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Background: A large number of autologous melanocytes are required for surgical treatment of depig-
mentation diseases such as vitiligo. The purpose of this experiment is to explore the application of
melanocytes induced by mesenchymal stem cells to clinical treatment. Therefore, we have induced
mouse bone marrow mesenchymal stem cells (BMMSCs) into melanocytes (miMels) in the previous
experiment. This experiment continues the previous experiment to further study the biological functions
of miMels and their application in tissue engineering.
Methods: We examined whether miMels can produce active tyrosinase, melanin, and response to a-
MSH. The ability of miMels to produce melanin to keratinocytes was tested by co-culture. By applying
miMels to tissue-engineered skin, the survival and function of miMels on the surface of nude mice were
verified.
Results: MiMels can produce active tyrosinase and melanin, and can pass melanin to the co-cultured
keratinocytes. Under the stimulation of a-MSH, the active tyrosinase and melanin content of miMels
increased. We tried to apply it to the establishment of tissue-engineered skin and obtained tissue-
engineered skin containing miMels. Then we tried to transplant tissue-engineered skin on the back
skin of nude mice and succeeded. The transplanted miMels survived in local tissues, synthesized active
tyrosinase and melanin, and expressed the marker protein of melanocytes.
Conclusion: In short, miMels can be used as a cell source for tissue engineering skin. MiMels not only
have a typical melanocyte morphology but also have the same biological functions as normal melano-
cytes. What's more important is its successful application in mouse tissue-engineered experiments.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Melanocytes that produce pigment are widely distributed
throughout the body including the epidermis, hair follicles, and
mucous membranes of some tissues [1,2]. The primary function of
melanocytes originating from Nerve cells is the production of the
melanin pigment [1,3]. Melanosomes require specific enzymes and
structural proteins to be mature and become competent to produce
melanin. Tyrosinase is a critical enzyme that catalyzes the rate-
limiting steps of melanin biosynthesis [4].
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Vitiligo is a multi-gene and multi-factor autoimmune disease
which affects 0.3e0.5% of the populationworldwide and the typical
performance is the selective destruction of melanocytes [5]. The
current treatment measures include local treatment, photo-
therapies, surgical treatments, and others [6]. The surgical treat-
ments conclude tissue grafts and cellular grafts which seem to have
the same repair rates [7]. So far, there have been a series of suc-
cessful cases of transplantation treatment. Vitiligo patients have
been successfully treated with autologous non-cultured melano-
cyte-keratinocyte transplantation and cultured autologous pure
melanocytes [8,9]. On account of the limited passage number of
human melanocytes in vitro, a surgical treatment that relies on a
large number of melanocytes has its limitations, which have to be
settled urgently [10].

In recent years, translational and regenerative medicine shows
that stem cells have important application value in melanocyte
transformation mainly including human embryonic stem cells
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(hESCs), pluripotent stem cells (iPSCs), and adult stem cells. The
way to obtain hESCs is very limited and there are three key issues of
hESCs that ethical issue, immunological issue, and safety issue
[11,12]. Compared with hESCs, iPSCs successfully avoided immune
rejection and ethical issues nevertheless some carcinogens and
viral vectors are used in the process of inducing iPSCs, which affects
the application safety [13]. As adult stem cells, Mesenchymal stem
cells (MSCs) which play an important role in homeostasis and
repair have the potential of multiple differentiation [14]. In addi-
tion, MSCs, because of the ability to regulate the host immune
response thereby avoiding recipient recognition and subsequent
rejection, become a valuable cell source for various cell trans-
plantation therapies [15].

