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Abstract: The direction of microskin transplantation is difficult to control, and the survival rate is critically affected.
In this study, we show for the first time that survival rate of transplantation was improved by changing the direction
of microskin. A human split-thickness skin graft was prepared as microskin (size of 1 mm x 1 mm), and was trans-
planted onto a wound in nude mice. The effect of the orientation of microskin on the survival rate of transplants
was observed. The collagen membrane was first attached to the epidermal surface of pig skin, which was then
cut into microskin and then they were floated on physiological saline. The effect of the collagen membrane on the
orientation of microskin was observed. Then the microskin of pig with an epidermal surface attached to the colla-
gen membrane was transplanted to the wound of the pig, and the survival rate of transplants was observed. In the
2 34 and 4" week after transplantation of nude mice, the wound healing rate in group A (all of the microskin’s
epidermal surface was upward) was significantly higher than in other groups (P < 0.01). The floating rate and the
forward floating rate in the experimental group were significantly higher than those in the control group (P < 0.01).
Four weeks after microskin transplantation of pigs, the wound contraction rate in group A, compared with group
B, was significantly lower, and the wound healing rate was significantly higher (P < 0.01). In microskin grafting, the
direction of microskin significantly affects the survival rate of transplantation. The method of adhering the collagen
membrane to the epidermal surface of microskin may ensure complete floating of microskin on the physiological
saline with the epidermal surface facing up. This is a new method to improve the survival rate of microskin grafting.
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Introduction

Repairing of an extensive deep wound often
faces the problem of a shortage of autologous
skin [1]. Current methods for repairing a large
area of deep wound include cultured epithelial
autografts (CEA) [2], Meek technique [3], and
microskin grafting [4]. CEA requires less skin.
Theoretically, it can be amplified to 1000~
10,000 times. To a certain extent, this solves
the problem of lack of autologous skin. But
after many years of clinical practice, it be-
comes apparent that due to the lack of der-
mal tissue, the renascent skin can easily form
ulcers repeatedly, and scar hyperplasia and
contracture are obvious, which affect the
appearance and function. In addition, the cul-

turing time in vitro is rather long, thus it is diffi-
cult to repair the wound timely [5]. Meek tech-
nique is simple, time-saving, and has a good
appearance after wound healing [6-8]. The
maximum extensive ratio, however, is only 1:9
and the top dressing may provide an environ-
ment for growth of microorganisms [9].

Microskin grafting can be extended to 10~20
times, which makes full use of the limited
source of autologous skin. This has become the
main method to repair extensive deep wound
since birth [10]. However, it is difficult to con-
trol the direction and uniformity of microskin,
resulting in an unstable survival rate [10, 11].
Therefore, in this study, the effect of the direc-
tion of microskin on the survival rate of trans-


http://www.ijcep.com

Improving the method of microskin grafting

plantation was observed, and the survival rate
was significantly improved by changing the ori-
entation of microskin.

Methods and materials
Ethics statement

The animal studies were approved by the Ani-
mal Care and Use Committee of Naval Medical
University, and all of the protocols were
approved by the Ethics Committee of Changhai
Hospital, Naval Medical University, Shanghai,
China.

The effect of the orientation of microskin on
the survival rate of transplantation

Preparation of microskin: Ten groups of circular
blades were arranged in parallel with the blade
pitch of 1 mm, thus a roller cutter was made.
The skin was prepared into microskin (size of 1
mm x 1 mm) for one cross-cutting.

