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Reconstructed Human Epidermal Cultured Skin Models
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Background: Reconstructed human epidermal culture skin
models have been developed for cosmetic and pharmaceut-
ical research. Objective: This study evaluated the total and
carboxyl esterase activities (i.e., Ky and Vi, respectively)
and localization in two reconstructed human epidermal cul-
ture skin models (LabCyte EPI-MODEL [Japan Tissue
Engineering] and EpiDerm [MatTek/Kurabo]). The usefulness
of the reconstruction cultured epidermis was also verified by
comparison with human and rat epidermis. Methods:
Homogenized epidermal samples were fractioned by
centrifugation. p-nitrophenyl acetate and 4-methylumbelliferyl
acetate were used as substrates of total esterase and carboxyl
esterase, respectively. Results: Total and carboxyl esterase
activities were present in the reconstructed human epi-
dermal culture skin models and were localized in the
cytosol. Moreover, the activities and localization were the
same as those in human and rat epidermis. Conclusion:
LabCyte EPI-MODEL and EpiDerm are potentially useful for
esterase activity prediction in human epidermis. (Ann
Dermatol 27(3) 269 ~ 274, 2015)
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INTRODUCTION

Esterases hydrolyze ester compounds and are classified as
carboxyl, aryl, or acetylcholine esterases. These enzymes
are present in various tissues and organs including the
mammalian liver, skin, and plasma'”. In the skin, ester-
ases have particularly high activity in the epidermis and
hair follicles’, with carboxyl and aryl esterases having
been discovered in the cytosol and endoplasmic reticulum
in the skin*®. These intracellular esterases are important
for metabolism”"" and/or pro-drug activation'. This in-
formation has led to the development of cosmetics' and
transdermal drugs'* that include ester compounds, such as
vitamin C and/or steroid derivatives. The application of es-
ter compounds to the skin surface enhances their partition
by increasing their lipophilic properties'”. Metabolism ex-
periments involving ester compounds have been per-
formed using skin from rats, mini-pigs, and humans'®. As
an alternative to animal testing, in vitro skin irritation stud-
ies have been performed using reconstructed human epi-
dermal culture skin models. However, the efficacy of
these substitutes in such studies has not been evaluated.
Bitz et al."” used fluorescein diacetate as a substrate for
esterase activity in the reconstructed human skin model,
but there is no report about the intracellular localization of
esterase in reconstructed human skin.

Therefore, this study measured the intracellular local-
izations of various esterases and their activities in hairless
rat and human epidermis as well as reconstructed human
epidermal culture skin models. Finally, the utility of re-
constructed human cultured epidermis was assessed.

MATERIALS AND METHODS

Materials

p-Nitrophenyl acetate (PNPA), 4-methylumbelliferyl ace-
tate (MUA), and paraoxon were purchased from Sigma
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Table 1. Details of hairless rat skin, human skin and reconstructed human epidermal culture skin model used in this study

Hairless rat Human Reconstructed human epidermal culture skin model
Strain WBN/ILA-Ht Caucasian LabCyte EPI-MODEL EpiDerm
Supplier Saitama Experimental Biopredic International/KAC  Japan Tissue Engineering MatTek/Kurabo
Animal Supply Co., Ltd.
Age 9~10 weeks 39, 44, 51 years Neonate Neonate
Sex Male Female Male Male
Site (origin) Abdominal Abdominal Foreskin Foreskin

