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Abstract

Background. Keratinocyte transplantation is an adjuvant procedure in the extensive burn therapy method.
However, it must be taken into consideration that clinical results of keratinocyte transplantation are ambiqu-
ous and progress achieved in this method is still being verified, especially due to the high cost of cultured
epithelial autograft (CEA) transplants.

Objectives. The aim of this study was to verify the impact of cultured keratinocyte application on pa-
tients” survival. This study included a group of patients with the highest chance for a successful outcome
of the therapy and excluded patients with no compelling reason to apply for such an expensive therapy.

Material and methods. This study included all the patients with burns diagnosed between January 1,
2008 and January 1, 2016, who were treated with cultured skin cells. Patients’ age and gender, percentage
of total body surface area (TBSA) affected, percentage of burn depth of the 3/4™ degree, number of days
between admission and surgery, and need for rehabilitation were analyzed.

Results. The cultured cell application did not significantly affect the risk of death (p > 0.05).

Conclusions. Keratinocytes should be applied as an adjunctive method for the treatment of burns with
at least 409 TBSA affected, but with a maximal burn depth ofthe 2 degree. In the group of patients below
50years of age, a higher number of transplants with a cell population above 20 million/mL and a significantly
lower mortality rate were observed, which means that in the mentioned age group, this graft was more
effective. It has been suggested that patients older than 50 years of age with burns deeper than of the 2"
degree should be treated with more advanced methods like, e.g., the application of stem cells.
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Introduction

During the last decades, the methods of managing burns
have changed.!”® The early excision of necrotic tissue
and wound closure with autologous, split-thickness skin
graft (STSG) are now the basis of treatment.*~° In the case
of extensive burns, donor site access is limited. Keratino-
cyte transplantation is an adjuvant procedure in the ex-
tensive burn therapy method.! Using cellular epithelial
autografts (CEA) in burns treatment has recently also
become more popular.” This technique provides the abil-
ity to obtain a high volume of cultured epithelial cells from
a skin punch biopsy within 3-4 weeks.8 Cell transplanta-
tion increases wound healing by providing 1-stage cover-
age of extensive skin loss, thereby reducing the number
of necessary surgeries.” However, it must be taken into
consideration that clinical results of keratinocyte trans-
plantation are ambiguous and progress achieved since
Rheinwald and Green’s era, when they described keratino-
cyte culture technique for the first time, is still being veri-
fied, especially due to the high cost of CEA transplants.!?
It has been proven, for instance, that a positive result
of this therapy is related to the cell donor’s age.'® Among
other limitations of this method, there is the long waiting
time for cultured skin components, as well as the sus-
ceptibility of the cell culture to infections.!! The discrep-
ancy between the observed therapeutic effects is puzzling.
Still et al. suggested that keratinocyte application gave
a disappointing clinical effect.!? Desai et al. observed hy-
perkeratosis and formation of scar contractures as an af-
ter-effect of the cellular therapy.!®

The aim of this study was to verify the impact of cul-
tured keratinocyte application on patients’ survival, based
on an analysis of a group of burn patients with cell trans-
plants, in relation to the mean number of deaths among all
patients and to the selection of predictive factors related
to the risk of death in patients treated with CEA. This
study would then allow us to select a group of patients with
the highest chance for a successful outcome of the therapy
and to exclude patients who do not have a compelling rea-
son to apply for such an expensive therapy.