Microskin grafts in wounds of nude mice:
Eighty nude mice (provided by the animal
experimental center of Naval Medical
University) were used, 8 weeks old of age, male
or female, body weight 24~26 g. The full-thick-
ness skin with a diameter of 1.5 cm of the nude
mice was excised from the middle of the back
after routine disinfection. The mice were ran-
domly divided into group A (all of the microskin’s
epidermal surface was upward), group B (half
of the microskin’s epidermal surface was
upward and the rest was downward), group C
(the microskin’s epidermal surface was down-
ward) and group D (no microskin were trans-
planted). They were all transplanted with
microskin (fresh human foreskin, thickness of
0.2~0.3 mm, size of 1 mm x 1 mm, expansion
ratio of 1:10), covered with transparent silicone
membranes, then sutured and fixed [11]. In the
2nd 3 and 4" weeks after transplantation, the
wound healing condition was observed respec-
tively and the wound healing rates were calcu-
lated with transparent paper tracings combined
with computer-aided imaging system: the
wound healing rate (%) = (total wound area -
unhealed wound area) (cm?)/total wound area
(cm?) x 100%. Four weeks after transplanta-
tion, tissue specimens were cut for immunohis-
tochemical staining of HLA-class | to identify
the remainder of cells of human source, as well
as the Hematoxylin-Eosin (H&E) and Masson
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staining, to observe the cellular infiltration and
collagen arrangement.

Preparation and toxicity test of the collagen
membrane

Preparation of the collagen membrane: Flat-
fish skin was dissolved in the acetic acid (0.5
mol/L), salted out and centrifuged. The super-
natant was extracted collagen (the concentra-
tion was 90%). Then the supernatant was
poured into a container, and vacuum freeze-
dried to a collagen membrane [12]. H&E stain-
ing and scanning electron microscopy were
used to observe the structure of the collagen
membrane. The density and floating properties
were measured.

Toxicity test of the collagen membrane: A
human fibroblast suspension was prepared
into a concentration of 2 x 10* L%, and 200 ul
of the suspension was cultured per well in a 96
well plate, and incubated for 24 h. The original
culture medium was discarded when the cells
attached well. In the experimental group, the
collagen membrane extraction was added, and
the control group received added DMEM medi-
um containing 10% fetal bovine serum. The
CCK8 (Cell Counting Kit 8) was used for detec-
tion and the absorbance (OD value) at 450 nm
was measured. The relative proliferation rate of
cells was calculated as follows: relative prolif-
eration rate of cells (%) = OD value of day n/OD
value of day 1 x 100%.

Floating test of microskin

Two pieces of pig skin (thickness of 0.2~0.3
mm) and 1 piece of collagen membrane (size of
2.5 cm x 4.0 cm) were taken out. Meek gel was
sprayed on the epidermal surface of one of the
pig skin to attach it to the collagen membrane.
This was dried for 5 min and cut into microskin
(size of 1 mm x 1 mm). According to the con-
ventional floating method of microskin grafting
[13], microskin in both the experimental group
(microskin of pig with the epidermal surface
adhered to the collagen membrane) and the
control group (microskin of pig with the epider-
mal surface adhered to nothing) were respec-
tively and evenly dispersed in physiologic saline
with an area of 10 cm x 10 cm. The number of
microskins floating and positively floating (float
with the epidermal surface facing up) on the

Int J Clin Exp Pathol 2021;14(2):186-195



Improving the method of microskin grafting

physiologic saline was counted respectively.
The floating rate and the positive floating rate
were calculated as follows: the floating rate (%)
= the number of floating microskins/the num-
ber of total microskin x 100%. The positive
floating rate (%) = the number of positive float-
ing microskins/the number of total microskins
x 100%. The gauze was lifted, with microskin
left on it, then flipped with both hands. One
side of the gauze containing microskin was cov-
ered to the dermal surface of sheet alloskins
(size of 5 cm x 5 cm). We uncovered the gauze,
counted the number of microskins with the der-
mal surface facing up, and calculated the same
direction transfer rate: the same direction
transfer rate (%) = the number of microskins
with the dermal surface facing up/the number
of total microskins x 100%. The experiment
was repeated 20 times.

