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Background: The use of cultured epithelial autografts for the treatment of extensive
burn wounds has become popular in recent years. We examined extensive
burn wounds in 14 patients by using a combination of autograft and cultured
epithelial autografts developed in Japan (JACE).

Methods: We undertook a skin biopsy at 2, 4, and 6 weeks after transplantation with
JACE. By using electron microscopy we observed the engraftment process.
Results: In transmission electron microscope findings, we recognized the engraft-
ment process of JACE. Keratinocytes matured gradually. Collagen fibers formed
thick bundles in the dermis layer. In scanning electron microscope findings, we
observed papillary dermis development on the artificial dermis.

Conclusions: After managing wound bed preparation by using artificial der-
mis, we were able to recognize the good result of grafting JACE on meshed 6:1
split thickness autografts. This is because the auto dermis from autograft ex-
tended under the JACE, binding between JACE, and the dermis became strong.
(Plast Reconstr Surg Glob Open 2016;4:e870; doi: 10.1097/GOX.0000000000000838;
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atients with massive burns need many clinical treat-

ments including burn resuscitation, cardiovascular,

respiratory, renal support, nutritional support, in-
fection control, pain management, and surgery. The ad-
vancement of medical treatments contributes to improve
survival rates."? Methods for handling burn wounds have
changed in recent decades. Cultured epithelial autografts
were used clinically for the first time in the early 1980s.
Since a report in 1984 described that extensively burned
children recovered with the use of cultured epithelial au-
tografts, the usefulness of Green-type cultured epithelial
autografts has become widely known.*® The use of cul-
tured epithelial autografts for the treatment of extensive
burn wounds has now become popular.®?
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In Japan, the cultured epithelial autograft devel-
oped in Japan (JACE) was accepted as a health insur-
ance adaptation starting on January 1, 2009. JACE was
the first tissue-engineered skin substitute using human
cells and human cell organization used in Japan.'' On
the other hand, the cultured epithelial autograft devel-
oped in the United States (EPICEL) has been used in
the United States since 1988. It is a Green-type autolo-
gous cultured epidermis and is recognized as the first
tissue-engineered medical product in the world.'? After
20 years, JACE was developed and is also a Green-type
autologous cultured epidermis. However, this was not a
late-coming version of EPICEL because the process of
manufacturing it is different.

We examined the medical treatment of severely
burned patients.” They were implanted with artificial
dermis so as to reconstruct the dermis and grafted with
JACE on meshed 6:1 split thickness autografts. Surgical
results were very good; the skin was soft and did not peel
off. After JACE transplantation, we performed a skin bi-
opsy. With the use of electron microscopy, we observed
the engraftment process. The purpose of this article is to
report the observation of structural changes in the der-
mis components during the cultured epithelial autograft
engraftment process.

Between May 2010 and January 2015, 14 burn
patients were enrolled in this study. All necessary medical
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equipment was readily available for burn treatment in this
hospital. Physicians specialized in critical care, anesthesi-
ologists, and nurses were in the intensive care unit on a
24-hour basis, and plastic surgeons were taking charge of
the operation.

Data were reviewed for the following details: gender,
age, cause, inhalation injury, percent of total body surface
area, result, operation times, percent of cultured epithe-
lial autograft graft take, and length of stay (Table 1).

All 14 patients, 9 men and 5 women, were aged from
20 to 85 years with a mean age of 57.2 years. The mecha-
nism of burn injuries was 12 flame burns, 1 chemical burn,
and 1 scald. All patients underwent primary and general
care in the intensive care unit. Respiration unit manage-
ment was launched for 9 inhalation injury patients.

Adaptation of cultured epithelial autografts was dis-
cussed with all patients within 1 day of admission. JACE was
ordered from the J-TEC company (Aichi, Japan) after con-
sent was received from the patients’ families. We harvested
full thickness normal skin from unburned areas within 48
hours. A 10-cm? specimen of unburned tissue was obtained.
We were able to use JACE 3 weeks after harvesting this.

