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Abstract

Mammalian skin appendages, such as hair follicles and sweat glands, are essential for both esthetic
and functional purposes. Conditions such as burns and ulcers can lead to dysfunction or loss of skin
appendages and result in hair loss and dry skin, posing challenges in their regeneration. Existing
anima models are insufficient for studying acquired dysfunction of skin appendages without
underlying genetic causes. This study aimed to develop more clinically relevant mouse models by
evaluating two approaches: keratinocyte transplantation and grafting of skin at varying thicknesses.
GFP-expressing keratinocytes were transplanted into ulcers on nude mice, leading to
re-epithelialization with minimal skin appendages at 4 weeks after transplantation. However, the
re-epithelialized area was largely derived from recipient cells, with the grafted cells contributing to
only 1.31% of the area. In the skin grafting model, donor skin from GFP transgenic mice was grafted
onto nude mice at three thicknesses: full thickness, 10/1000 inch, and 5/1000 inch. The grafted area
of the 5/1000-inch grafts remained stable at 89.5% of its origina size 5 weeks after transplantation,
ensuring a sufficiently large skin area. The 5/1000-inch grafts resulted in a significant reduction in
skin appendages, with a mean of only 3.73 hair follicles per 5 mm, compared with 69.7 in the control
group. The 5/1000-inch skin grafting in orthotopic autologous transplantation also showed the
achievement of skin surfaces with a minimal number of skin appendages. Therefore, a mouse model
with skin grafting demonstrated stability in producing large areas of skin with minima appendages.
In conclusion, these two models with acquired skin appendage dysfunction and no underlying
genetic causes provide valuable tools for researching skin appendage regeneration, offering insights

into potential therapeutic strategies for conditions involving skin appendage | oss.
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Introduction
Mammalian skin appendages are complex mini-organs formed during skin development, which

include hair follicles and sweat glands.™ % Lack or dysfunction of skin appendages can occur due to


https://doi.org/10.1101/2024.09.02.610845
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.09.02.610845; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

intrinsic factors such as hormonal influences (androgenic alopecia) and immune responses (alopecia
areata), but also external factors such as scars resulting from burns and ulcer healing, as well as skin
grafts.®* Such conditions cauise a number of esthetic and functional complaints, including hair loss
and dry skin.”

The research and development of new treatments, particularly those aimed at regenerating skin
appendages by using local resident cells, require a skin model with declined function and/or a
reduced number of skin appendages not caused by genetic or intrinsic factors. However, existing
anima models, such as those using sites that naturally lack hai r°® or animals with genetic factors
that impede hair growth,>™ do not meet this criterion.

To develop a more clinically relevant model of acquired skin appendage dysfunction, characterized
by a quantitative reduction of skin appendages despite the loca cells not having any inherent
abnormalities, we examined the condition of skin after the formation of a simple ulcer, after the
transplantation of cultured keratinocytes onto the ulcer surface, and after grafting of skin with
varying thicknesses. For the transplantation procedures, allogeneic transplantation of tissues
harvested from mice expressing green fluorescent protein (GFP) in al cells throughout their bodies

to immunodeficient nude mice was used to identify the origin of the cells.

Methods

Isolation and culture of mouse ker atinocytes

Mouse keratinocytes were isolated from the back skin of 3-5-week-old GFP transgenic C57BL/6-Tg
(CAG-EGFP) mice (Japan SLC, Inc., Hamamatsu, Japan). The skin specimens were washed three
times in phosphate-buffered saline (PBS) and incubated with 0.25% trypsin in PBS for 16-24 h at
4 °C. The epidermis was separated from the dermis using forceps. Keratinocyte culture was started
at 37 °C with 5% CO,, and maintained on mitomycin C-treated 3T3-J2 feeder cdlls (a generous gift
from the late Dr. Howard Green) in F medium [3:1 (v/v) Ham's F12 and D-MEM; FUJIFILM Wako
Pure Chemica Corporation, Osaka, Japan] supplemented with 5% FBS, 0.4 ng/ml hydrocortisone
(Sigma-Aldrich, St. Louis, MO, USA), 5 pg/ml insulin (Sigma), 10 ng/ml EGF (Sigma), 24 pg/ml
adenine (Sigma), 8.4 ng/ml cholera toxin (Wako), 100 U/ml penicillin (Wako), 100 pg/ml
streptomycin (Wako), and 10 uM Rho-kinase inhibitor Y27632 (Selleck Chemicals, Houston, TX,
USA).12 The cdlls were transplanted at passage 2. Imaging was performed using an Olympus IX73
Inverted LED Fluorescence Microscope (Olympus Corporation, Tokyo, Japan).