Microskin graft in wounds of pigs

Five Bama minipigs (provided by the experi-
mental animal center of Naval Medical
University) were used, weighing about 15 kg,
male or female. Their hair was cut after routine
disinfection. Split thickness skins were cut in
the center of the back and were respectively
prepared into microskin adhered to the colla-
gen membrane, pure pig microskin, and pure
collagen membrane microskin. After floating on
physiologic saline, they were all transferred to
sheet alloskins (size of 5 cm x 5 cm). Four piec-
es of the full-thickness skin (size of 5 cm x 5
cm) were cut on both sides of the back. Thus 4
wounds were formed. After adequate hemosta-
sis the wounds were randomly divided into
group A, group B, group C, and group D. Then
they were covered with alloskins respectively
containing microskin adhered with the collagen
membrane, pure pig microskin, pure collagen
membrane microskin, and no microskin (the
expansion ratio is 1:10). The wound healing
condition was observed respectively in the 2,
3" and 4" week after transplantation, and in
the 4" week the rates of wound healing and
wound contraction were respectively calculat-
ed with transparent paper tracings combined
with computer-aided imaging system: the
wound healing rate (%) = (total wound area -
unhealed wound area) (cm?)/total wound area
(cm?) x 100%, wound contraction rate (%) =
(total wound area - present wound area) (cm?3)/
total wound area (cm?) x 100%. A part of the
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tissue specimens was cut for H&E staining and
Masson staining to observe cell infiltration and
collagen arrangement.

H&E staining: After cutting into 10 ym sections,
deparaffinization and rehydration, the sections
were stained with hematoxylin, rinsed and
cleared in hydrochloric acid and alcohol. Then
the sections were rinsed with running water,
and the cytoplasm was dyed with eosin dye
solution. After dehydration, the sections were
sealed with neutral gum.

Masson staining: After soaking the paraffin
sections (10 um) in Bouin solution overnight,
they were rinsed with running water until they
were colorless. The sections were stained with
Celestine Blue and Mayer’s hematoxylin for 5
minutes, cleared with 1% hydrochloric acid and
alcohol, and rinsed with running water. Then
they were stained with Ponceau acid fuchsin
solution for 5-10 minutes and rinsed with dis-
tilled water. After 5 minutes of treatment with
1% phosphomolybdic acid aqueous solution,
they were stained directly with aniline blue for 5
minutes, 1% glacial acetic acid for 5 minutes,
and 95% alcohol multiple times. They were
placed in glue that was anhydrous alcohol
based, to xylene transparency, and sealed with-
neutral gum.

Immunohistochemical staining of HLA-class I:
After routine deparaffinization and hydration,
the sections were washed with PBS, blocked
with 3% methanol-H,0, solution, washed with
PBS, and then subjected to autoclave antigen
heat retrieval, washed with PBS again, and
blocked with normal goat serum at room tem-
perature. Primary antibody, 4°C was added
overnight. They were rewarmed at 37°C for 45
minutes, washed with PBS; secondary antibody
was added. They were washed at 37°C for 1
hour, washed with PBS, and color was devel-
oped with DAB. Slides were mounted and
checked on the microscope.

Statistical analysis

All data were statistically analyzed using SPSS
22.0 (SPSSInc., Chicago, USA), and the normal-
ity and homogeneity of variance were both test-
ed. The wound healing rate of nude mice and
the relative proliferation rate of cells were ana-
lyzed with Repeated Measurement Analysis of
Variance (RMANOVA), and at the same time
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Figure 1. Gross observations at 2, 3, and 4 weeks after transplantation of human microskin to full thickness skin
excision in nude mice. Group A: forward transplantation group, Group B: forward and reverse transplantation group,

Group C: reverse transplantation group, Group D: control group. 2 weeks after transplantation, the transplanted skin
was almost completely alive, with a clear outline of the fine microskin. 4 weeks after transplantation, the wound

i

completely transformed to epithelium.

Bonferroni test was used for pairwise compari-
son. The floating rate, the positive floating rate
and the same direction transfer rate were all
analyzed with t-test. The rates of wound healing
and wound contraction of pigs were analyzed
with One-Way Analysis of Variance (One-Way
ANOVA), and then the Bonferroni method was
used for pairwise comparison. Differences
were statistically significant when P < 0.05.

