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ABSTRACT

Giant congenital melanocytic nevi (GCMN) are defined as nevi of greater than 20cm in diameter. It
is difficult to completely remove GCMN because of the lack of available skin grafts for covering
the resultant defects. This study examined whether it is possible to produce reconstructed skin by
combining epidermal and acellular dermal matrix (ADM) tissue derived from excised GCMN.
GCMN skin samples were obtained with the informed consent of volunteer patients. The abilities of
hypertonic saline (1IN NaCl), 0.05% trypsin, 0.1% SDS (sodium dodecyl sulfate), and phosphate
buffered saline (PBS) to decellularize GCMN tissue were compared. The specimens were incubated
in one of the test solutions at 37°C for 48 hours, before being washed with PBS at 4°C for 14 days.
Residual nuclei, residual DNA, nevus tissue viability, and the structural integrity of the basement
membrane and capillaries were evaluated before treatment, and after 48 hours’ treatment with or
without 7 or 14 days’ washing. We tried to produce reconstructed skin by combining the resultant
ADM with enzymatically-separated GCMN epidermal tissue. The histological structure of the
reconstructed skin was examined after it had been cultured for 5 days. In the SDS group, most cells
had been removed after 48 hours, and the DNA content of the ADM was significantly lower than in
the other groups. As for viability, no significant difference was detected among the groups. The
basement membrane and capillaries remained intact in all groups. After 5 days’ culturing, the
epidermis had become attached to the ADM in all groups, except the SDS group. SDS displayed a
superior decellularization ability compared with the other methods; however, it can not be used to
produce reconstructed skin because of its toxicity. In conclusion, we produced reconstructed skin
that was devoid of nevus cells by combining GCMN epidermal tissue with GCMN-derived ADM

produced with NaCl or trypsin. This is a promising treatment strategy for giant nevus.



INTRODUCTION

Giant congenital melanocytic nevus (GCMN) is a rare, disfiguring lesion and is associated with
malignant melanoma and neurocutaneous melanosis [1]. Two definitions of GCMN have been
proposed: CMN lesions that affect a significant portion of an anatomical area such as the face, head,
or neck [1, 2] or CMN lesions measuring 20cm or more in greatest diameter [3]. Nevus cells are
found in the dermis and subcutaneous tissue, as well as appendages such as sebaceous glands, hair
follicles, sweat glands, blood vessel walls, and nerves [4]. The treatment of GCMN should take

account of both the likely cosmetic outcome and the need to reduce the risk of malignancy.

It is necessary to surgically resect nevi and remove all nevus cells to decrease the risk of
malignancy. However, it is difficult to completely remove GCMN because of the lack of available
skin grafts for covering the resultant defects. To overcome this problem, we tried to prepare
acellular dermal matrices (ADM) by removing the cellular components from nevus tissue. There are
various methods for decellularizing dermal tissue such as freeze-drying it [5, 6] or treating it with
surfactants [2, 7], hypertonic or hypotonic solutions, or enzymes [8-10]. Of these methods, treating
the dermal tissue with surfactants such as sodium dodecyl sulfate solution (SDS) is reported to be
most effective. It was reported that after decellularization dermal tissue exhibits stability, low
antigenicity, and a native dermal structure [7, 11]. However, no clinical study has produced
acellular skin from nevus tissue and then used it to prepare autologous skin containing no nevus

cells.

The aim of this study is to explore whether it is possible to produce reconstructed skin that is devoid
of nevus cells from a combination of epidermal and acellular dermis tissue derived from excised
GCMN tissue and to elucidate the most suitable decellularization method for producing the

abovementioned acellular dermis tissue.



MATERIALS AND METHODS
Preparation of nevus skin

Our protocol was approved by the ethical committee of Kyoto University Graduate School Faculty
of Medicine. GCMN skin specimens were obtained from eight volunteer patients (three males and
five females; mean age: 4.13-years-old, range: 3-6-years-old) who underwent surgery to remove

their nevi at Kyoto University Hospital and provided written informed consent.