Re-epithelialization after ulcer formation
Four-week-old C57BL/6J Jl (B6) female mice (Nippon Bio-Supp. Center, Tokyo, Japan) were used
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as recipient animals. Under inhalation anesthesia, a 10 mm circular piece of skin was excised from
the right dorsal region to make an ulcer. The wound healing process was observed, and the

re-epithelialization area was assessed stereoscopically.

Re-epithelialization with keratinocyte transplantation

A conventional skin reconstitution method was performed with reference to previous studies ™™
Four-week-old BALB/cAJcl-nu/nu female mice (Nippon Bio-Supp. Center) were used as recipient
animals. Under inhalation anesthesia, a6 mm circular piece of skin was excised from the right dorsal
region. An autoclaved 1.0-cm-diameter silicone chamber, created using a 3D-printed template,16 was
inserted into the skin hole. The rim of the slicone chamber was secured to the skin with four 5-0
nylon sutures. Ten million GFP-expressing keratinocytes were prepared in 150 uL of F medium and
transferred into the chamber by making a small incision at the top. One week after transplantation,
the upper half of the chamber was cut off. Two weeks after transplantation, the entire chamber was
removed. The skin following re-epithelialization was evaluated 4 weeks after transplantation using a

Stereoscope ZeissAX10 Zoom V16 (Zeiss, Baden-Wurttemberg, Germany).

Skin reconstruction through skin grafting

Non-pigmented skin in which the hair follicles were in the telogen stage'’ was harvested from the
dorsal part of GFP transgenic mice after hair clipping. The skin was thinned in two distinct
thicknesses (5/1000 inch or 10/1000 inch) for the purpose of split-thickness skin grafting using a
drum-type Padgett dermatome (Keisei Medical Industrial Co., Ltd., Tokyo, Japan). Under inhalation
anesthesia, a longitudina incison was made on the mid-dorsal back of 4-week-old
BALB/cAJcl-nu/nu female mice and a subcutaneous pocket was created. Either of the two
previously described types of donor skin or full-thickness donor skin was grafted onto the fascia and
secured with 5-0 nylon sutures. The wound on the nude mouse was then closed using the
surrounding skin. The covering skin was excised to expose the grafted area 5 days after
transplantation. The sutures were removed 2 weeks after transplantation. Macroscopic and
histological evaluation was conducted 5 weeks after transplantation. The skin tissue was harvested
from the mid-dorsal region of the mouse, including both grafted and non-grafted areas. As
autologous skin grafting, the same procedure, in which the mid-dorsal skin was harvested, thinned,
and sutured at the same portion, was performed using single B6 mice in place of GFP transgenic

mice and nude mice.

Frozen sectioning
Tissues were fixed with 4% paraformaldehyde in PBS for 1 day and then incubated in 30% sucrose
in PBS for 2 days. They were embedded in OCT compound and frozen with dry ice. Frozen samples
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were sectioned using a cryofilm [Cryofilm type 2C(9), 2.5 cm C-FP094; Section-Lab, Hiroshima,

Japan] by a previously described method™® *°

at 200 um intervals using a cryostat. Tissue sections
were stained with hematoxylin and eosin (H&E) or mounted with 4’,6-diamidino-2-phenylindole
(DAPI) Fluoromount-G (Thermo Fisher Scientific, Waltham, MA, USA). They were imaged with

SLIDEVIEW V S200 Slide Scanner (Olympus, Tokyo, Japan).

Statigtical analysis
Numerical data are presented as mean + standard deviation (SD). The significance of differenceswas

examined using Welch'st-test. Values of P < 0.05 were considered statistically significant.