Results
Wound healing of nude mice

Nearly all of the microskins in group A survived
2 weeks after transplantation, and a visible
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clear microskin contour could be observed in
this group. The survival numbers of microskins
were relatively small in other groups. Four
weeks after transplantation, most of the
wounds in group A presented good epitheliza-
tion, while the healing area of other groups was
much smaller (Figure 1). In the 29, 3@ and 4"
weeks after transplantation, the wound healing
rates of group A was (54.75 + 3.05)%, (84.80 +
3.17)% and (94.80 = 2.78)%, respectively,
which were significantly higher than those of
group B ((44.85 + 2.76)%, (74.85 + 2.80)%,
(84.95 + 2.96)%), group C ((35.85 + 2.87)%,
(45.25 + 2.29)%, (55.90 * 2.00)%) and group D
(4.95 + 1.96)%, (14.85 + 2.06)%, (24.50 *
2.35)%) (P < 0.01) (Figure 2). Positive HLA-
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Figure 2. Comparison of wound healing rate of 2,
3, and 4 weeks after transplantation of human mi-
croskin to full thickness skin excision in nude mice.
Group A: forward transplantation group, Group B: for-
ward and reverse transplantation group, Group C: re-
verse transplantation group, Group D: control group.
The wound healing rates at each time point of for-
ward transplantation group were significantly higher
than those of other groups (**P < 0.01).

class | staining was observed in the basal layer
of the renascent skin, which proved that human
cells had taken part in the process of wound
healing (Figure 3). H&E staining showed that
the epidermal layer of the renascent skin in
group A was continuous, with a few inflamma-
tory cells, fibroblast infiltration and frequent
neovascularization. The epidermal layers of
other groups were discontinuous. Masson
staining showed that there were massive colla-
gen fibers in all groups, which were arranged in
order, with no significant difference (Figure 4).

Character of the collagen membrane

The collagen membrane was smooth, flexible,
and appropriate, with good shape, and the
thickness was about 0.3 mm. When placed in
physiological saline, it could completely float,
so the density ((42.76 + 0.13) kg/m?3) was less
than physiological saline. H&E staining showed
that the collagen fibers were connected into a
porous structure, and the mesh size was rela-
tively consistent. Scanning electron micro-
scope (SEM) showed that the pore size was
100 um~200 pm (Figure 5).

Toxicity test of the collagen membrane
The relative proliferation rates of cells in both

the experimental group and the control group
increased with extension of the culture time,
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and there was no significant difference bet-
ween the two groups (P > 0.05) (Figure 6).

Improvement of floating method of microskin

Microskin in the experiment group could com-
pletely float on the surface of saline with a
small amount resting underwater. The majority
of the epidermis was upward and the distribu-
tion was relatively uniform. There was less
microskin floating on the surface of saline in
the control group. When microskin had been
transferred to sheet alloskins, the majority of
the dermis was upward in the experimental
group, while it was downward in the control
group. Compared with the control group, the
floating rate ((95.05 * 2.09)%), the forward
floating rate ((91.25 + 2.88)%), and the same
direction transfer rate ((89.75 + 2.07)%) of the
experimental group were significantly higher
than those of the control group, all (P < 0.01)
(Table 1).

Wound healing condition of pigs

Four weeks after transplantation, no obvious
residual tissue of the collagen membrane was
found in all groups. The wound healing rate of
group A ((95.15 + 2.28)%) was significantly
higher than that of group B ((65.05 + 2.33)%),
group C ((30.00 * 2.53)%) and group D ((30.00
+ 2.90)%) (P < 0.01). The wound contraction
rate in group A ((12.45 £ 2.01)%) was signifi-
cantly lower than that in group B ((20.05 %+
2.11)%), group C ((29.50 £ 3.19)%), and group
D ((2.98 + 2.88)%) (P < 0.01). There was no sig-
nificant difference in the above indexes
between group C and group D (P > 0.05)
(Figures 6, 7). H&E staining showed that the
epidermal layer in group A was continuous, and
there was no formation of epidermal cysts in
the dermis and subcutaneous tissue. In group
B, epidermal islands were observed in the der-
mis and subcutaneous tissue, and were con-
nected with the epidermis, forming an obvious
epidermal cyst structure. Masson staining
showed that the collagen fibers in each group
were arranged in an orderly manner, with no
significant difference (Figure 8).