Some studies have shown the possibility and prospects of
mesenchymal stem cells used in tissue engineering skin. The
establishment of tissue-engineered skinmust solve the problems of
cells, scaffolds, and growth stimulation signals [16].MSCs have a
variety of methods for tissue repair so they can be used for tissue-
engineered skin [17]. MSCs derived from multiple sites (bone
marrow, adipose tissue, amniotic fluid, and dermis) with multi-
lineage differentiation, high frequency, ease of isolation and char-
acterization, and the ability to migrate to injury are considered to
be the main cell source [18]. The scaffold affects the adhesion and
proliferation of KCs, fibroblasts, and MSCs [19]. Extracellular matrix
(ECM) usually contains a variety of biologically active molecules, so
it can provide support for surrounding cells and can affect cell
adhesion, migration, differentiation, and the production of new
ECM [20,21]. In addition, dermal cells, including fibroblasts and
adipocytes, work with the scaffold to support epidermal function
and integrity [22]. The collagen ECM of connective tissue canmimic
the function of the target tissue, so it can be used as a scaffold for
tissue-engineered skin [23].

There have been successful practices of inducing stem cells to
melanocytes. T Yamane et al. derived melanocytes from cultured
mouse embryonic stem cells [24]. Fang D et al. showed the differ-
entiation process of human embryonic stem cells into melanocytes
for the first time [25]. iPSC is used to generate embryonic bodies,
which are then successfully differentiated into melanocytes by
treatment with growth factors [26]. Hosaka C et al. successfully
induced the melanocyte precursor cells derived from iPSC to
differentiate into melanocytes [27]. Huang WS et al. transfected
viral vectors into human adipose-derived stem cells to obtain iPSCs
and then cultured them with an induction medium to obtain pu-
rified melanocytes [28]. Multilineage-differentiating stress
enduring (Muse) cells, a new type of pluripotent stem cells derived
fromMSCs, have been isolated from human skin fibroblasts, human
adipose stem cells, and bone marrow stem cells and can differen-
tiate into functional melanocytes [29].

In 2015, we successfully induced mouse bone marrow mesen-
chymal stem cells (BMMSCs) into melanocytes (miMels). MiMels
not only have a melanocyte-like morphology but also express
specific markers and synthesize typical type III and type IV mela-
nosomes in their cytoplasm [30]. This study will further explore
whether miMels have the function of normal skinmelanocytes, and
try to apply them to tissue-engineered skin and carry out living
transplantation. This experiment provides a meaningful explora-
tion for the induction and transformation of human mesenchymal
stem cells (hMSCs) into melanocytes for clinical treatment.

2. Methods

2.1. Cell source

In previous studies, we have successfully induced mouse
BMMSCs to transform into melanocytes [30].
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2.2. Determination of tyrosinase and melanin content

The cells were lysed and separated to obtain a supernatant
containing active tyrosinase and a precipitate containing melanin.
The protein in the supernatant was dissolved in PBS containing 0.1%
L-DOPA, incubated at pH 6.8 and 37 �C for 30 min, and tyrosinase
activity was measured at 475 nm using an ultraviolet spectropho-
tometer. The precipitate was dissolved in NaOH containing 10%
DMSO at 80 �C for 1 h to obtain a solution containing melanin. The
ultraviolet spectrophotometer measures the melanin content at
400 nm. Relative activity of tyrosinase ¼ (A475 sample-blank
group)/(A475 control-blank group); relative activity of melanin
content ¼ (A400 sample-blank group)/(A400 control-blank group).

2.3. Transwell co-culture

The 12W-induced miMels, B16 cells (positive control), and
BMMSCs (negative control) were plated in the upper chamber of
the Transwell Chamber, and co-cultured with the mouse kerati-
nocytes (KCs) in the lower chamber of the Transwell Chamber for
more than 7 days. Then the KCs in the lower chamber were stained
with gp100 immunofluorescence to confirm whether the melanin
synthesized and secreted by the upper chamber cells could be
transported to the keratinocytes in the lower chamber to make it
contain melanin.

