis after
treatment of 5% lysosome for 16 days. As shown in Fig. 2,
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Lysosome concentration (%)

the appearance of skin tissue showed decreasing melanin
amount on the skin tissue.

In order to activate lysosomal function, lysosome has
been exposed to H,O, [17]. If lysosomal function increases
without harmful effects to humans, addition of H,0, may
be an easy way to control melanin amount in the skin. This
comparison of normal lysosome and exposed H,0O, condi-
tion showed a melanin reduction effect on 1 and 5% lyso-
some concentrations (Table 2). Normal lysosome reduced
melanin amounts from 54.7 to 39.1%, while addition of
H,0, reduces melanin amounts from 78.3 to 40.5% (Fig. 3).
In fact, lysosome exposed to H,O, worked rapidly even at
low concentration of lysosome. However, 10% and 20% lyso-
some did not show effective decrease of melanin amount.
High concentration of lysosome is too difficult to handle in
order to decrease melanin. Therefore, 5% lysosome is the
ideal concentration to reduce melanin amount and H,0, may
be used to significantly activate lysosomal function. Our
results suggest that lysosome may be a potential material
for cosmeceutical skin lighting and for therapeutic treatment
to cure harmful diseases such as hyperpigmentation.
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