The GCMN tissue samples were preserved in normal saline solution (NSS; Otsuka Pharmaceutical
Ltd., Tokyo, Japan). Subcutaneous adipose tissue and hair were removed with scissors, and then the
full thickness melanocytic nevus tissue samples were punched using a biopsy punch to produce

tissue samples of 8mm in diameter (Kai Industries Co., Ltd., Gifu, Japan).
Decellularization of melanocytic nevi

The melanocytic nevus tissues were divided into four groups. Each group included forty pieces of

tissue of 8mm in diameter and was treated with a different solution to decellularize it:

Group A: Phosphate buffered saline solution (PBS; Gibco Ltd., New York, U.S.A.).

- Group B: Hypertonic saline solution (HSS; 1N NaCl; Wako Pure Chemical Industries Ltd.,

Osaka, Japan).
- Group C: 0.05% trypsin (Wako Pure Chemical Industries Ltd., Osaka, Japan).

- Group D: 0.1% sodium dodecyl sulfate solution (SDS; Wako Pure Chemical Industries Ltd.,

Osaka, Japan).

The tissue specimens were first incubated in the relevant solution at 37°C for 48 hours. Then, they
were soaked in fresh PBS solution, before being washed and shaken using an orbital shaker at 40

revolutions per minute (Shake-XR, Taitec, Ltd., Tokyo, Japan) for 14 days at 4°C [12].



Assessment of the decellularized tissue

We assessed the numbers of residual nuclei in the treated tissue samples using hematoxylin and
eosin (H-E) staining and attempted to detect the basement membrane of the epidermis and
capillaries using immunohistochemical staining for type IV collagen and von Willebrand factor
(VWEF), respectively. We also evaluated the viability of the nevus tissue and the amount of DNA it

contained before and after treatment.
Histological examination

The decellularized melanocytic nevus tissues were fixed with 10% neutral-buffered formalin
solution and embedded in paraffin blocks, and then the central area of each ADM was sectioned
into 5um slices, which were then stained with H-E. We used an optical microscope (Biorevo BZ-
9000, Keyence, Co., Osaka, Japan) at x400 magnification to inspect the sections for nevus cells,

fibroblasts, and collagen fibers.
Immunohistochemical staining of the basement membrane and capillaries

Five um-thick paraffin sections were subjected to immunohistochemical staining of type IV
collagen and VWF to detect the basement membrane and capillaries, respectively. After
deparaffinization and rehydration, the antigen retrieval processing was performed using the heat-
induced target retrieval method. The sections were immersed in a pre-heated staining dish
containing a modified citrate buffer (pH 6.1; Dako Japan Co., Tokyo, Japan) and incubated for 30
minutes at 90°C. After being cooled to room temperature for 20 minutes, the sections were rinsed
twice for 3 minutes in PBS and then immersed in 130ml methanol (CH3OH; Wako Pure Chemical
Industries Ltd., Osaka, Japan) mixed with 4 ml hydrogen peroxide (H,O,; Wako Pure Chemical
Industries Ltd., Osaka, Japan) for 10 minutes to block endogenous peroxidase activity. To block
non-specific protein binding, protein blocking agent (PBA; Thermo Ltd., California, U.S.A.) was
applied for 10 minutes at room temperature. Next, the sections were incubated with rabbit
polyclonal anti-human vWF antibody (1:300; Dako Japan Co., Ltd., Tokyo, Japan) and rabbit
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polyclonal collagen IV antibody (1:500; Abcam Co., Ltd., Boston, U.S.A.) as primary antibodies at
room temperature for 30 minutes, before the peroxidase-labeled secondary antibody, rabbit anti-
goat simple stain MAX PO (multi) (Histofine, Nichirei Biosciences Co., Ltd., Tokyo, Japan), was
applied for 30 minutes at room temperature. The sections were then rinsed with PBS, exposed to
DAB (3-3’-diaminobenzidine tetrahydrochloride; Dako Japan Co., Ltd., Japan) for 30 seconds at
room temperature, and counterstained with hematoxylin. The basement membrane and capillaries

were observed at a magnification of x200.
Evaluation of the viability of the decellularized tissue