2.4. RNA extraction

Take granulation tissue from the transplantation site, grind the
tissue in liquid nitrogen, add TRIzol reagent (Invitrogen), and ho-
mogenize with a homogenizer. the sample volume should not
exceed 10% of TRIzol. Take the clear homogenate, add 0.2 ml
chloroform per 1 ml volume, shake vigorously for 15S, leave at
room temperature for 5min, centrifuge at 10000g at 2e8 �C for
15min. Take the water phase, transfer to the ep tube, add an equal
volume of isopropanol, leave it at room temperature for 10 min,
centrifuge at 10000g at 2e8 �C for 10 min. Take the gelatinous
white precipitate at the bottom of the tube, wash with 75% ice-cold
ethanol, centrifuge and discard the supernatant.

2.5. Quantitative RT-PCR

Use reverse transcriptase M-MLV (Takara) and random primers
to obtain cDNA from 1 mg of total RNA, with a final volume of 20 mL.
SYBR Green (Takara) is used as a primer probe for Quantitative RT-
PCR. The thermal cycling parameters used for qRT-RCR were: 95 �C
for 2min, 40 cycles of 95 �C for 15 s, 60 �C for 20 s, 72 �C for 20 s, and
39 cycles of 60e95 �C for 30 s. The relative transcription levels of
TRP-1, TRP-2, MITF, and MART-1 were quantified by Applied Bio-
system 7500 Real-Time PCR System.

Primer sequence: TRP-1, F: 50-GAAAACGCACCTATTGGACATAAC-
30 and R: 50-TAACAACGCAGCCACTACAGC-3'; TRP-2, F: 50-
CTTCCTAACCGCAGAGCAACT-30 and R: 50-CCCAGGATTCCAATGAC-
CACT-3'; MITF, F: 50-TCTGATCCCCAAGTCAAATGAT-30 and R: 50-
TCTTCTGTCGGTTTTCAAGGTC-3'; MART-1, F:50-ATGCCAAGAGAA-
GATGCTCA-30 and R: 50- AGCATGTCTCAGGTGTCTCG -3'.

2.6. Western blot

The bicinchoninic acid assay (Pierce, Rockford, IL, USA) was used
to determine the concentration of total protein extracted from the
grafted granulation tissue. The protein samples were loaded on a
10% SDS-PAGE gel and separated by electrophoresis at 80 V for
45min, and then at 120 V for about 1 h. Then transfer the separated
protein to nitrocellulose membrane (Biotrace) by semi-dry blotting
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at 25 V for 1 h. Block the blotting membrane, then put the blotting
membrane and primary antibody at 4 �C Incubate overnight.

The primary antibodies consist of rat anti-mouse TRP-1 IgG
(1:300; Abcam), rat anti-mouse Mitf IgG (1:600; Abcam), and rat
anti-mouse TRP-2 IgG (1:800; Abcam)), rat anti-mouse MART-1
(1:1000; Abcam) and rabbit composition。The incubated samples
were washed 3 times with blocking buffer and then incubated with
a secondary antibody consisting of FITC-labeled goat anti-rabbit IgG
and CY3-labeled goat anti-rat IgG (1:5000; Chemicon) for 1 h.Wash
the membranes 3 times with Tris buffered saline/Tween-20. Use
ACT-U2/Image-proplus 5.0 (Nikon/Dell) to develop protein bands.
2.7. Immunofluorescence

Cut the granulation tissue at the transplantation site into slices
and use gp100 fluorescent stain (1：50; Abcam) to label melanin.
Place the slices in a solution containing gp100 at 37 �C 24 h a day.
Then, the slides were washed 3 times with PBS, fixed with 4%
formaldehyde for 20 min, and then washed 3 times with PBS. Use
DAPI fluorescent stain (D9542, SigmaeAldrich) to stain the nucleus.
Use the ImageXpress Micro® Confocal High-Content Imaging Sys-
tem (Molecular Devices) to display the images.
2.8. Establishment of tissue-engineered skin