Material and methods
Cell culture

Keratinocytes and fibroblasts were collected from living
donors who signed informed consent forms for autologous
skin transplantation. A small skin fragment was collected
under operating theater conditions. Then, in aseptic rooms
with laminar flow cabinets, cells were isolated in accordance
with Good Manufacturing Practice (GMP) standards (our
laboratory has the manufacturing approval issued by GMP).
Firstly, the epidermis was separated from the dermal
layer by using the 2.4 U/mL disphase enzyme (Corning,
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Tewksbury, USA). The incubation in the enzyme lasted
about 60 min (at 37°C). Later, singular keratinocytes were
digested from the dermis by incubation in an enzymatic
solution at 37°C for 5 min, using TrypLE (Gibco; Thermo
Fisher Scientific, Waltham, USA). The culture medium
was used for enzyme inactivation. Then, cell suspension
was centrifuged for 10 min at 1500 rpm. A cell pellet was
suspended in the keratinocyte growth medium Keratino-
cyte Serum-Free Growth Medium (KSFM) (Gibco; Thermo
Fisher Scientific) and seeded into 75 cm? culture bottles
(Sarstedt AG & CO, Niimbrecht, Germany). The dermis
was placed on a Petri dish (Thermo Fisher Scientific), filled
with the TrypLE solution, and then incubated for 10 min.
After incubation, the enzyme was inactivated and added
to Dulbecco’s Modified Eagle Medium (DMEM) (Cytogen,
Princeton, USA). Established cultures of skin cells were
placed in an incubator at a constant temperature of 37°C,
5% concentration of CO, and 95% humidity. The cell culture
was immersed in the medium, which was changed approx.
every 48 h, and the growth of the colony was monitored.
After reaching 80% confluence, the cells were passed us-
ing TrypLE. Before the transplantation procedure, the cells
were counted and their viability was tested using the Tali®
Dead Cell Red Kit on Tali® Image-Based Cytometer (Life
Technologies, Carlsbad, USA). The analysis was performed
in accordance with the manufacturer’s protocol.

Population analysis and data collection

This study included all the patients with burns diagnosed
between January 1, 2008 and January 1, 2016, who were
treated with cultured skin cells. The study was carried
out at the Dr Stanistaw Sakiel Centre for Burns Treatment
in Siemianowice Slaskie (Poland). The data of burn patients
had been collected until the end of their hospitalization
period and stored using the Solmed computer software
(SPIN Sp. z 0.0., Katowice, Poland), as well as in the Labo-
ratory of in vitro Cell and Tissue Culturing with Tissue
Bank, localized at the Dr Stanistaw Sakiel Centre for Burns
Treatment in Siemianowice Slaskie, Poland. To create
and encode the database, we used Microsoft Excel 2007
(Microsoft, Redmond, USA).

Analyzed parameters

Patients’ age and gender, percentage of TBSA affected,
percentage of burn depth of the 34/4" degree, number
of days between admission and surgery, and need for re-
habilitation were analyzed.

The analysis included 81 patients diagnosed with ther-
mal burns (Table 1) who were treated with autologous
skin components. Within this group, 86% patients were
male. The control group included 3,919 patients with ther-
mal burns, hospitalized at the Dr Stanistaw Sakiel Centre
for Burns Treatment in Siemianowice Slaskie, in the same
period. The age of the patients admitted to hospital
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and the patients who underwent cell trans-
plantation was not significantly different;
however, there was a difference in their burn
surfaces (p < 0.01). Most of the patients with
cultured cells had burns covering 40-79%
TBSA (59% of the patients), whereas among
the admitted patients, burns with up to 39%
TBSA dominated (75% of the patients). Pa-
tients with cultured cells later underwent
a necrotic tissue demarcation procedure,
mainly due to the larger size of the burn sur-
face, which required a longer hemodynamic
stabilization of those patients.

Statistical analysis

The STATISTICA v. 12 (StatSoft Inc., Tul-
sa, USA) program was used. For the analysis
of variances, Cox’s proportional hazard mod-
els were constructed. The model assumptions
were checked by the Schoenfeld residuals
analysis. If the assumption of proportional
hazard was not fulfilled, the variance proved
to be linearly time-dependent. The goodness
of fit was evaluated by Akaike’s Information
Criterion (AIC). The model with the best
statistical fit was selected (AIC = 65.48).
To compare the group of patients who un-
derwent autologous keratinocyte transplan-
tation with the total number of hospitalized
patients, the Mann-Whitney U test was used
for both groups. The assumption of normal
distribution was analyzed by the Shapiro-

Table 1. Description of 81 burn patients treated with autologous cell transplants compared
to all patients hospitalized due to thermal injury between 2008 and 2015