Discussion

Microskin grafting was first successfully appli-
ed clinically by Zhang et al. in 1986. Due to its
expansion ratio, microskin grafting became the
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Figure 3. HLA-class | (10 x) stained by immunohistochemistry. (A) normal nude mice skin, no positive staining, (B)
normal human skin, positive staining shown in basal cell layer (arrow), (C) nude mice full-thickness skin excision

wound transplantation of human microskin. 4 weeks after transplantation, new skin formed. Area “a” showed nor-
mal nude mice skin, area “b” was new skin. There was positive staining in the basal cell layer (arrow).

Group B

Group A Group D

Figure 4. H&E and Masson staining of the wound 4 weeks after transplantation of human microskin to full thickness
skin excision in nude mice. Group A: forward transplantation group, Group B: forward and reverse transplantation
group, Group C: reverse transplantation group, Group D: control group. H&E staining showed that the epidermis in
Group A was more continuous than other groups, with many inflammatory cells and fibroblast infiltration, and forma-
tion of new blood vessels. Masson staining showed that the collagen fibers were arranged regularly. There were no

significant differences between different groups.

main method of treatment for extensive burn
patients. Currently, it is still widely used in
China, which is one of the reasons for the high
success rate of the treatment of severe burns
in China [14-17]. In addition, microskin grafting
is also used for repairing wounds after resec-
tion of giant nevus, wounds after trauma and
extensive skin avulsion, and wounds of a chron-
ic skin ulcer.

In conventional microskin grafting, microskin is
floated in the physiological saline, transferred
to sheet alloskin, and then transplanted to the
wound. Orientation is one of the key points to
affect the survival rate of transplantation.
Microskin is a hexahedron. When transplanted,
it may have three orientations: positive trans-
plantation (with epidermal surface facing up),
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lateral transplantation (with epidermal surface
facing to one side), reverse transplantation
(with epidermal surface facing down). In theory,
microskins can survive only when they are
transplanted with the epidermal surface facing
up. Although Hackl et al. [18] and Singh [19]
have proven through animal experiments that
when the size of microskin is 0.8 mm x 0.8 mm
and 0.3 mm x 0.3 mm and , the direction had
no significant effect on the survival rate, this
remains controversial [17, 20]. However, the
smaller the microskins are, the lower the orien-
tation requirement. Part of the microskin may
be buried in the wound, and can obtain nutri-
tion from the wound in any direction. But the
survival rate is very low. Epidermal cysts may
form in the subcutaneous tissue or dermis, and
the renascent skin is also irregular, which seri-
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Figure 5. A: A collagen membrane is shown. The surface is smooth, the structure is compact, and it can float in the
physiological saline completely. B: Shows the collagen membrane with H&E staining (5 x): collagen fibers connect
with each other to form a porous structure, with basic uniform mesh size, arranged in an orderly manner. C: Scan-
ning electron microscope showed that the collagen fibers were irregular in size, and the pore size was 100 um~200
um.

ously affects healing quality. We also confirmed
that in nude mice when the size of microskin
was 1 mm x 1 mm, with an expansion ratio
1:10, the wound healing rate of positive trans-
plantation was significantly higher than that
of the lateral and reverse transplantation.
Orientation actually affects the survival rate of
microskin grafts.

