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A B S T R A C T

Atopic dermatitis (AD) is a chronic inflammatory skin disease causing a strong impact on quality of life. Its
pathophysiology is the result of complex interactions involving immunological, genetic and
environmental factors. Although there are several published in vitro three-dimensional models
mimicking AD, none of them have taken all these pathophysiological features into account; thus, finding
the right model may be complicated. This paper reviews the literature on the different reconstructed
epidermis models of AD as well as their relevance. We focused our attention on both the defect of the
epidermal barrier and the inflammation linked to the immune system.

© 2017 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.

1. Introduction

Atopic dermatitis (AD) (AD; OMIM # 603165) is a common
chronic relapsing inflammatory disease that typically begins in
early childhood. Its prevalence has been evaluated as 10.7% in the
pediatric population and as 7.2% in the adult population of the
United States [1,2]. AD is a multifactorial disease involving
environmental, immunological and genetic factors. Clinically, AD
is characterized by erythematous and itchy skin lesions over the
entire body that cause a strong impact on the quality of life of
patients [3,4].

AD treatment is currently in full revolution with the advent of
new treatments. Consequently, the need for a realistic in vitro
model is becoming essential for testing new molecules. Moreover,
studies testing some medications and even more cosmetic
products using animal models are limited by their cost and ethical.

Reconstructed human epidermis (RHE) is defined as an in vitro
three-dimensional reconstruction of human epidermis from

primary keratinocytes extracted from human skin (usually
abdominal skin or foreskin) of healthy subjects. Cells are isolated,
amplified on either an inert polycarbonate filter or collagen matrix
and placed at the air-liquid interface to allow their differentiation
into a stratified human epidermis [5]. These models are histologi-
cally (cell proliferation and expression of differentiation markers)
and functionally similar to in vivo human epidermis. However, it is
not possible to reconstruct the real immunological response in RHE
models. The induction of a RHE mimicking AD can be carried out
due to the modification of culture medium for different RHE
models, which is summarized in Table 1.

The etiology of AD is complex and not fully understood to date.
Both the impairment of the epidermal barrier and systemic
inflammation, which result in an abnormal immune response, lead
to a vicious cycle. Indeed, defects of the epidermal barrier allow for
an increase of cutaneous permeability and consequently trigger
inflammation and immune system activation (the “outside-inside”
hypothesis) [6]. Conversely, skin inflammation leads to defects of
the epidermal barrier with perturbation of keratinocyte differen-
tiation (the “inside-outside” hypothesis) [7].

The acute inflammation phase begins with a predominant
response of T helper 2 (Th2) lymphocytes and then evolves toward
a chronic T helper 1 (Th1) lymphocyte response [8]. In addition, AD
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skin lesions are characterized by the overexpression of pro-
inflammatory type 2 molecules such as interleukin (IL) -4, -13 and
thymic stromal lymphopoeitin (TSLP) secreted by keratinocytes
[9]. The inflammation is also maintained, enhanced or triggered by
neurogenic inflammation [10].

Concerning the epidermis, both the organization and composi-
tion of proteins and lipids play an important role in epidermal
barrier function.

Genetically, mutations in FLG, the gene encoding for filaggrin,
are one of the major factors predisposing AD [11]. A defect in
filaggrin leads to disorders of the skin barrier function, which
involves the entry of allergens, and disorders of epidermal
differentiation [12].

The aim of this review is to describe the different models of RHE
that mimic AD. We will focus more precisely on two hypotheses (the
“inside-outside” and “outside-inside” hypotheses, as previously

defined) to describe these models, and evaluate their relevance
(Fig. 1).

2. AD Pathophysiology

Recently, studies on AD are in full effervescence, particularly
with the marketing of new treatments such as biotherapies but
also because of the dynamic research on itching. In this context, in
vitro models are important for understanding mechanisms
involved in AD (i.e., the “outside-inside” and “inside-outside”
hypotheses), especially for discovering new therapeutic
approaches.

Models using RHE allow for the study of these two hypotheses,
either by generating inflammation via interleukins (ILs) or by
producing a defect in the epidermal barrier.

Skin is the first barrier of the body to the outside environment.
It requires a stratified and differentiated epidermis, with a basal

Table 1
Summary table of the different RHE models.