Grouping descriptive

CEA-graft group

Non-CEA graft

group

Difference

between

parameters
Age [years], mean +SD 411 £14.7
TBSA affected [%]
0-19 12
20-39 26
40-59 31
60-79 28
>80 2
Burn depth of the 3/4™h
degree [%]
0-9 41
10-19 23
20-29 14
30-39 16
>40 6

Number of days since
admission to the ward

for the 15t necrotic tissue STRYERiY
demarcation, mean +SD
Gender, n [%)]
female 11 (14)
male 70 (86)
Death, n [%)]
yes 10 (12)
no 71(88)
Need for rehabilitation, n [%)]
yes 22(27)
no 59 (73)
Total number of days 799 4448

of hospitalization, mean +SD

453 £16.9

N Oy
wu O

N MO

37
26
12
12
13

8.0+£8.1

999 (25)
2919 (75)

556 (14)
3,362 (86)

542 (14)
3,376 (86)

26.5+253

the 2 groups

p>005

p < 0.0

p>005

p <0.01

p=0.015

p > 0.05

p=0014

p<0.01

SD - standard deviation; TBSA — total body surface area; CEA - cellular epithelial autografts.

Wilk normality test. The x? test was used to compare
frequency distribution. The statistical significance ob-
tained was o = 0.05. Furthermore, the relative risk reduc-
tion (RRR) for number of deaths was compared:

RRR = % - T

c zk
where:
n, — total number of patients in the CEA group;
ny— total number of patients in the control (non-CEA)
group;
z, — event rate in the CEA group (number of deaths);
zx — event rate in the control group (number of deaths).

Results

The analysis showed that the only significant prognostic
factor was the burn surface of the 3/ degree at least (p = 0.029).
Every 10% increase in the burn surface resulted in increasing
therisk of death by 75.2% (hazard ratio confidence interval (HR
CI): 1.06-2.9). In the case of burns of the 3'4/4t" degree, cover-
ing more than 40% TBSA, the probability of a 3-month survival

was 60% (Fig. 1). The cultured cell application did not signifi-
cantly affect the risk of death (p > 0.05); however, when a se-
lected group of patients was taken into consideration (40-79%
TBSA affected), the relative reduction of death was 69.6%
in the group of patients with CEA transplantation in compari-
son to the pair-matched group without CEA graft (Table 2).

Table 2. Differences between pair-matched groups
with 40-79% TBSA affected

Grouping descriptive parameters

CEA group ‘

Patients with TBSA affected, n [%]
40-59% 25(52.08) 25(52.08)
60-79% 23 (4792) 23 (4792)
total 48 48
Age [years] 38 £13 41 +£18
Numper ofday; from admission 38 41 N+
to main operation, mean £5D
Hospitalization length [days], mean £SD 82 +44 38 +£36
Number of rehabilitated patients 13
Death, n [%] 7 (14.6) 23 (48.0)

TBSA - total body surface area; SD - standard deviation;
CEA - cellular epithelial autografts.




The application of keratinocyte cells was not a proce-
dure which could eliminate the need for rehabilitation;
73% of patients who underwent skin cell transplantation
needed rehabilitation due to contracture scars. It has to be
pointed out, however, that in the group of patients without
cell transplantation, rehabilitation was necessary in 86%
of the cases, which represents a significantly higher per-
centage of patients than in the previous group.

Burn patients were divided into 2 age groups: <50 years
and >50 years, and then they were compared using the fol-
lowing criteria: burn surface, burn depth, number of days
between the admission to hospital, time length of the cell
culture, and deaths (Table 3). The comparison was per-
formed to verify if the patient’s age over 50 years could
affect the proliferation of cultured keratinocytes.

The average number of transplanted cells in the <50 years
group was 7.7 million/mL (Fig. 2), and in the >50 years
group, it was 6.2 million/mL (p > 0.05). The percentage
of persons with a cell transplant higher than 20 mil-
lion cells/mL in the <50 years group was 11%; however,
in the >50 years group, no patients were reported to reach
such a high volume of culture (above 20 milion/mL). Ad-
ditionally, in patients over 50 years of age, the average time

Table 3. Age, burn surface, time length of the cell culture, and deaths
in 2 age groups of patients: <50 years and >50 years

Parameter

Age [years], median £SD 352494 60.6 +8
TBSA affected [%)], median £SD 418216 3234191
Percentage of burn of the 3/9/4™

degree, median +SD 8£35 1619
T|m§|ength of cell culture [daysl], 3554162 4484271
median £SD

Deaths [%)] 4 9

Age <50 years | Age >50 years
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length of the cell culture was 10 days longer. In the group
of patients aged <50 years, the cultured cells were applied
to persons with a higher median of burn surface (42%
TBSA affected) and, despite that, the mortality rate was
significantly lower (4%).