The viability of the decellularized tissue was evaluated using a WST-8 (4-[3-(2-methoxy-4-nitro-
phenyl)-2-[4-nitrophenyl]-2H-5-tetrazolio]-1,3-benzene disulfonate sodium salt) assay (Cell
Count Reagent SF, Nacalai Tesque, Co., Ltd., Kyoto, Japan). After 48 hours’ treatment with or
without 7 or 14 days’ washing, eight specimens of 3mm in diameter were obtained from each group
(the PBS, NaCl, trypsin, and SDS treatment groups) using biopsy punches (Kai Industries Co., Ltd.,
Gifu, Japan) and placed into the wells of a 96-well plate (Thermo Scientific, Nunc Co., Roskilde,
Denmark). One hundred pl of Dulbecco’s modified Eagles’ medium (DMEM) were added to each
well, and then the specimens were immersed in the DMEM and incubated for 15 minutes at 37°C.
Ten pl of the test reagent were added, and then the specimens were incubated for 1 hour at 37°C.
Next, the specimens were removed, and the absorbance of the wells was read using a microplate
reader (model 680; Bio-Rad Laboratories, Inc., Hercules, CA) at a test wavelength of 450nm and a
reference wavelength of 650nm [13]. In this experiment, DMEM without dermis and untreated
nevus tissue were used as negative and positive controls, respectively. The viability of the untreated

nevus tissue was evaluated immediately after it had been obtained from the patients.
Quantification of residual DNA in the decellularized tissue

DNeasy blood and tissue kits (Qiagen Sciences, Co., Ltd., Texas, U.S.A.) were used to determine

the amount of nuclear DNA in the melanocytic nevus tissues before they were treated with the test
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solutions, after 48 hours’ treatment in a CO,-incubator, and after the latter treatment plus 7 or 14
days’ washing and shaking. According to the spin-column protocol of Qiagen Sciences [14],
spectrophotometry (A=280mm) was used to quantify the residual amount of DNA (Nanodrop ND-

1000, Scrum Inc., Japan).
Preparation of reconstituent skin from the ADM

The method used to produce the reconstituent skin from autologous ADM and epidermal tissue is
shown in figure 1. We first excised melanocytic nevus tissue from the buttocks of a 4-year-old
female patient. Then, we separated a thin layer of split-thickness skin (280um) from the nevus
tissue using a dermatome. The split-thickness skin and remaining dermis were immediately
preserved in NSS. The split-thickness GCMN skin was immersed in dispase solution (Godo Shuseli
Co., Ltd., Tokyo, Japan), which contained 10,000 PU dispase dissolved in 10ml DMEM (Sigma-
Aldrich Co., St. Louis, MO) and antibiotics (100 units/mL penicillin, 100pug/mL streptomycin, and
250ng/mL amphotericin B; Life Technologies Co., Carlsbad, CA), for 24 hours at 4°C. Then, we
separated the epidermis from the papillary layer of the dermis with forceps and stored it in DMEM
at 4°C until use. Subcutaneous adipose tissue and hair were removed from the aforementioned
dermis using scissors, and then the tissue was punched into pieces of 8mm in diameter using a
biopsy punch. The dermis specimens were decellularized for 48 hours using PBS, NaCl, trypsin, or
SDS according to the abovementioned protocols, before being soaked in fresh PBS solution,
washed, and shaken in an orbital shaker at 40 revolutions per minute for 3 hours at 4°C. Next, the
decellularized dermis tissue was placed in 10cm culture dishes (Nunclon Surface, Nunc Co.,
Roskilde, Denmark) so that the surface that had been in contact with the thin split-thickness skin
was facing upward. Then, the epidermis was punched into pieces of 8mm in diameter using a
biopsy punch, and the pieces were placed on top of the decellularized dermis specimens. We started
an air-liquid interface culture in DMEM, 10% fetal bovine serum (FBS, Life Technologies Co.,

Carlsbad, CA), and antibiotics. The medium was replaced 3 days later. The specimens had their



histological structures examined after 5 days using H-E staining and an optical microscope

(magnification: x200).