Dissolve rat tail collagen in acetic acid solution, take tail rat
collagen solution, DMEM, and fetal bovine serum, and mix them
evenly in a volume ratio of 8:1:1. Take 2 ml of the collagen gel into a
12-well plate and place it in a 37 �C incubator until the gel is
completely solidified. Drop 1 ml of miMels containing 1� 106 cells
on the surface of collagen, add 3 ml culture medium and continue
to culture for 3 days. Then add 1 ml of mouse KCs containing
1� 106 cells, and continue to culture for 1 day. Then proceed to the
air-liquid surface culture to the end of the culture on the 20th day.
Take out the cultured tissue-engineered skin system, wrap it in
paraffin paper, embed it in paraffin, dehydrate and section to form
tissue-engineered skin.
2.9. Construction of an animal model of skin abrasion

The skin on the back of the nude mouse was disinfected and
abraded with steel sand to form a round skin lesion about 1 cm in
diameter. Collect induced melanocytes, and make a cell suspension
inoculated on the ground wound, covered and fixed with sterile
petrolatum gauze, and removed the gauze 2 weeks after
transplantation.
2.10. HE staining

Fix the obtained granulation tissue with 10% formaldehyde and
add alcohol to dehydrate after trimming and rinsing. Add xylene to
the tissue and embed in wax. Cut the embedded wax block into
slices. The slices are ironed, placed on a glass slide, and dried in a
45 �C thermostat. Use xylene to remove the paraffin from the
section, stainwith hematoxylin and eosin, add gum, and cover with
a cover glass for sealing.
2.11. Silver staining

The sections made from granulation tissue were immersed in
silver nitrate dye for staining, and the stained sections were
observed under a microscope.
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2.12. Statistical analysis

All data were expressed as mean ± SD. The student's t-test was
used to calculate the statistical difference between the two groups.
P < 0.05 was considered statistically significant.
3. Results

3.1. MiMels are capable of producing melanin and tyrosinase
activity

Melanin is produced through a tyrosinase-dependent pathway,
and the hydroxylation of tyrosine to dopaquinone is a key step [31].
Tyrosinase oxidizes tyrosine to dopaquinone, which then generates
melanin precursors through non-enzymatic reactions [32]. There-
fore, we take the active tyrosinase that can catalyze the oxidation
reaction as the detection target, not the protein level of tyrosinase,
which does not fully reflect the level of active tyrosinase that can
catalyze the production of melanin. To explorewhether miMels can
produce active tyrosinase and melanin, we used an ultraviolet
spectrophotometer to detect the tyrosinase activity and melanin
content of miMels at different culture time points relative to
uninduced cells. The results showed that the relative tyrosinase
activity (Fig. 1a) and the relative melanin content (Fig. 1b) of
miMels continued to increase with the extension of the culture
time. After 6 weeks of cultivation, the relative tyrosinase activity
andmelanin content of miMels are significantly different (p < 0.05),
respectively reaching 2.59 ± 0.78 and 2.28 ± 0.30. After 10 weeks of
culture, the relative tyrosinase activity and melanin content of
miMels further increased, reaching 5.59 ± 1.48 and 5.28 ± 0.42;
after 15 weeks of cultivation, its relative tyrosinase activity and
melanin content reached 10.17 ± 1.48 and 9.56 ± 0.98. The
expression level of tyrosinase in melanoma is higher than that in
normal melanocytes [33]. The miMels we induced are used as a
normal cell source for surgical treatment of vitiligo, so the
expression of tyrosinase is much lower than that of B16 cells, and
the melanin produced by the reaction catalyzed by tyrosinase is
relatively small.
3.2. a-MSH promotes the increase of tyrosinase activity of miMels
and the synthesis of melanin