Results

Evaluation of healed wound with or without keratinocyte transplantation

First, to develop a mouse model of acquired skin appendage dysfunction without any inherent
abnormalities, wild-type mice (specifically B6 mice) were used. When skin ulcers were created by
simple resection of circular skin pieces on the back of B6 mice, the wounds healed primarily through
contraction of the surrounding skin within 2 weeks (Figure 1a). Given the limited area of
re-epithelialization, the procedure was apparently insufficient to ensure a skin surface with a reduced
number of skin appendages; therefore, we investigated the usefulness of transplanting cultured
keratinocytes to the ulcer. To track the progression of wound area and engraftment of transplanted
cells, allogeneic transplantation of primary keratinocytes isolated from the GFP transgenic mice
(Figure 1b) to the wounds created on the back of immunodeficient nude mice was performed. This
procedure allowed the external observation of areas of transplanted cell engraftments

stereoscopically.

A silicone chamber was attached to the ulcerated surface created by excision of the dorsal skin of a
nude mouse, and keratinocytes were transplanted into the chamber. Two weeks after the cell
transplantation, the chamber was removed and the site was monitored for another 2 weeks (Figure
1c). When the chamber was removed, epithelial-like tissue was observed covering the original ulcer
area. The area was then covered with a scab, and by the fourth week, it was epithelialized in a
concave shape compared to the surrounding area (Figure 1d). Stereoscopic observation revealed that
only asmall portion of the transplanted cells were located within the concavity (Figure 1€). The area
of re-epithelialization, defined by depression relative to the surrounding skin, averaged 56.5 + 11.3%
when compared with the initial chamber area at the time of transplantation, while average
GFP-positive area, equivalent to the area of engraftment of the transplanted cells, was only 1.31 +
0.6% (Figure 1If). In addition to apparent lack of hair growth, histological evaluation revealed no
evidence of skin appendages in the areas of re-epithelialization, regardless of whether the epithelium
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was composed of transplanted cells or recipient ones (Figure 1g).

In summary, keratinocyte transplantation could facilitate re-epithelialization to a certain extent
without skin appendages, while the achieved area predominantly comprised recipient cells rather

than transplanted ones.

Evaluation of reconstructed skin after grafting of skin of varying thicknesses
To determine the usefulness of grafting of skin of different thicknesses to ensure a skin surface with
a reduced number of gppendages, skin portions obtained from the back of GFP transgenic mice were

transplanted onto wounds created on the back of immunodeficient nude mice.

Mouse back skin dissected at the loose tissue layer was defined as a full-thickness skin graft. As a
split-thickness skin graft, the skin was thinned in two distinct thicknesses (10/1000 inch or 5/1000
inch) usng a drum-type Padgett dermatome (Figure 2a). Prior to transplantation, histological
assessment was conducted to confirm the characteristics of the three types of donor skin, using H&E
and DAPI staining. The full-thickness donor skin contained the epidermis, dermis, cutaneous muscle

(panniculus carnosus),”® **

underlying subcutaneous fat, and part of the muscle fascia The
10/1000-inch donor skin included the epidermis, dermis, and subcutaneous tissue, with the
cutaneous muscle, while the 5/1000-inch donor skin retained only the epidermis and dermis (Figure

2b).

On transplantation, a longitudinal incision was made on the mid-dorsal back of the nude mice and a
subcutaneous pocket was created. Processed graft was transplanted onto the fascia and secured with
5-0 nylon sutures. The wound on each nude mouse was then closed using the surrounding skin. The
covering skin was excised 5 days after transplantation and the subsequent changes of each of the
three types of grafted skin were evaluated in terms of appearance, engraftment area, and histology 5
weeks after transplantation (Figure 3a).

The appearance of the grafted skin exhibited apparent differences across the three types of
transplantations over the course of skin reconstruction (Figure 3b). With the full-thickness graft, in
general, the grafted skin turned whitish with black patches at 2 weeks, followed by a moderate
amount of growth of white and black hair. With the 10/1000-inch graft, the grafted skin turned black
at 2 weeks, followed by robust growth of black hair. Interestingly, the pigmentation occurred at
precisely 2 weeksin all mice. In contrast, the 5/1000-inch graft consistently lacked pigmentation and
showed little hair growth. It isimportant to note that the distribution of hair was not uniform. Some

areas demonstrated a complete absence of hair, while others exhibited some hair, albeit at alow
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density.

To examine the degree of grafted skin contraction, the grafted area was measured and compared at 2
and 5 weeks after transplantation (Figure 3c). With the area at the time of skin grafting being defined
as 100%, the areas of the full-thickness, 10/1000-inch, and 5/1000-inch grafts were reduced down to
83.8 + 2.26%, 84.3 + 13.7%, and 80.2 + 8.86% 2 weeks after transplantation, and then increased to
104.0 £ 4.1%, 99.2 + 3.2%, and 89.5 + 0.9% 5 weeks after transplantation, respectively.