M Dermis | Epidermis % Nevus nuclei B Melanin granules

Fig. 1 Schematic view of the enzymatic epidermal separation process and the preparation of reconstituent skin from GCMN

1. GCMN tissue was excised.

2. A thin layer of split-thickness skin was removed using a dermatome.

3. The epidermis was separated from the papillary layer of the dermis using an enzyme-based
method, and the papillary layer was disposed of.

4. An ADM was produced by decellularizing the remaining dermis tissue.

5. The reconstituent skin was prepared by combining the ADM and epidermis.

Implantation of the reconstituent skin into mice

All of the animal experiments performed in this study were approved by the Committee on the
Ethics of Animal Experiments (Faculty of Medicine, Kyoto University, Kyoto, Japan) and were
carried out in accordance with the Guidelines for Animal Experiments of the Faculty of Medicine,

Kyoto University.

Seven-week-old male BALB/c nude mice (n=8, 2 mice in each group; Shimizu Laboratory Supply,
Kyoto, Japan) were used in this study. The mice were anesthetized via the intraperitoneal injection
of sodium pentobarbital (40mg/kg; Dainippon Sumitomo Pharmaceutical Co. Ltd, Osaka, Japan). In
each mouse, reconstituent skin samples of 8mm in diameter containing decellularized nevus tissue
produced using PBS, NaCl, trypsin, or SDS were implanted into the subcutaneous tissue on both
sides of their back. Thus, a total of four reconstituent skin samples were grafted into the two mice in

each group.

The reconstituent skins samples were examined at 14 days after their implantation. In each group,

one sample was used for the histological examination, and 3 samples were used to evaluate viability.
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Specimens of 3mm in diameter (n=6) were obtained from each group using biopsy punches, and

their viability was evaluated using the WST-8 assay.
Statistical analysis

The statistical significance of differences was assessed using one-way analysis of variance
(ANOVA) and Fisher’s protected least significant difference (Fisher’s PLSD) test as a post-hoc test.
All data are expressed as the mean + standard error (SE). Values of p<0.05 were accepted as

statistically significant.
RESULTS
Macroscopic evaluation of the ADM

Forty-eight hours’ treatment with NaCl, trypsin, or SDS resulted in the epidermis being completely
removed from the nevus tissue samples. Conversely, in the PBS group it remained in place after 48

hours’ treatment with or without 7 or 14 days’ washing and shaking.
Histological evaluation of the ADM

Representative examples of our H-E staining results are shown in figure 2. Figure 2. a and b show
histological images of untreated GCMN tissue. The extracellular interstitium, nuclei, and melanin
granules are visible: the pale pink color represents dense collagen fibers, the nuclei appear as dark
blue granules, and the brown spots are melanin granules. The nuclear density of each tissue
specimen was evaluated after 48 hours’ treatment with or without 7 or 14 days’ washing. The
nuclear densities of the PBS (figure 2.c,g,k), NaCl (figure 2.d,h,l), and trypsin (figure 2.e,i,m)
groups were lower than that of the untreated nevus tissue (figure 2.a,b). In addition, their nuclei
were more swollen, opaque, and paler than those of the untreated nevus tissue. In contrast, no cells
such as nevus cells, fibroblasts, or endothelial cells were seen after 48 hours’ treatment in the SDS
group (figure 2.f,j,n). Residual melanin granules were observed in all of the treated and untreated

nevus tissue specimens. Collagen bundles were also present in all groups.