Model Conditions of culture Inflammation Proteins Lipids

Castex-Rizzi et al.
[33]

IL-4, IL-13, TLR ligand poly (I:C)
and Pam3CKS4

" TSLP – # of filaggrin ns
– Alteration of claudin-1

De Vuyst et al. [34] methyl-b-cyclodestrin " IL-8 ns Cholesterol depletion
De Vuyst et al. [36] methyl-b-cyclodestrin, IL-4,

IL-13, IL-25
" TSLP # of loricrin Cholesterol depletion

Danso et al. [39] IL-4, IL-13, IL-31,+/� TNF-a " TSLP – Spongiose Modification of ceramide, cholesterol
and saturated fatty acids– Alteration of keratin 10, loricrin and filaggrin

Rouaud-Tinguely P
et al. [40]

Poly I: C, TNF-a, IL-4, IL-13 " TSLP and IL-
8

– Spongiosis ns
– Alteration of loricrin, involucrin and filaggrin

Pendaries et al.
[41]

shRNA FLG ns – # of filaggrin-2, hornein, caspase-14, keratin-10,
loricrin and bleomycin hydrolase

ns

– " of corneodesmosine and claudin-1
Pendaries et al.
[42]

shRNA FLG ns – # of loricrin, procaspase-14, bleomycin hydrolase ns
– " of claudin-1

Son et al. [45] Extracts of S. aureus, cytokines
IL-6 or IL-8

ns #of keratin 1 and 10 ns

The table lists the culture conditions of each model of reconstructed human epidermis that we studied in this review. The main factors studied in each model are shown in the
last column. FLG: filaggrin; IL: interleukin; Poly I: C: polyinosinic-polycytidylic acid; shRNA: shot hairpin; TNF: tumor necrosis factor; TSLP: thymic stromal lymphopoietin
protein; ns: not studied.

Fig. 1. The “inside-outside” and “outside-inside” hypotheses with a reconstructed human epidermis.
(a) (1) The pro-inflammatory environment is linked to a production of Th2 cytokines by immune cells. (2) The impact of Th2 cytokines on the epidermis and especially on
keratinocytes. (3) The induction of TSLP secretion by keratinocytes, defect of the epidermis with an alteration of the organization and composition of lipids, and alteration of
protein differentiation. (b) (1) Defect of the epidermis with defects of filaggrin, loricrin, involucrin and keratin 10 and alteration of lipid composition. (2) An increase of
penetration of the exogenous factor. (3) Keratinocyte stimulation (especially by TLR) leading to TSLP secretion and activation of dendritic cells. (4) Inflammation induction
with stimulation of Th2 cytokines. FFA: Free fat acids; Th2: helper T lymphocytes; TLR: toll-like receptor; TSLP: thymic stromal lymphoprotein.
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layer (BL), a spinous layer (SL), a granular layer (SG) and a stratum
corneum (SC), to protect and regulate the organism. Differentiated
keratinocytes synthesize proteins such as keratin (K) 10, loricrin,
involucrin and filaggrin [13,14]. These last three proteins partici-
pate in the formation of the SC and their decreased expression is
often associated with a breakdown of the epidermal barrier in AD,
as confirmed by immunohistochemistry and histology showing
spongiosis and exocystosis of the epidermis [15,16].

Among these proteins, filaggrin is the most studied because
genetic variations and loss of function variants within the FLG gene
have been evidenced as a major risk factor in AD [17,18]. Filaggrin
precursor (profilaggrin) is produced by granular keratinocytes
which is known as main component of the keratohyalin granules.
During cell transition from GL to SC, profilaggrin is rapidly
dephosphorylated and cleaved by serine proteases (e.g., kallikrein
5) to generate filaggrin monomers [12]. These monomers are
associated with keratin filaments suspected to induce the
formation of the fibrous matrix of the SC, which is involved in
the construction of the epidermal barrier. Hence, a strong
correlation between the presence of AD lesions and mutations
of the FLG, which is located on the chromosomal region 1q21.3, has
been demonstrated [19]. Indeed, a mutation in this gene was
observed in more than 20% of AD patients, suggesting a key role in
the disease by its protective function of the skin barrier [20].