It is generally believed that active tyrosinase, rather than
generalized tyrosinase protein, has the biological function of cata-
lyzing the synthesis of melanin. Therefore, we use relative tyrosi-
nase activity andmelanin content as the detection target of miMels'
response to a-MSH stimulation. 0.1uM a-MSHwas added tomiMels
and B16 cells induced at 8, 10, 12, and 15 weeks, and tyrosinase
activity and melanin content were detected after 24H and 48H,
respectively. The results show that: miMels induced for 8 weeks
and B16 cells have significant differences in the relative activity of
tyrosinase before and after 24h stimulationwith a-MSH (p < 0.05);
miMels induced at 12 and 15 weeks and B16 cells have significant
differences in the relative activity of tyrosinase before and after the
48H stimulationwith a-MSH (p < 0.05) (Fig. 2a). MiMels induced 8,
10, 12, 15 weeks and B16 cells have significant differences in their
relative melanin content before and after a-MSH stimulation for
24H and 48H (p < 0.05) (Fig. 2b). MC1R, the a-MSH receptor, is
expressed in both melanocytes and melanoma cells, but the num-
ber of expressions in melanoma cells far exceeds that of normal
melanocytes [34]. a-MSH binds to the receptor MC1R to generate a
cascade reaction to activate tyrosinase [35]. b16 cell is a melanoma
cell line. Comparedwith normalmelanocytes, there aremoreMC1R
receptors. The cascade reaction can greatly activate tyrosinase.
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Fig. 1. The relative tyrosinase activity and melanin content of miMels. (a) UV spectrophotometer was used to detect the tyrosinase activity of miMels and B16 cells at different
culture time points (1, 2, 4, 6, 8, 10, 12, 15 weeks) relative to uninduced cells. (b) UV spectrophotometer was used to detect the melanin content of miMels and B16 cells at different
culture time points (1, 2, 4, 6, 8, 10, 12, 15 weeks) relative to uninduced cells.
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Fig. 2. The relative tyrosinase activity and melanin content of miMels induced at different time points stimulated with 0.1uMa-MSH at 24h and 48h. (a) 0.1uMa-MSH
stimulated miMels induced at 8, 10, 12, and 15 weeks and B16 cells, and tyrosinase activity was detected by UV spectrophotometer at 24h and 48h, respectively. (b) 0.1uMa-
MSH stimulated miMels induced at 8, 10, 12, and 15 weeks and B16 cells, and the relative melanin content of the cells was detected by an ultraviolet spectrophotometer at
24h and 48h, respectively.

Y. Xie, Z. Xu, W. Shi et al. Regenerative Therapy 21 (2022) 148e156
Therefore, the response of miMels to a-MSH is weaker than that of
b16 cells.
3.3. MiMels delivers the synthesized melanin to co-cultured KCs

Normal melanocytes pass mature melanosomes to KCs, and
the main structural component of melanosomes is gp100 [36].
The expression of the corresponding protein of gp100 is limited
to normal melanocytes and melanoma cells, which has strong
specificity [37]. And in melanocytes, the formation of gp100 fi-
bers is limited to melanosomes [38]. Therefore, we use gp100 as a
specific marker of melanosomes to verify that miMels can deliver
melanosomes to keratinocytes. In the epidermis, melanocytes
transfer melanin pigment to KCs to achieve the photoprotective
effect on the skin [39]. Therefore, whether melanin can be
transferred to KCs is one of the keys to whether miMels can be
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used as normal epidermal melanocytes. B16 cells, mouse
BMMSCs, and miMels induced for 12 weeks were respectively co-
cultured with KCs, and then the KCs were stained by immuno-
fluorescence. From the 11th day when miMels and KCs were co-
cultured, the gp100 immunofluorescence staining of KCs was
positive (Fig. 3). The above content shows that miMels induced
for 12 weeks can deliver synthetic secreted melanin to co-
cultured KCs.
3.4. Apply miMels to tissue engineering

To further explore the application of miMels in tissue engi-
neering. We make miMels into tissue-engineered skin. The normal
group represents normal skin, as a positive control; the material
group represents tissue-engineered skin without miMels as a
negative control; the experimental group is tissue-engineered skin