Fig. 2 H-E staining of decellularized nevus tissues obtained by various methods

(a) Untreated nevus epidermis/dermis tissue at x100 magnification. (b) Untreated nevus tissue.
Tissue subjected to (c) 48h PBS treatment, (d) 48h NaCl treatment, (e) 48h trypsin treatment, (f)
48h SDS treatment, (g) 48h PBS treatment and 7d washing, (h) 48h NaCl treatment and 7d washing,
(i) 48h trypsin treatment and 7d washing, (j) 48h SDS treatment and 7d washing, (k) 48h PBS
treatment and 14d washing, (I) 48h NaCl treatment and 14d washing, (m) 48h trypsin treatment and
14d washing, or (n) 48h SDS treatment and 14d washing. In the untreated nevus tissue specimens,
the nuclei were very dense (a,b). The specimens treated with PBS (c,g,k), NaCl (d,h,l), or trypsin
(e,i,m) displayed a lower nuclear density than the untreated nevus tissue specimens, and their
nuclei were more swollen and opaque as well as paler than than those of the untreated specimens.
No nuclei were seen in the specimens treated with SDS (f,j,n). Scale bar=100um at x400
magnification.

Observation of the basement membrane and capillaries

Figure 3 shows tissue sections that had been stained with type IV collagen antibody. In the
untreated nevus tissue, type IV collagen, which was used as a marker of the basement membrane,
was detected between the epidermis and dermis (figure 3.a). Although the epidermis was
completely removed in the NaCl, trypsin, and SDS treatment groups, the basement membrane
remained intact in all groups after 48 hours’ treatment with or without 7 or 14 days’ washing (figure
3.b-m).
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Fig. 3 Type IV collagen staining of decellularized nevus tissues obtained by various methods

(a) Untreated nevus tissue. Tissue subjected to (b) 48h PBS treatment, (c) 48h NaCl treatment, (d)
48h trypsin treatment, (e) 48h SDS treatment, (f) 48h PBS treatment and 7d washing, (g) 48h NaCl
treatment and 7d washing, (h) 48h trypsin treatment and 7d washing, (i) 48h SDS treatment and 7d
washing, (j) 48h PBS treatment and 14d washing, (k) 48h NaCl treatment and 14d washing, (I) 48h
trypsin treatment and 14d washing, or (m) 48h SDS treatment and 14d washing. Arrowheads
indicate the basement membrane. In the untreated nevus tissue (a) and PBS (b,fj) treated
specimens, the basement membrane is shown as a brown line between the epidermis and dermis.
Although the epidermis was completely removed in the NaCl (c,g,k), trypsin (d,h,l), and SDS (e,i,m)
treated groups, the basement membrane remained intact in all specimens after 48 hours’ treatment
with or without 7 or 14 days’ washing. Scale bar=100um at x200 magnification.

Images of capillaries that had been immunohistochemically stained used vVWF antibody are shown
in figure 4. In the untreated nevus tissue specimens, VWF staining was prominent in the capillaries
(figure 4.a). Capillaries were also observed in all of the treated groups after 48 hours’ treatment

with or without 7 or 14 days’ washing and shaking (figure 4.b-m).
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Fig. 4 Immunohistochemical staining of capillaries in decellularized nevus tissues obtained by various
methods using von Willebrand factor antibody

(a) Untreated nevus tissue. Tissue subjected to (b) 48h PBS treatment, (c) 48h NaCl treatment, (d)
48h trypsin treatment, (e) 48h SDS treatment, (f) 48h PBS treatment and 7d washing, (g) 48h NaCl
treatment and 7d washing, (h) 48h trypsin treatment and 7d washing, (i) 48h SDS treatment and 7d
washing, (j) 48h PBS treatment and 14d washing, (k) 48h NaCl treatment and 14d washing, (I) 48h
trypsin treatment and 14d washing, or (m) 48h SDS treatment and 14d washing. Arrowheads
indicate capillaries. Capillaries were observed in the untreated nevus tissue (a) as well as the PBS
(b,f,0), NaCl (c,g,k), trypsin (d,h,l), and SDS (e,im) groups after 48 hours’ treatment with or
without 7 or 14 days’ washing. Scale bar=100um at x400 magnification.