All patients received surgical treatment with tan-
gential excision or avulsion within three days from ad-
mission, and all necrotic tissue was removed within 1
week. We implanted artificial dermis immediately after
we finished debridement. After artificial dermis was im-
planted, dressings were applied with Vaseline petroleum
jelly and Trafermin (Fibrast, Kaken Pharmaceutical Co.,
Ltd., Tokyo, Japan) every day to construct a wound bed
(Fig. 1A, B).'"*'® These were applied with meshed 6:1 split
thickness autografts onto the recipient wound bed and
covered with JACE (Fig. 1C). After implanting JACE, we
followed the protocol described by Sood et al'® of cul-
tured epithelial autograft dressings. In the immediate
postoperative period, the grafted areas were left open
to air 4 hours each day to allow the JACE grafts to dry.
Takedown, removal of the silicone gauze from the JACE
graft, generally occurred 1 week after placement of the
grafts (Fig. 1D). Dressings were applied with Vaseline pe-
troleum jelly after takedown, and the grafted areas were
exposed to air daily for 1 more week. Trafermin was used
on the other areas while raw surfaces rested. Almost all
wounds were closed within 3 to 4 weeks.

Table 1. Patient Information and Results
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The percent of total body surface area burns in this
study group ranged from 31.5% to 70%, with a mean of
45.6%. The overall survival rate in this study group was
85.7% (12 of 14 patients). Patients underwent operations
2 to 7 times, with a mean of 4.0 times. The take rate of the
JACE sheets was 30% to 95%, with a mean of 74.6% 4 weeks
post operation. The length of stay in hospital was 71 to 147
days, with a mean of 104.9 days, excluding 2 mortalities.

Eight patients were reviewed more than 2 years after
being grafted with JACE. Almost all of these patients were
on a good course. We did not recognize any complications
of scar contracture and peeling skin. The transplanted skin
had become soft enough to be able to pick (Fig. 1E, F).

We undertook a skin biopsy at 2, 4, and 6 weeks after
transplantation of JACE for patient number 6 and patient
number 13 (Fig. 2). In the area of biopsy, there was a dermis-
like tissue with artificial dermis on the bottom. We recognized
the autograft on both ends. We used a transmission electron
microscope (TEM) to observe patient number 6. The sam-
ples of tissues for TEM were fixed in 0.1 mol/L phosphate
buffered 2% glutaraldehyde and subsequently postfixed in
2% osmium tetroxide for 3 hours in the ice bath. Then, the
specimens were dehydrated in graded ethanol and embed-
ded in the epoxy resin. Ultrathin sections were obtained us-
ing an ultramicrotomy technique. Ultrathin sections stained
with uranyl acetate for 10 minutes and modified Sato’s lead
solution'” for 5 minutes were submitted to TEM observation
(JEM-1200EX, JEOL, Tokyo, Japan). We then observed pa-
tient number 13 by scanning electron microscope (SEM).
We macerated epithelium by the alkali water cell-maceration
method. The details were as follows: these samples of tissues
for SEM were fixed in 0.1 mol/L phosphate-buffered 2%
glutaraldehyde and subsequently postfixed in 2% osmium
tetraoxide for 3 hours in the ice bath after alkali hydromac-
eration by 2N NaOH for 7 days. Then, the specimens were
dehydrated in graded ethanol and CO, critical point dried.
Dried specimens were coated by osmium plasma ion coater
and were submitted to SEM observation (JEM-6320F, JEOL).

TEM Findings

Two weeks after grafting, we biopsied the skin of pa-
tient number 6. At first, we observed the upper surface at
each end of the specimen. This was an autograft and con-