Proteins are not the only constituent of the impermeable
barrier. Lipids, mainly ceramides (with ester linked v-hydroxyl
ceramide (EO ceramide)), free fatty acids (FFA) and cholesterol,
constitute the lipid matrix that is organized in lamellar bodies and
located between corneocytes [21]. In AD, this lipid matrix is
disorganized, and an alteration of the epidermal barrier is induced.
AD patients show a reduction of long chains, an increase of
unsaturated FFAs and a decrease of very long chains of ceramides
in the skin [22].

With regard to inflammation, AD is characterized by an
overexpression of pro-inflammatory molecules such as Th2
cytokines (IL-4, IL-5 and IL-13), IL-22 or thymic stromal
lymphopoeitin (TSLP) [9]. The non-lesional skin of AD patients
already shows signs of low-level inflammation with presence of
Th2 and Th22 cell infiltration [23]. IL-31 and IL-33 are also related
to pathogenesis of AD [24–26]. In the acute phase of AD, skin
barrier defects allow the penetration of epicutaneous antigens and
lead to the production of TSLP by keratinocytes. In the chronic
phase, continuous activation of Th2 and Th22 increase in the
affected epidermal barrier accelerating also local inflammation
leading to a vicious cycle [27].

TSLP secretion by keratinocytes [28] is induced by sensitizing
antigens, Th2 cytokines or the activation of toll-like receptor (TLR)
pathways [29,30]. It plays a role in immune processes at the
epithelial interface with the outside by acting on dendritic cells,
mast cells and Th-lymphocytes. Activation of dendritic cells by
TSLP promotes the transformation of Th-naïve lymphocytes to the
Th2 phenotype and the secretion of Th2 cytokines [31].

TSLP directly activates cutaneous sensory nerve endings via its
specific receptor and then promotes itching [28]. Due to the
narrow associations between skin, immune system, and nervous
system, nerve endings are very important in the pathophysiology
of inflammatory dermatoses, especially in AD. Many neuro-
transmitters and nerve growth factors released from nerve endings
in the blood or skin are involved in neurogenic inflammation,
dramatically enhancing and maintaining the inflammation in-
duced by immune cells. During times of stress, their release is
highly enhanced [10,32]. Due to the multimodality of AD, none of
the actual RHE are mimicking all the components of the disease
and focus only on specific components of the pathophysiology of
AD instead.

3. Reconstructed human epidermis and atopic dermatitis:
inflammation (Fig. 1a)

Inflammation plays a major role in AD and is the target of new
therapies. The majority of authors are logically interested in
inflammation and TSLP secretion by keratinocytes that is the best
pathway for studying inflammation in RHE since immune cells are
absent (Table S1).

Danso et al. studied the effects of Th2 cytokines (IL-4, IL-13 and
IL-31) with and without tumor necrosis factor (TNF)-a on the
secretion of TSLP, and noticed an increase in its release by ELISA in
all cases.

Rouaud et al. have supplemented their culture medium with
Th2 cytokines (IL-4 and IL-13), TNF-a and polyinosinic-polycyti-
dylic acid (poly I:C). They obtained a significant increase of TSLP as
well as IL-8 levels measured by ELISA. These authors claim to have
higher levels of TSLP than models without poly I:C, suggesting that
poly I:C can mimic an immune response via its TLR-3 receptor
expressed on keratinocytes.

In their model, Castex-Rizzi et al. supplemented the use of poly
I:C by Pam3CKS4, an activator of TLR-4 and showed also an
increase of TSLP in their model by ELISA [33].

In a first model, De Vuyst et al. did not add ILs in the culture but
depleted their RHE in cholesterol only, and IL-8 mRNA level was
transiently increased (between 1 and 8 h after depletion) [34]. In a
second time, they added IL-4, -13 and -25 and then observed an
absence of TSLP mRNA expression increase. Surprisingly, IL-8 was
not studied [35,36]. The authors explain this phenomenon by the
absence of TNF-a or IL-1 in their culture medium in association
with the ability of ILs to stimulate TSLP production.

In all of these models of inflammation, Th2 cytokines as well as
activators of TLRs are always used to enhance inflammation
revealed by a TSLP increased. Furthermore, the addition of TNF-a
seems to be an important feature, and its absence in the De Vuyst
model could explain the absence of TSLP [37].