To determine whether the grafted skin had been successfully transplanted or merely exhibited
re-epithelialization due to recipient tissue, and particularly to assess the decreased number of skin
appendages, histological assessments of reconstructed skin at 5 weeks were performed (Figure 4a).
While only DAPI staining was observed in the non-grafted areas, GFP was also visible in the grafted
areas, clearly delineating their boundaries. The hair follicles were moderately visible in the section
of full-thickness skin grafts. A large number of hair follicles were visible in the 10/1000-inch section,
while there was dight thickening of the fibrous tissue with minimal visible hair follicles in the
5/1000-inch section. For comparison, the number of hair follicles was determined for each skin
thickness (Figure 4b). For each thickness, hair follicles were first counted in five sections, each 5
mm in length, and the average was calculated. This process was repeated for three mice, and the
overall average number of hair follicles was determined. Additionally, the number of hair folliclesin
the full-thickness donor skin, which served as a control, was similarly determined. Full-thickness
sections had dlightly fewer hair follicles, with a mean of 424 + 12.9, compared with the
10/1000-inch sections and the control sections, which contained 63.2 + 9.46 and 69.7 + 15.8,
respectively, although these differences were not statistically significant. In contrast, 5/1000-inch
sections exhibited markedly fewer hair follicles, with a mean of 3.73 + 4.46 (P < 0.05). It should be
noted that the distribution of hair follicles in 5/1000-inch sections was not uniform, as observed
macroscopically. The histological areas exhibiting absolutely no hair follicles corresponded to the
macroscopically hairless areas, and the histological areas with some density of hair follicles

overlapped with the macroscopically hair-growing areas.

Finally, the usefulness of 5/1000-inch skin grafting for generating skin surfaces with a reduced
number of skin appendages was tested in orthotopic autologous transplantation (Figure 5a). The
autologous 5/1000-inch grafted skin consistently lacked pigmentation and showed little hair growth
a 5 weeks, comparable to the outcomes observed in alogeneic skin grafting (Figure 5b).
Histological assessment of reconstructed skin at 5 weeks revealed the presence of minimal skin
appendages with a dlight increase in dermal thickness, which was also consstent with the
characteristics of alogeneic skin grafting (Figure 5c).
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Discussion

In this study, we assessed methodologies for developing a mouse model with a reduced number of
skin appendages. The keratinocyte transplantation enabled a certain skin area without skin
appendages to be achieved, which could not be obtained by simple skin wounding. One important
aspect of this method is that no regeneration of skin appendages was confirmed, at least within the
period that we examined. If a relatively large area of skin completely lacking skin appendages is
needed, keratinocyte transplantation could be a good option with the assumption that the
regeneration of skin appendages over alonger period should be confirmed according to the needs of
the planned research. Additionally, it is noteworthy that most of the epithelialized areas obtained
were composed of epithelial cells derived from the surrounding recipient epithelium, rather than
from the transplanted cells. The method is not recommended when epithelium composed of
transplanted cells is required (e.g., human cell xenograft to evaluate the regenerative capacity of
human-derived cells), although exploring various cell transplantation conditions, such as
optimization of the number of transplanted keratinocytes, atering the transplantation medium, and

co-transplantation with mesenchymal cells, may enhance cell engraftment rates.