Inhalation % Total Body Operation % Cultured Epithelial
No. Sex Age Cause Injury Surface Area Result Times Autograft Graft Take Length of Stay
1 Male 46 Flame - 54 Living 4 90 120
2 Male 75 Flame + 58 Deceased 3 -
3 Male 62 Chemical - 70 Living 2 80 71
4 Male 60 Flame + 40 Living 3 80 138
5 Female 20 Flame + 37 Living 4 70 82
6 Female 45 Flame + 45 Living 7 90 95
7 Male 58 Flame + 45 Living 5 70 126
8 Female 85 Scald - 64 Living 6 80 114
9 Male 63 Flame + 40.5 Living 4 95 116
10 Male 55 Flame + 48 Deceased 3 —
11 Male 46 Flame - 37 Living 3 50 74
12 Male 56 Flame + 31.5 Living 4 30 147
13 Female 54 Flame - 33 Living 4 80 76
14 Female 64 Flame + 35.5 Living 4 80 100
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Fig. 1. A, Flame burn patient, percent of total body surface area of 45, first day. B, Two weeks after debridement and artificial dermis graft.
C, Meshed 6:1 split thickness autografts were applied on the recipient wound bed and covered with JACE. D, A week after JACE graft. E,
Two years after operation. F, We showed persistent skin covering. The skin was soft enough to pinch.
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Fig. 2. We undertook a skin biopsy at 2, 4, and 6 wk after transplanta-
tion of JACE. In the area of biopsy, there was a dermis-like tissue with
artificial dermis on the bottom. We recognized the autologous skin
graft on both ends.

trol finding (Fig. 3). In the upper half of the figure, there
was abundant keratinocyte. We also recognized thick
desmosomes between the keratinocytes. Basement mem-

brane was observed in the lowest layer of keratinocytes.
Under the basement membrane, various thicknesses of
collagen fibers were oriented in various directions. These
collagen fibers formed the dermal layer.

In the center of the same specimen, there were kerati-
nocytes made of JACE above and there was a dermis-like
tissue made of artificial dermis below (Fig. 4A). Compared
with the control, the keratinocytes were thin and flat with
desmosomes being fewer and narrow. The density of the
dermal layer was low. At high magnification, the basement
membrane was incomplete (Fig. 5A). Collagen of the der-
mis layer was thin and short.

Four weeks after grafting, we biopsied from the same
patient. We observed the center of the specimen (Fig. 4B).
There were various forms of keratinocytes. Desmosomes
had become thicker and the number had increased. At
high magnification, the basement membrane was com-
plete (Fig. 5B). Collagen fibers had become thick and
were longer. Type VII collagen anchoring to the basement
membrane was also observed.

Six weeks after grafting, we undertook a third skin bi-
opsy. We observed the center of the specimen (Fig. 4C).
Both keratinocytes and the dermal layer were almost the
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Fig. 3. Transmission electron microscope findings of autograft. Kera-
tinocytes were located in the upper part. Dermal layer was located in
the lower part. We recognized a lot of thick desmosomes between the
keratinocytes (right arrows). Basement membrane was observed in
the lowest layer of keratinocytes. In the dermal layer, various thickness
collagen fibers were oriented in various directions (small arrowheads).

same as the control. At high magnification, the basement
membrane was also completely connected (Fig. 5C). The
basement membrane was recognized clearly. Collagen fi-
bers were thick and facing various directions.

SEM Findings
Two weeks after grafting, we biopsied the skin of pa-
tient number 13. After epithelium was macerated by the
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alkali water cell-maceration method, we were able to con-
firm the dermal-like tissue made of artificial dermis at the
bottom and confirmed autodermis at both ends (Fig. 6A).
On the upper surface of both sides, there were a lot of
concaves and convexes and these were papillary dermis.
At high magnification, both ends of the papillary dermis
extended toward the center of the top of the dermal-like
tissue (Fig. 6C).

Four weeks after grafting, we performed a second
biopsy on this patient. New networks of collagen fi-
bers continuing from the papillary dermis were cross-
linked from both ends and covered all dermal-like
tissue (Fig. 6A). When observed at high magnification,
collagen fiber bundles appeared narrow, coarse, and
had a low density in the dermis-like tissue. However,
collagen fiber bundles that connected to the papil-
lary dermis were thick, fine meshed, high density, and
appeared the same as the autodermis. So JACE had
adhered to the collagen fiber bundles that extended
from the autodermis.

Six weeks after grafting, we took a third skin biopsy. On
the upper surface of the specimen, irregularities similar to
papillary dermis were observed (Fig. 6C). The structure
of the dermis-like tissue appeared almost the same as au-
todermis.

In each of the specimens observed by TEM and SEM,
the degree of maturation was almost the same.