Discussion

The application of cultured keratinocytes is consid-
ered a step forward in the treatment of massive burns.!*
The transplantation of skin cells is regarded as a proce-
dure which minimizes the number of autologous donor
sites and reduces hypertrophic scarring.” Keratinocyte en-
graftment at the level of 50—-90% is believed to be possible
in the case of partial thickness burns.!''*> It has to be re-
membered, however, that in the case of large burn surfaces,
a singular transplantation of skin cells is not sufficient,
and that single-place multiple harvesting of a skin section
for the culturing purpose requires a large surface.!® Using
allogeneic cell transplants or an autologous cell culture,
supported with an allogeneic human skin matrix, can be
the solution here.!® The latter solution prevents the 'alliga-

tor skin effect’, which occurs as a result
of a meshed autologous skin graft.1 It also
helps with performing an earlier closure

Difference of the burn wound.!*
tht;eztwf:l? The average survival of patients who
 — underwent CEA transplantation, as pre-
- sented by Sood et al., is 91%." Such a result
p=001* is in line with those presented in our study
0> 005 (88%). Postoperative complications are di-
vided into both early and late. Early com-
b >005 plications include the presence of blisters
(31%) and pruritus (4.7%). Late complica-
p=0038" tions include cell transplant loss (2.3%)

SD - standard deviation; TBSA - total body surface area; * burned body surface area.

Kaplan-Meier survival analysis depending
on the burn surface area of the 3'9/4th degree
ocomplete +consored

and the presence of scar contractures

Boxplot by group
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Fig. 1. Probability of survival depending on the burn surface,
burns of the 319/4™ degree

Fig. 2. Number of cells per mL transplanted in groups of patients
aged <50 years and >50 years
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(66%). Therefore, it is important that the group of cell
transplant recipients should be clearly and precisely de-
fined. The desirability of performing an expensive, time-
consuming and esthetically uncertain procedure is mor-
ally and clinically unjustified for groups of patients with
spontaneously healed burn wounds (2" degree burns)
or in groups of patients with deep 3'/4" degree burns
of more than 40% TBSA affected, in which the probability
of 200-day survival is equal to 0. Carrying out cell cultures
for patients with a high risk of death is particularly difficult,
because initially, the cell culture is a reflection of the pa-
tient’s overall condition, which impinges on the epidermal
cell viability and population doubling.!8

The patient’s dressing prior to cell collection can also
affect the therapeutic success. It has been proven that cul-
tured cells do not reveal the adhesive abilities in the pres-
ence of wound dressings such as Adaptic®, Xeroform®,
EZ Derm®, and Mepilex®. Using wound dressings like
Mepitel®, N-Terface®, Polyskin®, and Biobrane® has
no negative impact on keratinocytes.!” From our own ex-
perience, we can say that particular attention has to be
paid to the applied antiseptic substance and to proper
preparation of the donor site. Proper wound prepara-
tion for grafting is crucial — the high sensitivity of cul-
tured cells to bacterial proteases and cytotoxins pres-
ent in wound can impair the healing process and may
result in a total loss of a cell transplant. This is another
critical moment.?~2% That said, however, proper wound
preparation is not sufficient — integrin profiles, as a result
of a carried out culture, influence keratinocyte engraft-
ment as well. When keratinocytes reach a high confluence,
they evolve from a high proliferative state into stunted
growth and differentiation. This is linked with integrin
expression disturbances, such as the loss of expression
of integrin alpha 1 and alpha 5.2* In the group of patients
over 50 years of age, a moderately lower number of cells
and a longer time necessary to obtain a clinically signifi-
cant number of cells was reported.