Aldrich (St. Louis, MO, USA).
Skin samples and epidermis-dermis separation

A summary of the skin samples and used in this study
manuscript areis shown in Table 1. Hairless rats were pur-
chased from Saitama Experimental Animal Supply Co.,
Ltd. (Saitama, Japan). They were animals were housed un-
der a 12/12- h light/ and dark cycle in a temper-
ature-controlled room (25°C). They had free access to food
and water. All animal procedures were approved by the
Ethics Committee of Josai University (Sakado, Saitama,
Japan) in accordance with the National Institute of Health
(Tokyo, Japan). The two reconstructed human epidermal
culture skin models were used: LabCyte EPI-MODEL were
purchased from (Japan Tissue Engineering, Gamagori,
Japan) and EpiDerm (EPI-200) obtained from MatTek/
Kurabo (Ashland, MA, USA), respectively. Human skin
(TRANSKIN) was obtained from Biopredic International
(Rennes, France) through KAC (Kyoto, Japan). The excised
human skin was approved by the KAC Ethics Committee
for human-derived products. This was obtained from
Biopredic International. Hairless rat and human full-thick-
ness epidermis were heated at 60°C for 90 s, and the epi-
dermis was carefully removed.

Skin homogenates

Epidermis samples from hairless rats and humans as well
as LabCyte EPI-MODEL and EpiDerm were minced with
scissors on ice. Epidermis samples were homogenized us-
ing a Teflon homogenizer (1,000 rpm, 3 strokes) in 0.25
M sucrose solution. Homogenates were centrifuged at
600g for 10 minutes, and the supernatant was collected as
the post-nuclear fraction. The precipitant was dispersed
using polytron homogenizer (25,000 rpm, 1 min). The su-
pernatant was collected as the non-destruction nuclear
fraction. The post-nuclear fraction was centrifuged at
3,300g for 10 minutes, and the supernatant was centri-
fuged again at 12,500g for 20 minutes. These precipitates
were the mitochondria and light mitochondria fractions.
Finally, the supernatant was ultracentrifuged at 105,000g
for 70 minutes to obtain the microsomal and cytosolic
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Fig. 1. Effects of heat separation of rat epidermis and dermis on
esterase activity. Left bar: intracellular localization of esterase
activity in the whole epidermis without heat separation. Right bar:
intracellular localization of esterase activity in the epidermis and
dermis after heat separation. The esterase activities in epidermis and
dermis are also shown. Data are mean +standard deviation (n=3).

fractions. All fractionation procedures were performed at
4°C.

Measurement of total esterase activity

Each fraction was mixed with 100 mM Tris-HCI buffer (pH
7.4) on a 96-well plate and was pre-incubated at 37°C.
Various concentrations of PNPA solution were added, and
concentrations of p-nitrophenol (PNP) were measured by
a microplate reader (Spectra Max M5 Molecular devices
LLC, Sunnyvale, CA, USA) for 10 minutes at 1-minute in-
tervals at 37°C). The enzymatic parameters (i.e., K, and
Vmax) of the microsomal and cytosolic fractions were de-
termined from the reaction rates according to the non-
linear least square method using the values calculated
from the Hanes-Woolf plot. Protein levels were measured
by the Lowry method'®.

Measurement of carboxyl and aryl esterase activities in
reconstructed human epidermal cultured skin

Paraoxon and MUA were used as substrates for aryl and
carboxyl esterase, respectively. The 4-methylumbellifer-



one and PNP generated by enzyme reactions were meas-
ured over time. The samples used were hairless rat abdomi-
nal epidermis, human abdominal epidermis, LabCyte

Table 2. Effects of heat separation on protein content in hairless
rat skin

Without heat
separate
(mg/g tissue)

Heat separate

Fraction (et )

8.2+3.3
1.0+0.4
1.0+0.5
1.5+0.6
10.6+2.5

6.0+3.4
0.9+0.8
0.9+0.8
1.2+0.7
9.4+2.1

Unbroken, nucleus
Mitochondria

Light mitochondria
Microsomes
Cytosol

Data are mean +standard deviation.
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EPI-MODEL, and EpiDerm.

RESULTS

Effects of heat separation on esterase activity

Hairless rat epidermis was separated by the heat separa-
tion method. The influence of heat separation on the ester-
ase activity of hairless rat epidermis is shown in Fig. 1.
The protein contents of the samples are shown in Table 2.
Heat treatment did not influence esterase activity or pro-

tein content.