Fig. 3. The immunofluorescence staining of KCs co-cultured with the induced MSCs. (a) After 7 days of co-culture of B16 cells and KCs, gp100 immunofluorescence staining of KCs
was positive. (b) After BMMSCs and KCs were co-cultured for 13 days, the gp100 immunofluorescence staining of KCs was negative. (c) After the BMMSCs induced for 12 weeks and
KCs co-cultured for 4 days, the gp100 immunofluorescence staining of KCs was negative. (d) After the BMMSCs induced for 12 weeks and KCs co-cultured for 11days, the gp100
immunofluorescence staining of KCs showed a small amount of green fluorescence. (e) After the BMMSCs induced for 12weeks and KCs co-cultured for 17 days, the gp100
immunofluorescence staining of KCs was positive.
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with miMels. HE staining is shown in Fig. 4a, it can be seen that
compared with normal skin, tissue-engineered skin without
miMels cannot form a clear skin structure; while tissue-engineered
skin with miMels has a structure similar to the epidermis and
dermis: the epidermis has multiple layers of KCs, and miMels are
152
evenly distributed among the KCs, the dermis is an irregular loose
network structure without obvious stratification, and it intersects
with the epidermis. The silver plating dyeing is shown in Fig. 4b, in
normal skin, melanin particles were scattered in epidermal cells, no
melanin particles were stained in the material group, and melanin



Fig. 4. The HE staining and the silver staining of miMels tissue-engineered skin. (a) HE staining results of normal group (normal skin), material group (tissue-engineered skin
without miMels) and experimental group (tissue-engineered skin with miMels). (b) Silver staining results of normal group (normal skin), material group (tissue-engineered skin
without miMels) and experimental group (tissue-engineered skin with miMels).
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particles in the experimental group were distributed in all layers of
the skin. Tissue-engineered skin lacks the role of a basement
membrane band compared with normal skin, the proliferation and
migration of miMels were not limited, so the dermis also has
scattered miMels distribution. This problem needs to be solved
urgently.

3.5. The miMels tissue-engineered skin was tentatively applied to
the skin of nude mice

Cell suspensions were prepared and divided into the model
group (PBS), BMMSCs group (BMMSCs count 1 � 106), low-dose
group (miMels count 1 � 105), medium-dose group (miMels
count 5� 105) and high-dose group (miMels count 1� 106). About
1 ml volume of miMels cell suspension was inoculated on the
ground wound on the back of nude mice. Two weeks later, the
granulation tissue from the transplantation site was taken. After 2
153
weeks, the macroscopic view of the mice (Fig. 5a), HE staining of
granulation tissue (Fig. 5a) and gp100 fluorescent staining (Fig. 5b)
are shown in the figure. In the macroscopic view, from left to right
are the model groups, low-dose group (miMels count 1 � 105),
medium-dose group (miMels count 5 � 105) and high-dose group
(miMels count 1 � 106). Since the initial grinding area is the same,
it is obvious that with the increase of miMels, the growth trend of
the mouse skin is better. In the HE stained pictures, the normal
group represents normal skin. It can be seen that with the increase
in the number of implanted miMels, the granulation tissue
appeared closer to normal skin, especially in the high-dose group;
however, in the model group and BMMSCs group, the morphology
of the granulation tissue was far from normal skin. The gp100
fluorescent staining showed that as the number of transplanted
miMels cells increased, the melanin particles in the tissues also
increased, and the model group and BMMSCs group could not
produce the same results as the miMel (Fig. 5b). Western-blot



Fig. 5. The structure and the relevant protein expression of the transplanted tissue. (a) Macroscopic view of mice cultured for 2 weeks, from left to right represent the model group
(PBS), low-dose group (miMels count 1 � 105), medium-dose group (miMels count 5 � 105), and high-dose group (miMels count 1 � 106), respectively. HE stained pictures of
normal group (normal skin), model group (PBS), BMMSCs group (BMMSCs count 1 � 106), low-dose group (miMels count 1 � 105), medium-dose group (miMels count 5 � 105), and
high-dose group (miMels count 1 � 106) transplanted tissue. (b) The gp100 immunofluorescence staining of the model group (PBS), BMMSCs group (BMMSCs count 1 � 106), low-
dose group (miMels count1 � 105), medium-dose group (miMels count 5 � 105), high-dose group (miMels count 1 � 106) transplanted tissues shows the distribution of melanin
particles in the epidermis and dermis. (c) The expression of TRP-1, TRP-2, MITF, and MART-1 in the transplanted tissues of the model, low-dose, medium-dose, and high-dose groups
were determined byWestern blot. (d) The gray value statistics of the protein expression levels of TRP-1, TRP-2, MITF, and MART-1 in the transplanted tissues in the model, low-dose,
medium-dose, and high-dose group was determined.
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(Fig. 5ced) showed that the expressions of TRP-1, TRP-2, MITF, and
MART-1 in the miMels cell transplantation group were higher than
those in the model group, and as the number of miMels increased,
the expression of related proteins also increased.