In 1963, Todaro and Green'® found 3T3 cells from
mouse embryo cells. In 1975, Rheinwald and Green'
described the technique of cultivating autologous kerati-
nocytes for autografting. In 1986, Cuono® described that
the dermal layer of allograft could be used as a wound bed
preparation for cultured epithelial autografts. Sood et al'®
suggested the use of cryopreserved cadaver allograft to
prepare the wound bed. They needed operations every
3 to 5 days to change an insufficient allograft into a new
allograft.'® The average final take rate was 72.7%.

}‘.:f:)'“

Fig 4. A, Two weeks after grafting. There were keratinocytes made of JACE above, and a dermis-like tissue made of artificial dermis below.
Keratinocytes were thin and flat. Desmosomes were fewer and narrow (small arrowhead). The density of the dermal layer was low. B,
Four weeks after grafting. There were various forms of keratinocytes. Desmosomes became thicker, and the number has increased (right
arrows). C, Six weeks after grafting. Both keratinocytes and dermal layer were almost the same as autografts. There were a lot of desmo-
somes (small arrowheads). The density of the dermal layer was very high.
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Fig. 5. A, Two weeks after grafting. The basement membrane did not
connect (small arrowheads). Collagens of the dermis layer were thin
and short (right arrows). B, Four weeks after grafting. The basement
membrane is recognized under all keratinocytes (right arrow). Col-
lagen fibers became thick and were longer. Type VIl collagen was
observed between the basement membrane and the collagen of
the dermis layer (small arrows). Type VIl collagen played a role of the
anchor. C, Six weeks after grafting. Basement membrane was rec-
ognized clearly (right arrow). A lot of collagen fibers were thick and
facing various directions (small arrowheads).

In Japan, there were no sufficient cryopreserved cadav-
er allografts; therefore, we managed the wound bed using
artificial dermis instead of allografts. There are three types
of artificial dermis available for use: Terudermis (Olympus
Terumo Biomaterials Corp., Tokyo, Japan), Pelnac (Gunze
Corp., Tokyo, Japan),*-* and Integra (Integra Life Scienc-
es Corporation, Ibafaki, Japan). Almost all of the wound
bed was covered with a fine tissue-like dermis in 2 weeks
using Trafermin every day after we implanted the artificial
dermis. Meshed 6:1 split thickness autografts were placed
onto the recipient wound bed under the JACE. The epi-
dermalization was almost complete within 3 to 4 weeks.
Braye et al** described that the combination of autograft
and cultured epithelial autografts appeared effective in a
retrospective study. The average final take rate was 84%
(+12), which was similar to our result. The postoperative
care followed the protocol described by Sood et al.'®* We
used Trafermin until almost all wounds were closed. Tra-
fermin has also proved effective as an early cure.'*'

However, disappointing results with cultured epithe-
lial autograft grafts were also reported.” Manufacturing

Cultured Epidthelial Autograft Engrafment Process

the cultured epithelial autograft sheets was costly and
time-consuming. Cultured epithelial autografts were
also poorly resistant to infection.? Even if the cultured
epithelial autografts were engrafted, long-term dura-
bility was not provided.” When we used the cultured
epithelial autografts for the first time, we had a similar
experience.” However, after meshed 6:1 split thickness
autografts were placed onto the recipient wound bed un-
der the JACE, the majority of the skin did not peel off.
Initially, it seemed that only mesh was engrafted. We did
not know how to find out whether cultured epithelial au-
tografts were engrafted. Because we could not distinguish
between autograft and the cultured epithelial autografts
histopathologically, we chose to observe the tissue with an
electron microscope.

We undertook skin biopsies at 2, 4, and 6 weeks after
transplantation of JACE. We observed the engraftment
process of JACE. Around the keratinocytes, desmosomes
gradually increased and became thicker (Fig. 3). We con-
firmed the process of maturation of JACE. Desmosomes
reached almost the same form as the autograft after 6
weeks (Fig. 3). After 2 weeks, the basement membrane was
observed as still sparse (Fig. bA). However, after 4 weeks, it
was completely continuous under all of the keratinocytes
(Fig. 5B). Compton et al® reported that the dermal-epi-
dermal junction was complete within 3 to 4 weeks. An-
choring fibrils, type VII collagen, tethered the basement
membrane and the dermis. After 2 weeks, very thin an-
choring fibrils were tethered to the basement membrane
from the dermis (Fig. 5A). Anchoring fibrils became
gradually thicker. After 6 weeks, they became similar in
form to the autograft (Fig. 5B). Mommaas et al* reported
that type VII collagen was first observed on the lower part
of lamina densa at day 11 and steadily increased, reach-
ing normal values 5 weeks after grafting. Density of the
collagen amount gradually increased in the dermis layer
(Fig. 5). Collagen fibers became wider and longer. After
6 weeks, they became almost the same density as the auto-
graft (Fig. 3).