Total esterase activity

The esterase activities and protein contents of hairless rat
and human abdominal epidermis as well as LabCyte
EPI-MODEL and EpiDerm were evaluated. The esterase
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Fig. 2. Total esterase activities of various skin samples. Mitochondria (M), light mitochondria (L), microsomal (P) and cytosolic (S)
fractions. (A) Rat epidermis, (B) human epidermis, (C) LabCyte EPI-MODEL, (D) EpiDerm.
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activity patterns are shown in Fig. 2. Total esterase activity
was present in the cytosolic fraction of all epidermis
samples. The specific activity in the microsomal and cyto-
solic fractions was subsequently compared. The total es-
terase activities of the microsomal and cytosolic fractions
in various skin samples are shown in Fig. 3. The specific
esterase activities in the microsomal and cytosolic fraction
were highest in the rat epidermis, followed by the
EpiDerm, LabCyte EPI-MODEL, and human skin samples.
The enzyme parameters K, and V. were also calculated
(Table 3). The K, values in the microsomal and cytosolic
fractions were highest in human epidermis.

Carboxyl and aryl esterase activities

Carboxyl and aryl esterase activities were measured. The
specific activities of carboxyl esterase in the microsomal
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Fig. 3. Total esterase activities in the microsomal and cytosolic
fractions of various skin samples. Data are mean +standard
deviation (n=3).
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and cytosolic fractions were measured in the epidermis
samples and models (Fig. 4). Carboxyl esterase activity
was higher in the cytosolic fraction than the microsomal
fraction, similar to the trend observed for total esterase
activity. Meanwhile, aryl esterase activity was not de-
tected using this method. The K, and V. values of the
microsomal and cytosolic fractions were highest in rat epi-
dermis and approximately equal in human epidermis,
LabCyte EPI-MODEL, and EpiDerm (Table 4).

DISCUSSION

In this study, total, carboxyl, and aryl esterase activities
and their intracellular localizations were evaluated in two

Table 3. Comparison of metabolic parameters (K, and Vimax) for
total esterase in epidermal cytosol and microsomal fractions from
various skin samples

K Vmax Vmax/Km
(zmol/L) (nmol/m.m/mg (mm/mg
protein) protein)
Cytosol
Hairless rat skin  163.3+90.5 247.3+75.9 2.15+0.61
Human skin 1351.9+308.6 84.9+41.0 0.07+0.03
LabCyte 590.7+103.0 73.74+25.8 0.12+0.03
EPI-MODEL
EpiDerm 391.6+76.3 93.0+16.1 0.24+0.04
Microsomes
Hairless rat skin  137.8+52.1 156.2+25.2 1.1+0.45
Human skin 1152.5+100.8 52.3+15.6 0.04+0.02
LabCyte 428.0+150.0 59.4+18.2 0.14+0.03
EPI-MODEL
EpiDerm 354.7+50.7 89.9+72.3 0.26+0.23
Data are mean +standard deviation.
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Fig. 4. Carboxyl and aryl esterase activities in the microsomal and cytosolic fractions of various skin samples. (A) Carboxyl esterase,
(B) aryl esterase. Data are mean+standard deviation (n=3). ND: not detected.
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Table 4. Comparison of metabolic parameters (K», and Vipay) of
carboxyl esterases in epidermal cytosol and microsomal fractions
from various skin samples

| /— Vimas! Km
Ko . .
(mol/l) (nmol/m_m/mg (mln/mg
protein) protein)
Cytosol
Hairless rat skin  81.0+46.6  29.9+4.3 0.39+0.10
Human skin 45.5+8.2 2.1+04 0.05+0.02
LabCyte 37.2+7.3 11.7+1.7 0.31+0.02
EPI-MODEL
EpiDerm 45.4+17.0 17.6+6.4 0.38+0.002
Microsomes
Hairless rat skin 114.8+31.9 19.5+2.0 0.17+0.03
Human skin 80.5+4.3 1.1+0.1 0.01+0.002
LabCyte 26.3+0.7 6.2+0.5 0.23+0.02
EPI-MODEL
EpiDerm 22.1+2.7 7.7+1.9 0.34+0.04

Data are mean +standard deviation.

reconstructed human epidermal culture skin models as
well as human and rat epidermis.