Meanwhile, skin reconstruction by skin grafting demonstrated sability and the feasibility of
extensive transplantation, enabling the production of skin with minima skin appendages
macroscopically and histologically when adjusted to 5/1000-inch thickness. The 5/1000-inch grafted
skin exhibited greater contraction than those of other thicknesses, but maintained approximately
90% of the original grafted area, ensuring an area sufficiently large for evaluating the regeneration of
skin appendages. The 5/1000-inch donor skin has a thin part of the dermis shaved off and does not
include the dermal papilla; therefore, less hair growth is observed. When harvesting donor skin, it is
essential to consider the phase of the hair cycle, which is categorized as anagen, catagen, and telogen.
The localization of hair follicles between cutaneous muscle and dermis as well as the thickness of
subcutaneous fat and dermis changes over the course of the hair cycle. The skin turns black in
anagen and pink in telogen.”” The telogen phase is divided into two distinct categories: refractory
telogen and competent telogen. During the refractory telogen phase, the presence of bone
morphogenetic proteins (BMPs) within the surrounding skin inhibits activation of the hair follicles,
preventing the onset of hair regeneration.22 Conversely, the absence of BMPs during the competent
telogen phase allows initiation of the anagen phase when Wingless-related MMTYV integration site
(WNT) is activated. A previous study showed that skin grafting, even in refractory telogen, can
achieve hair growth.23 Thus, donor skin in telogen, regardless of these two phases, has the potential
for hair regeneration and was harvested and evaluated in this study. One interesting finding is that all
grafted skin, especialy in the 10/1000-inch section with a high concentration of hair follicles,
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exhibited blackening and the emergence of hair 2 weeks after transplantation regardless of the timing
of the telogen phase of donor skin. This may indicate that the hair follicles across the grafted skin
underwent simultaneous anagen re-entry and multiple hair cycle areas reset into a single area, which
is recognized as trauma-caused anagen.24 This phenomenon can result from external factors such as
the expression of S100 proteins, Map3k5-dependent infiltration, and activation of peri-wound

macrophages. %

The anagen stage typically lasts 1-3 weeks. Thus, if hairs do not emerge in some
areas 3 weeks after transplantation, it is highly likely that the hair follicles are absent in the area.
This assumption is consistent with the results observed in the 5/1000-inch grafted skin 5 weeks after
transplantation, in which the histological areas devoid of hair follicles corresponded to the
macroscopically hairless areas. Although achieving complete hairlessness of the entire skin is
challenging, successful creation of completely hairless skin in some areas is relatively easy, so a
mouse model with skin grafting is considered to have high utility as an experimental model.
Furthermore, it was considered possible to apply this method to xenografts using human skin tissue,
although some adjustment of thickness could be necessary. Our recent study demonstrated that
transplantation of a specific type of epithelia cell (introduced with LEF1) and two types of
mesenchymal cells (introduced with FOXD1 and PRDM1, or with LEF1 and SHH), which were all
reprogrammed from subcutaneous mesenchymal cells of adult mice to mimic developing skin cells,

12,21, 8 This mouse

to a skin ulcer could lead to the formation of skin appendage-like structures.
model isintended to be used to assess the efficacy of introducing the genes involved to achieve hair

follicle regeneration.

In conclusion, to obtain skin with minimal skin appendages, a mouse model with keratinocyte
transplantation is advantageous when it is acceptable for the model to be created through allogeneic
transplantation and re-epithelialization is achieved by the surrounding epidermis rather than
transplanted cells. Meanwhile, a mouse model with skin grafting at a thickness of 5/1000 inch is
widely applicable due to the fact that the model can be created through autologous transplantation
and xenotransplantation, as well as allogeneic transplantation. These two mouse models of acquired
skin appendage dysfunction have the potential to serve as valuable research tools for the

development of novel treatments aimed at regenerating skin appendages.
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Figure legends

Figure 1 Evaluation of healed wound with or without keratinocyte transplantation

(a) Representative appearance of ulcers created by a 10 mm circular excison. By postoperative week
(POW)2, complete re-epithelialization was achieved. Red scale bar, 5 mm.

(b) Appearance of GFP-expressing keratinocytes on feeders at passage 2 from primary culture. Red
scale bar, 200 um.

(c) Schematic image of the experimental design of re-epithelialization with GFP keratinocyte cell
transplantation into a skin chamber on the back of nude mice. The silicone chamber was incised and
opened at POW1 and removed a POW2. Stereoscopic analysis was conducted after
re-epithelialization at POWA4.

(d) Representative appearance of ulcers following transplantation of GFP-expressing keratinocytes.
By POW4, complete re-epithelialization was achieved. Red scale bar, 5 mm.

(e) Representative appearance of GFP positivity after re-epithelialization. Thisindicated the presence
of previously transplanted keratinocytes. Red scale bar, 5 mm.

(f) The percentage of the areas of re-epithelialization and GFP-expressing keratinocyte engraftment.
The area of a 10-mm-diameter silicone chamber was considered 100% (baseline) (mean = SD; N=8).
(9) Representative histological images of the area of re-epithelialization using hematoxylin and eosin
(H&E) and DAPI staining. The presence of GFP expression in some epithelial cells indicated the
successful engraftment of donor GFP-expressing keratinocytes, although the portion was limited.
Orange scale bar, 2 mm; red scale bar, 200 pm.