Quantification and comparison of residual DNA levels

To quantify the number of cells remaining inside the decellularized nevus tissue samples, we
measured the amount of residual DNA that they contained (figure 5). There was no significant
difference in the amount of residual DNA between the untreated nevus tissue and the tissue in the
PBS, NacCl, or trypsin groups after 48 hours’ treatment with or without 7 or 14 days’ washing. The

quantity of residual DNA was lowest in the SDS group at all three time points and was significantly
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different from those of the other groups (p<0.01). However, there was no significant difference in

the amount of residual DNA in the SDS group among the three time points.
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Fig. 5 Quantification of the amount of residual DNA in the decellularized nevus tissue

The amount of residual DNA is shown as the mean + SE. The SDS group displayed the lowest
amount of residual DNA after each treatment (0.081+0.018ug/mg, 0.076+0.017pg/mg, and
0.065+0.011ug/mg after 48 hours’ treatment, 48 hours’ treatment and 7 days’ washing, and 48
hours’ treatment and 14 days’ washing, respectively), and all of the values for the SDS group were
significantly different compared with those for the untreated nevus tissue (2.817+0.16ug/mg) and
the other treatment groups (p<0.01). There was no significant difference in the amount of residual
DNA between the untreated group and the PBS, NaCl, or trypsin groups. There was no significant
difference in the amount of residual DNA in the SDS group among the three time points.

The viability of the decellularized nevus tissue

A quantitative evaluation of the viability of the decellularized nevus tissue is shown in figure 6. The
viability of the tissue (absorbance) was low in the PBS, NaCl, trypsin, and SDS groups after 48
hours’ treatment with or without 7 or 14 days’ washing, and these groups displayed significantly
lower viability than the untreated nevus tissue specimens (p<0.01). No significant difference in

viability was detected among the three time points in any of the treated groups.
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Fig. 6 Quantification of the viability of decellularized nevus tissue

Absorbance is shown as the mean + SE. DMEM without dermis was used as a negative control
(DMEM group). Tissue viability was significantly lower in the PBS, NaCl, trypsin, and SDS groups
than in the untreated nevus tissue (0.619+0.003, p<0.01). No significant difference in tissue
viability was detected among the three time points in any of the treatment groups or the DMEM
group (p>0.05).

The viability of the reconstituent skin samples after 14 days’ grafting

A quantitative evaluation of the viability of the reconstituent skin samples after 14 days’ grafting is
shown in figure 7. The reconstituent skin samples in the PBS, NaCl and trypsin groups displayed
equivalent viability to the untreated nevus tissue. In contrast, the viability of the specimens in the

SDS group was significantly lower than that of the untreated nevus tissue (p<0.01).
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Fig. 7 Quantification of the viability of the reconstituent skin produced using various
decellularized nevus tissues

Absorbance is shown as the mean £ SE. The viability of the reconstituent skin containing ADM
produced with PBS (0.717+0.001), NaCl (0.719+0.001), or trypsin (0.713+0.007) after being
implanted into the subcutaneous tissue on the backs of mice and allowed to engraft for 14 days was
as high as that of the untreated nevus tissue (0.619+0.003, p>0.05). In contrast, the viability of the
reconstituent skin produced with SDS was significantly lower than that of the untreated nevus tissue
(p<0.01).

The structure of reconstituent skin composed of autologous ADM and epidermal tissue

The results of the histological examinations of reconstituent skin specimens that had been cultivated
in vitro or implanted into the backs of mice and allowed to engraft for 14 days are shown in figure 8.
Figure 8.a and b show nevus tissue before and after the thin split-thickness skin had been removed.
ADM that were produced via 48 hours’ treatment with PBS, NaCl, trypsin, or SDS are shown in
figure 8.c-f. After the reconstituent skin samples had been cultivated in vitro or allowed to engraft
for 14 days, the epidermis had become attached to the ADM in the PBS (figure 8.g,k), NaCl (figure
8.h,1), and trypsin (figure 8.i,m) groups. However, the epidermis did not successfully attach to the