Heat treatment was used to separate the epidermis and
dermis'®. Besides heat treatment, EDTA treatment”® and
trypsin treatments’' have also been used for the same
purpose. We used the heat separation method because of
its speed. Epidermal esterase activity was first assessed after
heat separation. Esterase activity and protein content did
not change as a result of heat separation at 60°C for 90 s
(Fig. 1).

Total esterase in the epidermis and dermis was sub-
sequently examined (Fig. 2). The specific activity of total
esterase was highest in the microsomal and cytosolic frac-
tions (Fig. 2). In addition, enzyme parameters were
calculated. The K, values in the microsomal and cytosolic
fractions of human epidermis were highest. Jewell et al.?
report that esterase activity in rat or human full-thickness
skin is higher in the cytosolic fraction. In the present
study, the epidermis and dermis were separated by heat,
and the localization of esterase in these tissues was
examined.

Esterase specific activity was higher in the epidermis than
the dermis (data not shown), which is consistent with the
results of McCracken et al.”®. The esterase activity in the
epidermis was higher in the cytosolic fraction than the mi-
crosomal fraction in all samples. This suggests the local-
izations of esterase in LabCyte EPI-MODEL, EpiDerm, and
rat epidermis are similar to that in human skin. Esterase
activities in LabCyte EPI-MODEL and EpiDerm were great-
er in the cytosolic fraction than the microsomal fraction,
and the esterase-specific activities in LabCyte EPI-MODEL

Epidermal Esterase Activity and Localization

and EpiDerm were closer to that in human epidermis than
rat epidermis. Enzyme affinities in the microsomal and cy-
tosolic fractions of LabCyte EPI-MODEL and EpiDerm
were higher than those in human epidermis. The K, and
Vmax values of total esterase did not differ among the mi-
crosomal and cytosolic factions of LabCyte EPI-MODEL
and EpiDerm, while those of carboxyl esterase were
similar. In addition, the K, and V. values of total and
carboxyl esterase from human skin were higher than those
in the reconstructed human epidermal culture skin
models. As the reconstructed human epidermal culture
skin models comprise reconstituted human keratinocytes,
the Kn values were predicted to be similar to those in hu-
man skin; however, the K, values differed between them.
This is thought to be because the human skin samples
have great inter-individual variability and were freeze-
thawed. Taking these factors into consideration, the affin-
ity of the esterases of reconstructed human epidermal cul-
ture skin models and human epidermis may in fact be the
same.

Like total esterase activity, there was high carboxyl ester-
ase activity in the cytosolic fractions of all samples.
Moreover, there were no differences in enzyme activities
between rat epidermis and reconstructed human epi-
dermal culture skin models. The carboxyl esterase-specific
activity in the microsomal and cytosolic fractions did not
differ markedly with respect to total esterase activity
among rat epidermis, LabCyte EPI-MODEL, and EpiDerm.
Male rat epidermis, female human epidermis, and re-
constructed human epidermal cultures from male epi-
dermis were used in the present study. Gupta and Gupta
report the serum metabolic activity of aspirin esterase is
higher in males than females®. Moreover, Rainsford et
al.” report that the reason for the sex difference in ester-
ase activity is unknown; furthermore, there are no studies
on the differences in esterase activities between male and
female epidermis. Therefore, sex differences were not
considered in the present study.

In conclusion, LabCyte EPI-MODEL and EpiDerm are po-
tentially useful for predicting esterase activity in human
epidermis.
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