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Characterization and application to the skin irritation study of
reconstructed cultured human skin models

Introduction: Recently, the animal experiments are limited from the viewpoint of the animal protection
around EU and US. “Act on Welfare and Management of Animals” was also revised in Japan in 2006, and the
thoroughness in 3Rs (Reduction, Refinement and Replacement) of laboratory animals is attempted. Moreover,
the development of animal testing alternative is proceeding based on the 3Rs while taking the trilateral
international cooperation in Japan, EU and US. Regarding the skin irritation test, the in vitro examination
using the three-dimensional cultured human skin model (cultured skin model) that was reconstructed with the
human cells (keratinocyte and fibroblast) have attracted attention. It has been approved as OECD guideline
(TG-439). As for the skin irritation evaluation of the chemical compounds, the Draize test using the animal (in
vivo examination) has been conducted until now. It is a visual scoring method of erythema, edema and degree
of the desquamation of the stratum corneum after application a test material to the skin of the animal for a
certain period of time. There are problems that erythema and edema do not occur like a Draize test using an
animal, although skin irritation is already evaluated by a cytotoxicity test such as MTT assay using cultured
skin model. The skin irritation is decided by the skin irritancy of the chemical compounds and the
accessibility (skin permeability) to the site of action. In other words, the skin irritation does not appear even if
it is a causative agent of the skin irritation if it does not penetrate into the skin. It is well known that the
stratum corneum is a main barrier of the skin permeability of the chemical compounds. This is the cause that
is different from the skin irritancy of the chemical compounds in the actual skin irritation, and this makes an
evaluation of the skin irritation by the simple cultured cell difficult. In fact, the skin permeability of the
chemical compound is a major factor in the evaluation of the skin irritation. The cultured skin model is similar
in the structure to the actual skin and it has the stratum corneum. This is one of the advantages to use a
cultured skin model for an in vitro skin irritation test, and the formulation such as ointment, cream and lotion
can be applied. Much cultured skin models are commercially available as well as four cultured skin models
adopted in OECD guideline (TG-439).

In the present study, to clarify characteristics of various cultured skin models that were able to be purchased
in Japan, the structure and the permeability of the chemical compounds were made a comparison between
various cultured skin models and a human skin. Furthermore, the in vitro study using the cultured skin model
and the in vivo study using the animal were compared about the kinetic analysis for time course of viability,
the analysis by Enax model for dead cell number, and the production of cytokine.

Characteristic of three-dimensional cultured human skin model: In the present study, LSE-high
and Vitrolife-skin were selected as fullthickness (epidermis and dermis) model, and EpiDerm, LabCyte
EPI-model, Neoderm-E and Episkin were selected as epidermis model of cultured human skin models. P
value and skin permeation parameters (KL and DL ) of chemical compounds were compared to those through
excised human cadaver skin (human skin) using seven kinds of chemical compounds with different
lipophilicities and almost the same molecular weight (Antipyrine, Isosorbide-5-mononitrate, Caffeine,
Aminopyrine, Isosorbide dinitrate, Benzoic acid, Flurbiprofen). A fairly good correlation (slope 1.0; 1:1
relationship) was observed between LSE-high or Epiderm and human skin. On the other hand, other cultured
skin models did not show good correlations with log P values in human skin. Although the log DL? in
cultured skin models were higher than in human skin, the log DL over the present log Kg Were almost
constant, as shown in human skin. The log KL in LSE-high was almost equal to that in human skin. All of the
log KL in EpiDerm, however, were lower than those in human skin and the differences were especially
marked by an increase in lipophilicity of chemical compounds. In the other cultured skin models, the
increment behaviors of log KL were not the same as those in human skin.

In the comparison of HE-stained skin images, each cultured skin model had a thicker stratum corneum than
human skin. On the other hand, a thinner viable epidermis and dermis in cultured skin models were observed
than in human skin. The number of cell nuclei stained by hematoxylin in each cultured skin model was lower
than in human skin, especially in LSE-high and Neoderm-E. Interestingly, many hematoxylin-stained cell
nuclei were observed in the stratum corneum in Vitrolife skin. This may have been due to inadequate
keratinization of keratinocytes. In the observation of stratum corneum by a transmission electron microscope,
the lamella layers in LSE-high were narrow and tortuous compared to those in human skin. Epiderm showed a