All the above-mentioned obstacles lead to an increased
cost of treatment and a prolonged hospital stay. This results
in a lowered number of performed CEA transplantation
procedures, even in reference centers.?> Pellegrini et al.
suggested using stem cell transplants; however, in order
to obtain a satisfying clinical result and to reduce the cost,
a more careful selection of patients for a transplantation
procedure is absolutely necessary.?® There is no doubt
that the traditional predictive factors of mortality, like
the burn surface and the patient’s age, should be examined
in detail.* The results of the present study show that age
has no influence on the survival rate of patients with a CEA
transplant. This result is not surprising and is derived
clearly from the evaluated data — the median age of a pa-
tient qualified for a cell culture was 41 years. Moreover,
it has to be taken into consideration that the median age
of all hospitalized patients was 45 years and a significant
group of admissions included patients below 30 years

of age (victims of communication accidents and flammable
substance explosions). It is believed that the patient’s age
>50 years is a negative prognostic factor.?” The qualifica-
tion of patients below 50 years of age for a cell culture
is dictated not only by the median age of the admitted
patients, but also by the skin aging process and the influ-
ence of this process on the normal morphology of cells,
i.e., their ability to multiply.?®?° Patients with burns with
<20% TBSA affected are those most frequently admit-
ted to burn centers; however, patients qualified for cell
cultures are diagnosed with average burns of 40% TBSA.
Nevertheless, TBSA in the group of patients who under-
went the epidermal cells therapy is not a predictive factor,
but a larger surface area of 3'4/4"" degree burns increases
the risk of death. In the group of patients with a cell trans-
plant, this situation is clinically justified. Epidermal cells
promote the healing process of burn wounds with a maxi-
mal depth of the 2" degree. Therefore, in the case of large-
scale burns, they can effectively support the wound healing
process. Epidermal cells are unable to effectively stimulate
the healing of deep (3" degree) wounds; thus, their ap-
plication does not influence the survival in this group,
and with a 20% increase of the 3" degree burn surface,
the risk of death increases by 1.72 times. However, the mor-
tality in the group of patients who underwent keratinocyte
cell transplantation with a diagnosed burn of <60% TBSA
is 1%, but in the case of >60% TBSA affected, the reported
mortality rate is at the level of 16%. Tang et al. reported
azero mortality in the group of patients with burns of <51%
TBSA. It has been suggested that a unified system for sur-
gical treatment procedures would cause the mortality rate
decline in the group of burn patients.?° The influence
of cell transplants on increased patient survival was not
reported despite the fact that in the group of patients aged
<50 years with keratinocytes applied, the mortality rate
was only 4%. Auxenfans et al. postulated using keratino-
cytes as a clinically effective method in managing donor
sites and 2"! degree burns with a large burn surface; in this
case, together with a free split-thickness skin graft.3!

In the case of extensive, deep burns (3'¢ degree), the use
of stem cells is recommended.??3® At present, we can
agree that the CEA transplant is a life-saving, but expen-
sive procedure, unsuitable for the permanent coverage
of burn wounds deeper than the 2" degree.?* Matters re-
lated to the optimal donor site selection for cell culture
purposes, wound dressing applied to the wound before
harvesting the donor skin for the culture and post-cell
transplantation, and, most importantly, an informed
choice of the group of patients for whom applying kerati-
nocytes will give a maximum clinical effect, should have
all been systematized many years ago. The lack of studies
giving clear guidelines for using cultured skin compo-
nents is to blame. The aim of this study was to establish
preliminary standards for patient enrollment for keratino-
cyte cultures. It should be the basis for further discussion
on this topic.
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In conclusion, keratinocytes and fibroblasts should
be applied as an adjunctive method for the treatment
of burns of at least 40% TBSA, but with a maximal depth
of the 2" degree. In the group of patients below 50 years
of age, a higher number of transplants with a cell popula-
tion above 20 million/mL and a significantly lower mortal-
ity rate were observed, which means that in the mentioned
age group, this graft is more effective. It has been suggested
that patients older than 50 years of age with burns deeper
than of the 2" degree should be treated with more advanced
methods like, for example, the application of stem cells.
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