We focused on the boundary of the autograft and JACE
(Fig. 7). In the image after 4 weeks, we could distinguish
the difference between autodermis and the artificial dermis
in the dermis layer (Fig. 3). Density of the collagen fibers in
the autodermis was higher. We found a clear boundary of
many layers and fewer layers in the epidermis. Fewer layers
were keratinocytes from JACE. However, autologous dermis
was under the JACE; we therefore assumed autodermis was
extended. Yamamoto et al*® proposed the epithelialization
unit. They experimented with ulceration of the rat. Skin ul-
cer was healed immediately. They observed epidermis, base-
ment membrane, and papillary dermis development on the
granulation surface accompanying epidermal migration.
Their healing process was similar to our cases. Autograft
was engrafted on the burn wound and we recognized epi-
dermal migration by JACE.

In the SEM, it was observed that papillary dermis migrat-
ed toward the central portion after 2 weeks (Fig. 6C). After
4 weeks, papillary dermis led and made 1 layer (Fig. 6A).
After 6 weeks, artificial dermis was mature, and the bound-
aries of autoreticular dermis and the artificial dermis were
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Fig. 6. A, Scanning electron microscope findings. Two weeks after grafting. Because the epithelium disappeared, we were able to observe
the structure of the dermis layer. At both ends, we recognized papillary dermis (small arrowheads). The uneven surface formed a rete ridge.
B, Two weeks after grafting. Both ends of the papillary dermis were extended toward the center of the top of the dermal-like tissue (right
arrow). C, Four weeks after grafting. New network of collagen fibers continuing from the papillary dermis were cross-linked from both
ends and covered all dermal-like tissue (small arrowheads). D, Six weeks after grafting. On the upper surface of the specimen, irregularities
similar to papillary dermis were observed (small arrowheads). The structure of the dermis-like tissue was almost the same as autodermis

(right arrow).

Fig. 7. Four weeks after grafting. This was the boundary of the auto-
graft and JACE. We found a clear boundary of many layers and fewer
layers in the epidermis (dotted line). The density of the dermal layer
was the same under both keratinocytes. We hypothesized dermis
extension (right arrow).

lost (Fig. 6C). In our cases, mature papillary dermis existed
under JACE, and anchoring fibrils were also matured. JACE
was able to cover burn wounds permanently. Because not
only autodermis was extended but also the artificial dermis
was mature, the skin became soft enough to pinch.

The advantages of combining JACE and meshed auto-
graftincluded a high engraftment ratio and softness of the
skin. If only the autodermis was extended, we could use

6

the combination of JACE and autodermis without auto-
epidermis. We could harvest the skin twice in 1 operation
at a thick dermis part such as the back. In the future, we
are going to continue to perform the above method and
observe the engraftment process.

CONCLUSIONS

JACE is one of the cultured epithelial autografts. Al-
though we managed wound bed preparation by using ar-
tificial dermis instead of cryopreserved cadaver allograft,
we were able to recognize the good result of grafting JACE
on meshed 6:1 split thickness autografts. We observed the
engraftment process by TEM and SEM. This showed us
that the autodermis from autograft extended under the
JACE, and binding between JACE and the dermis became
strong. JACE was able to cover burn wounds permanently
and the skin became soft enough to pinch. If we could
succeed using the combination of JACE and meshed auto-
dermis, the strategy of burn surgery should be expanded.

Minoru Hayashi, MD, PhD

Red Cross Maebashi Hospital

Department of Plastic, Reconstructive and Aesthetic Surgery
3-21-36 Asahi-cho, Maebashi-shi

Gunma, 371-0014, Japan

PATIENT CONSENT
All content and procedures described within conform to the
principles outlined in the Declaration of Helsinki. All patients or
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