fairly similar structure to human skin. Other cultured skin models have aggregated lipid structures and
localized lamella analog layers in their intercellular space, whereas no lamella layers were observed in
Vitrolife skin. In the observation by confocal laser scanning microscope, a hair, hair follicle, sulcus cutis,
crista cutis and pore were observed in human skin. Furthermore, corneocytes were clearly observed in the
shallow part of the human skin. On the other hand, the sulcus cutis and crista cutis were not confirmed in
cultured skin models, but the obtained images were different from each other. In addition, the distribution of
the esterase activity in the skin was investigated using the metabolite (fluorescein-5-isothiocyanate) with the
strong fluorescence that was produced by esterase of the fluorescein-5-isothiocyanate diacetate. A high
intensity of green fluorescence was locally observed in the viable epidermis of human skin. LSE-high,
EpiDerm and Episkin showed similar green fluorescence distributions to human skin. On the other hand, the
LabCyte EPI model and Vitrolife Skin showed green fluorescence not only in the viable epidermis but also in
the stratum corneum.

Evaluation of skin irritation using the three-dimensional cultured human skin model:
Cytotoxicity (dead cell number or viablility by the MTT assay) was assumed an index of the skin irritation in
this study. Cetylpyridinium chloride (CPC) was used as a model skin irritant. LSE-high was selected as the
cultured skin model (in vitro), and it was compared with the result of hairless mouse or guinea pig (in vivo)
from the viewpoint of specific difference.

The relations of CPC concentration in skin and the cytotoxicity (dead cell number) were analyzed by E
model. The various value of CPC concentration in skin and dead cell number were indicated by the difference
in condition such as intact skin, stripped skin, abdominal skin and dorsal skin. When a dead cell number was
plotted for skin concentration of CPC each data of LSE-high, hairless mouse and guinea pig were plotted on
the same curve respectively. Although there was no species difference for maximal skin irritation degree
(maximal dead cell number; Ia), Species difference was observed about concentration indicating the skin
irritation (half-maximal dead cell number; 1Csp).

Then, about change over time of cytotoxicity (viablility) of CPC, it was compared with LSE-high (in vitro)
with a hairless mouse (in vivo). The time course of viability in intact skin was observed distinctly different
from stripped skin. In particular, in intact LSE-high, biphasic behavior with inflection point was observed.
The decrease in these viablility was able to be expressed with the first order rate constant. As for the first
order rate constant, however, a hairless mouse was bigger approximately 2 times (1.7-2.8 times) than
LSE-high, and a hairless mouse was earlier 1.3 times about the inflection point. Since the inflection point in
intact skin accorded with the behavior of transepidermal electric resistance (TER), it was considered that the
failure of barrier function of the stratum corneum is contribute to the production of the inflection point.

Furthermore, the production of cytokine in the evaluation of skin irritation was also attracted attention. It
was suggested in the skin concentration of IL-1a, IL-6 and MIP-2 in hairless mouse that IL-10 was produced
at first, and subsequently IL-6 and MIP-2 were produced. Skin concentration of I1L-1a after 24 h application
of 1, 5 and 20% CPC was decreased dose dependently. The skin concentration of CPC was dose dependent,
but the highest value was shown in 5% CPC about IL-6 and MIP-2, and it was in bell-shape. In the LSE-high,
production of cytokine increased with increasing applied concentration of CPC. There was no difference in
the cytokine concentration in tissue for control (saline) and 0.03% CPC, and tissue IL-1a decreased over time
in more than 0.3% CPC and decreased conspicuously in 1% CPC. IL-6 decreased gently in 0.3% CPC but
markedly increased after 24 h application of 1% CPC. In addition, IL-8 increased over time in control and
0.03% CPC, but it was approximately constant until 24 h in 0.3% and 1% CPC.

Conclusion: The characteristic of various three-dimensional cultured human skin models (cultured skin
model) was clarified. Advantages of the cultured skin model may include that is reconstructed using human
cells and that structure is similar to real skin. As the results of having examined the permeability of chemical
compounds and the details of histological configuration were investigated, but it was greatly different from
the real skin in many cultured skin models although LSE-high was most closely to human skin in all
evaluated cultured skin models. The barrier function of stratum corneum of the cultured skin model was lower
than human skin, and the cornification of the epidermal keratinocyte was insufficient. However, it became
clear that the skin irritation caused by a chemical compound was decided by the concentration of the causative
agent in the skin which was the action site. If it was used after having a good grasped the characteristic of the
cultured skin model, it was thought that it could be in the technique that was useful for a prediction of human
(in vivo) as for the in vitro test using the cultured skin model.
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