Figure 2 Evaluation of donor skin of varying thicknesses

(a) Schematic image of experimental design for making donor skin. Back skin of a GFP transgenic
mouse dissected at the loose tissue layer was defined as a full-thickness skin graft. As a
split-thickness skin graft, the skin was thinned in two digtinct thicknesses (10/1000 inch or 5/1000
inch) using a drum-type Padgett dermatome.

(b) Representative histological images of donor skin using hematoxylin and eosin (H& E) and DAPI
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gaining. The full-thickness donor skin contained the epidermis, dermis, cutaneous muscle
(panniculus carnosus), underlying subcutaneous fat, and some of the muscle fascia The
10/1000-inch donor skin included the epidermis, dermis, and subcutaneous tissue, with the
cutaneous muscle, while the 5/1000-inch donor skin retained only the epidermis and dermis. Red

scale bar, 200 pm.

Figure 3 Macroscopic evauation of reconstructed skin after grafting of GFP-expressing skin of
varying thicknesses.

(8) Schematic image of experimental design of skin reconstruction by GFP-expressing skin grafting
on the back of nude mice. The 5/1000-inch and 10/1000-inch donor skin was prepared. A
longitudinal incison was made on the mid-dorsal back of nude mice and a subcutaneous pocket was
created. Either of the two previoudy described types of donor skin or full-thickness donor skin was
grafted onto the fascia. The wound on the nude mouse was then closed using the surrounding skin.
At postoperative day (POD)5, the covering skin was excised to expose the grafted area. Macroscopic
and histological evaluations were conducted at POWS.

(b) Representative appearance following grafting of GFP-expressing skin of each thickness. With the
full-thickness graft, in general, the grafted skin turned whitish with black patches at 2 weeks,
followed by growth of a moderate amount of white and black hair. With the 10/1000-inch graft, the
grafted skin turned black at 2 weeks, followed by robust growth of black hair. In contrast, the
5/1000-inch graft consistently lacked pigmentation and showed little hair growth.

(c) Changes in grafted skin area for each skin thickness. With the area at the time of skin grafting
defined as 100%, average changes in size at POW2 and POWS5 for each graft thickness are shown
(mean £ SD; *P < 0.05 for full thickness vs. 5/1000 inch, and 10/1000 inch vs. 5/1000 inch; N=3

each).

Figure 4 Histological evaluation of reconstructed skin after grafting of GFP-expressing skin of
varying thicknesses.

(a) Representative histological images of reconstructed skin using hematoxylin and eosin (H&E) and
DAPI staining. In the section of full-thickness skin grafts, the hair follicles were moderately visible.
A large number of hair follicles were visible in the 10/1000-inch section, while there was dight
thickening of the fibrous tissue with minimal visible hair follicles in the 5/1000-inch section. Orange
scale bar, 2 mm; red scale bar, 200 um; white arrow, the boundary between surrounding and grafted
sKin.

(b) The hair follicle count for each skin thickness. For each thickness, hair follicles were first
counted in five sections, each 5 mm in length, and the average was calculated. This process was

repeated for three mice, and the overall averages were determined. Additionally, the number of hair
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folliclesin full-thickness donor skin, serving as a control, was similarly quantified (mean = SD; *P <
0.05, **P < 0.01; N=3 each).

Figure 5 Evaluation of reconstructed skin after autologous 5/1000-inch skin grafting

(a) Schematic image of experimental design of skin reconstruction by autologous 5/1000-inch skin
grafting. The mid-dorsal skin of B6 mice was harvested, thinned to a thickness of 5/1000 inch, and
sutured at the same portion. On postoperative day (POD)5, the covering skin was excised to expose
the grafted area. Macroscopic and histological evaluations were conducted at POWS.

(b) Representative appearance following autologous 5/1000-inch skin grafting. The grafted skin
consistently lacked pigmentation and showed little hair growth at POWS5.

(c) Representative histological images of reconstructed skin at POWS5 using hematoxylin and eosin
(H&E) staining. Minimal skin appendages with a dlight increase in dermal thickness were observed.
Orange scale bar, 2 mm; red scale bar, 200 um; white arrow, the boundary between surrounding and
grafted skin.
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