ADM in the SDS group (figure 8.j,n).
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Fig. 8 H-E staining of the reconstituent skin samples produced using the decellularized nevus tissues and
the findings obtained with our in vivo reconstituent skin models

(a) Untreated nevus tissue. (b) Nevus tissue after the thin layer of split-thickness skin had been
removed. ADM produced via (c) 48h PBS treatment, (d) 48h NaCl treatment, (e) 48h trypsin
treatment, or (f) 48h SDS treatment. (g) Reconstituent skin produced using the ADM from the PBS
group, (h) NaCl group, (i) trypsin group, (j) or SDS group after 5 days’ in vitro culturing. (k) In
vivo reconstituent skin models in which reconstituent skin containing ADM produced with PBS, (1)
NacCl, (m) trypsin, (n) or SDS was implanted into the subcutaneous tissue on the backs of mice and
allowed to engraft for 14 days. The epidermis had successfully attached to the ADM in the PBS
(9,k), NaCl (h,]), and trypsin (i,m) groups by day 5 in vitro and day 14 in vivo. In contrast, the
epidermis was not able to attach to the ADM produced with SDS (j,n). Scale bar=100um at x200
magnification. The yellow arrow indicates the epidermal layer, and the green arrow indicates the
dermal layer.

DISCUSSION

Treatments for GCMN can be categorized into non-excisional and excisional treatments [1, 15].
The former includes dermabrasion [16], laser ablation [17-21], curettage [22-24], chemical peeling,
and cryotherapy with dry ice [25], but these methods cannot remove all nevus cells because nevus
cells are also found in deeper dermal layers and subcutaneous tissue. Thus, the full-thickness

excision of nevus tissue is the only method that can completely remove nevus cells. However, a
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lack of donor skin remains a big issue in the treatment of giant nevi. Several recent reports have
suggested that skin substitutes could be used for the treatment of skin defects. Artificial dermis
products such as Integra® (Integra Life Sciences Corp., Plainshoro, New Jersey, U.S.A.) [26-29]
and Pelnac® (Gunze Ltd., Ayabe, Kyoto, Japan) [2, 30] have been reported to be useful for
regenerating dermal tissue in skin defects. However, these artificial dermises usually require two-
step procedures, and patients have to wait several weeks for the dermis-like tissue to be prepared
before the secondary skin grafting. The use of the acellular human dermis AlloDerm® (Life Cell
Corp., The Woodlands, Texas, U.S.A.) for simultaneous grafting with a thin layer of autologous
skin has also been reported [31, 32]. Treatment with such dermal substitutes is affected by the
limitations of autologous skin, and the long-term quality of reconstructed skin produced in this
manner is unclear. Kishi reported a grafting procedure involving epidermal tissue that had been
separated from excised nevus tissue. In his method, split-thickness skin was taken from a GCMN
using a dermatome and immersed in dispase for 75-105 minutes at 37°C. Then, the superficial part
of the dermis, which contained relatively thick nevus cells, was removed, and the enzymatically-
separated epidermis was grafted onto the remaining dermal tissue [33]. Although this technique has
the advantage of using epidermal nevus tissue, nevus cells still remain in the residual dermis. In
animal experiments, Mizuno decellularized nevus tissue with SDS and used the resultant ADM
together with split-thickness skin from another site to cover nevus defects [2]. This method also

uses nevus tissue for dermal reconstruction, but the lack of split-thickness skin remains a problem.