A recent study showed that the epidermis of
split-thickness skin contains much total lipid,
and the hydrophobicity is high. Therefore,
microskin can float in the physiological saline
with the epidermal surface facing up. The
above principle ensured positive transplanta-
tion of microskin. However, a large number of
clinical applications showed that this method
would be affected by the skin thickness, size
and shape of microskin, and could not guaran-
tee that all microskin would float or that the
epidermal surface would completely face up.
In this study, we also observed that the floa-
ting rate of pure pig microskin was only 50%,
and the forward floating rate was less than
70%.
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Collagen is the main protein of the extracellular
matrix [21]. In recent years, fish scale-derived
collagen has been more widely applied in clini-
cal practice due to its abundant source, low
cost, and low risk of infectious disease [22].
The density of the collagen membrane we
made was (42.76 + 0.13) kg/m3, which was
much less than that of water. Thus it could float
completely on water and could be adhered to
the epidermal surface of microskin to increase
the floating performance. The forward floating
rate of collagen membrane + pig microskin was
above 90%, which could guarantee the forward
transplantation of microskin. Animal experi-
ments on pigs also confirmed that using colla-
gen membrane to change the direction of
microskin could improve the wound healing
rate. The method of using the collagen mem-
brane to change the direction of microskin
could significantly improve the survival rate of
microskin grafting, and the surface of the rena-
scent skin was smooth. Conversely, there was a
portion of microskin in the dermis and subcuta-
neous tissue using the conventional microskin
grafting, growing laterally and rin reverse. Cells
in the basal layer of microskin formed epithelial
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Figure 6. 2, 3 and 4 weeks of the wound surface after transplantation of autologous microskin to full thickness skin
excision in pig. At 4 weeks, no collagen membrane was found in the wound, and the wound was completely epithe-
lialized inthe collagen membrane and microskin group.

Table 1. Rate of floating, epidermal surface facing up and

dermal surface facing up

Uniformity is another important
factor affecting the survival rate of

Floating rate Forward floating Same direction
floating rate (%)

(%) rate (%)

microskin grafts. The wound heal-
ing with very fine microskin distri-

Experimental group 95.05+2.09 91.25+ 2.88
Control group 52.20+5.93 68.05+4.65
t 30.457 18.964
P 0.000 0.000

bution was better, and the wound

89.75 + 2.07

66.40 + 4.62 hfaali.ng Yvith Ies§ distr.ibutiop orno
20.635 distribution of fine microskin was
0.000 poor. There was at least one

t-test was used respectively.

islands which expended outwardly, connected
to the epidermis of the wound surface and
forming an epidermal cyst structure. In addi-
tion, the collagen membrane we made had no
cytotoxicity, and its degradation time was
appropriate. When the dressing was opened,
there was no residual collagen membrane, and
the extension and fusion of the skin were not
affected in all groups. In addition, the protein in
tilapia’s skin has been reported to promote
quick and effective wound healing [23].
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microskin per square centimeter
to ensure complete repair of the
wound in theory. It is still difficult
to guarantee the uniform distribution of mi-
croskin by using the method of floating on phys-
iological saline, and this needs further study.

Conclusion

In  microskin grafting, when the size of
microskin is 1 mm x 1 mm, expanding to
10 times, the direction of microskin can
significantly affect the survival rate of trans-
plantation. Adhesion of a collagen membrane
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Figure 7. Comparison of wound healing rate and shrinkage rate 4 weeks after transplantation of autologous mi-
croskin to a full thickness skin excision in pig. Group A: collagen membrane + micro-skin group, Group B: conven-
tional micro-skin group, Group C: collagen membrane group, Group D: control group. The wound healing rate of
Group A was significantly higher than those of other groups, while the wound contraction rate was much less than
in the other groups, **P < 0.01. The wound healing rate and contraction rate of the collagen membrane group had
no significant difference with the control group.

Group A Group B Group C Group D

Figure 8. H&E (5 x) and Masson (5 x) staining 4 weeks after transplantation of autologous micro-skin to full thick-
ness skin excision |n pig. Group A: collagen membrane + micro-skin group, Group B: conventional micro-skin group,
Group C: collagen membrane group, Group D: control group. H&E staining showed that the epidermal layer of Group
A was continuous, and the subcutaneous tissue and dermis had no epidermal cyst formation. Obvious epidermal
cyst-like structures (arrow) formed in Group B. Masson staining showed that coarse collagen fibers were arranged
regularly in all groups, and no significant difference was found.

to the epidermal surface of microskin can Disclosure of conflict of interest
ensure that the microskin floats completely on
the physiological saline with the epidermal sur- None.

face facing up. Thus this provides a new meth-
od to improve the survival rate of microskin
grafting.
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