4. Discussion

In the previous study, we successfully induced the trans-
formation of mouse BMMSCs into miMels. And through optimiza-
tion, the conversion time was shortened from 120 days to 90 days,
and the passage cycle was also shortened from 14-16 days to 4e5
days [30]. L-DOPA staining and UV spectrophotometric detection of
miMels confirmed that: The miMels obtained by the induced
transformation have the morphology of typical melanocytes, active
tyrosinase, and can synthesize melanin. With the extension of the
induction time, the tyrosinase activity of the transformed cells
increased, the synthesis of melanin increased, and they responded
to a-MSH stimulation. a-MSH is the main product of Proopiome-
lanocortin in the skin, which increases the synthesis of melanin and
changes the morphology of melanocytes [40]. It also regulates skin
immunity, protects the skin from immune system damage, UVR-
induced apoptosis, and DNA damage, and interacts with patho-
gens effects [41]. In the co-culture of miMels and KCs, the Transwell
co-culture experiment proved that miMels can deliver the melanin
synthesized and secreted to the co-cultured KCs. These experi-
mental results indicate that miMels have the biological activities
and functions of normal melanocytes. We tried to make miMels,
KCs and rat tail collagen into tissues similar to tissue-engineered
skin, with a structure similar to the epidermis and dermis. The
silver staining of the tissue sections showed that the epidermal
cells were interspersed with melanin particles, which indicated
that miMels could be used in tissue-engineered skin and survive
and synthesize melanin particles. We inoculated miMels on the
back of nude mice. The new granulation tissue at the trans-
plantation site had a normal epidermal dermal structure. As the
number of transplanted miMels increased, the melanin particles in
the tissue increased, and the expression of the related proteins
(TRP-1, TRP-2, MITF, and MART- 1) also increased. It can be seen
that miMels can survive in local tissues after being transplanted
into living skin, synthesize and secrete melanin particles to the
epidermis and dermis, and express the marker proteins of normal
melanocytes. We successfully transformed BMMSCs into melano-
cytes, and then combined with tissue engineering and conducted
animal experiments. This is a huge advancement in mesenchymal
stem cells from induced transformation to application. The research
on cells is no longer limited to the cells themselves, but extends to
tissue-engineered skin with therapeutic value, which has practical
and exploratory significance.

At present, the experimental methods used by miMels for
tissue-engineered skin preparation cannot obtain tissue sections
with typical epidermal and dermal structures. Therefore, in future
experiments, it is necessary to try to use more tissue engineering
materials and explore more effective tissue engineering skin slice
preparation methods. Our research confirmed the feasibility of
miMels applied to tissue-engineered skin and autologous cell
transplantation treatment. The above attempts on mouse mesen-
chymal stem cells provide a theoretical and experimental basis for
further inducing human mesenchymal stem cells to transform into
active melanocytes in vitro and for their use in vitiligo tissue en-
gineering and translational medicine treatment. However, the
source selection of human mesenchymal stem cells, the method of
inducing transformation, the expansion of melanocytes after
transformation, and the biological activity, immunogenicity, and
biological safety of transformed cells all need to continue to be
explored.
155
5. Conclusion

In short, miMels can be used as a cell source for tissue engi-
neering skin. MiMels not only have a typical melanocyte
morphology but also has the same biological functions as normal
melanocytes. What's more important is its successful application in
mouse tissue engineered experiment.
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