In this study, we manipulated nevus tissue in order to produce reconstructed skin that was devoid of
nevus cells. The preparation of reconstructed skin composed of epidermal and autologous ADM
tissue derived from nevus tissue could be a useful treatment for GCMN. We excised nevus tissue
and then decellularized it with NaCl, trypsin, or SDS solution. SDS is an ionic detergent that
simultaneously destroys and washes out cells, which makes it effective at removing nuclear
remnants and cytoplasmic proteins from tissue [11, 34, 35]. Trypsin is a proteolytic enzyme used

for cell removal. Trypsin can be used to remove cells because it degrades the extracellular matrix
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(ECM) and cleaves peptide bonds, leading to the degradation of DNA [36, 37]. The ECM remaining
after enzymatic decellularization is still able to support endothelial cell growth in vitro despite the
removal of ECM components [38, 39]. Hypertonic NaCl solution has a greater molar concentration
of NaCl than is found within cells. Thus, when cells are exposed to hypertonic NaCl, water is drawn
out of the cells and into the surrounding solution. The diffusion of water molecules out of the cells
results in cell shrinkage and osmotic shock-induced lysis, and there is no need to remove cellular
remnants from the tissue [34, 37, 40-43]. In this study, we found that ADM could be produced by
treating GCMN dermal tissue with any of these three solutions for 48 hours, while dermal structures
such as the basement membrane of the dermal-epidermal junction and capillaries were maintained.
The SDS group displayed the lowest amount of residual DNA after 48 hours’ treatment, whereas
the amounts of residual DNA in the other groups were not significantly different from that in the
untreated nevus tissue. However, after 48 hours’ treatment all of the treated groups displayed
significantly lower viability than the untreated nevus tissue. In addition, we found that 48 hours’
treatment with SDS resulted in the complete removal of all nuclei, but after 48 hours’ treatment the
viability of the tissue in the NaCl and trypsin groups was as low as that of the tissue in the SDS
group. These results showed that all of the ADM in the treated groups displayed significantly lower
viability than untreated nevus tissue, even though some nuclei remained in the ADM in the NaCl
and trypsin groups. We therefore consider that these tissues had been inactivated, and hence, it was
acceptable to refer to them as “acellular”. In this study, the viability of GCMN tissue was even

decreased by treatment with PBS, probably because we incubated the samples at 37°C.

In the next step, we prepared reconstructed skin by combining the autologous ADM with epidermal
tissue from nevus samples. We were able to produce reconstructed skin using the ADM produced
with PBS, NaCl, and trypsin. In contrast, the epidermis did not attach to the ADM produced with
SDS. Previous reports have described the production of ADM from normal skin [11] or nevus tissue
[2], but there are no reports about combining epidermal tissue separated from nevus tissue with

decellularized nevus dermal tissue. In our method, the epidermis did not adhere to the ADM
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produced with SDS. This might have been because the residual SDS was cytotoxic to epidermal
cells or prevented them from attaching to the ADM [44-47]. Another possibility is that SDS disrupts
the native tissue structure and decreases its glycosaminoglycan and collagen content [37]. After
reconstituent skin samples had been implanted into mice and allowed to engraft for 14 days, we
found that the reconstituent skin samples containing ADM produced with PBS, NaCl, or trypsin
possessed normal epidermal layers and displayed equivalent viability to untreated nevus tissue.
These results show that the epidermis had become attached to the ADM and was viable, and suggest

that our method could be used to reconstruct skin defects.

Our study showed that the basement membrane and capillaries remained after decellularization with
hypertonic NaCl, trypsin, or SDS. Although SDS achieved more complete cell removal than NaCl
or trypsin, the epidermal tissue could not attach to the ADM produced with SDS. On the contrary,
we found that epidermal tissue was able to rapidly attach to ADM tissue that had been processed
with NaCl or trypsin, and hence, reconstituent skin can be produced using either of these reagents.
Therefore, these two methods could be suitable for preparing autologous skin substitutes from

nevus tissue.

Using our methods, it takes 48 hours from the resection of the GCMN to the implantation of the
autologous ADM and epidermis to cover the defect. Thus, our method could solve the shortage of

donor skin in GCMN patients.

In conclusion, we successfully manipulated nevus tissue to produce autologous skin substitutes that
were devoid of nevus cells. Treating GCMN tissue with NaCl is an appropriate decellularization
method for producing ADM. Our method is a promising treatment for GCMN patients, who lack

normal skin to cover the skin defects produced by nevus removal.
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