To study the genes involved in AD, many candidates have been
identified and are divided into two groups: genes involved in the
barrier function of filaggrin and genes involved in the immune
response. The second group one of the identified gene clusters is
located on chromosome 5q31-33 and gathers includes Th2 type
cytokine genes, such as IL-3, IL-4, IL-5, IL-13, and factors of
granulocyte and monocytes stimulation (GM-CSF). IL-18 improves
the production of IL-4, IL-13 and IL-10, and IL-31 play various roles
in immune regulation and the anti-inflammatory response. Farley
et al. used an RHE to study mechanisms of inflammatory responses
induced by Fas ligand using neonatal keratinocytes and their
immortal derivatives from the knockdown of ERK 1/2 [38]. The
authors described the role of Fas ligand in the induction of
keratinocytes apoptosis in dermatitis and in AD. Nevertheless, this
model focused on inflammation in general but not in AD indicating
that their model is not appropriate for studying AD.

4. Reconstructed human epidermis and atopic dermatitis:
defect of epidermal barrier (Fig. 1b)

4.1. Morphology and protein alteration

The study of the morphological characteristics of the epidermis
may be helpful for evaluating the skin barrier (Table S2). To
reproduce the features of AD in the epidermis, different strategies
are used. The first and most common is the induction of an
inflammatory environment.

Danso et al. studied the influence of different cytokines on
epidermal organization and differentiation [39]. The addition of
Th2 cytokines with TNF-a, leads to spongiosis and epidermal
thickening similar to condition with Th2 cytokines but without
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TNF-a. Then, Danso et al. analyzed the expression of the advanced
terminal products of differentiation by immunohistochemical
staining. In their model supplemented with single Th2 cytokines
(IL-4, IL-13 or IL-31) or TNF-a, K10 is not expressed in BL or in the
deeper layers of the SL. When the mix of Th2 cytokines (IL-4, IL-13
and IL-31) was added in the presence or absence of TNF-a, the
expression of K10 and filaggrin were also delayed in the upper
layers (as evidenced by immunohistochemical staining, qPCR and
ELISA tests). The expression of loricrin was present in GL but
discontinuous and fragmented in immunohistochemical staining.
Nevertheless, only the addition of IL-13 alone or in association with
other Th2 cytokines clearly reduced the expression of loricrin, as
shown by ELISA.

Rouaud-Tinguely et al. exhibited a stratified epidermis where
the AD RHE was less compact and thicker than the RHE control
with spongiosis in the deepest layers after incubation with IL-4, IL-
13, TNF-a and Poly I: C [40]. The expression of filaggrin and loricrin
in this model was reduced. Involucrin expression was slightly
marked only in the superficial layers of the AD RHE compared to
the untreated RHE. These authors have characterized the differ-
ences of gene expression between the control RHE and those
cultured with an inflammatory cocktail. Transcriptomic analysis
revealed a clear difference in the expression of 26 genes between
control and AD RHE. By performing RT-qPCR, they evidenced a
decreased expression of differentiation-associated genes, such as
FLG, LOR and K10, while an increase in inflammation-associated
genes was observed. Castex-Rizzi et al. described a model treated
specifically with the activators of TLR-3 and TLR-4. By histological
analysis, a reduction of filaggrin and an alteration of Claudin-1
expression were observed [33].

First, De Vuyst et al. depleted a single cholesterol using methyl-
b-cyclodextrin (MbCD), and treated their RHE with a mixture of IL-
4, IL-13 and IL-25 [34]). This model mimics an AD-like epidermal
phenotype with spongiosis and hypogranulosis, which are
associated with barrier alteration (as performed by transepithelial
electrical resistance measurement). In addition, the same team has
studied the impact of the different ILs used in association with
MbCD [36] and showed a decreased expression of genes associated
with keratinocyte differentiation, such as FLG and LOR (performed
by RT-qPCR). In particular, FLG-1 and FLG-2 expression levels were
decreased when IL-25 was associated with MbCD. IL-4 led to the
most epidermal alteration, with an attenuation of loricrin
expression, and in contrast, an increase of hyaluronan synthase
expression and inflammation-related gene expression, such as
Carbonic anhydrase II (CAII) and NELL2.

4.2. Study of filaggrin

Filaggrin was shown to be an advanced terminal product of
epidermal differentiation, and mutations on its gene seem to
induce AD.

The team of Pendaries et al. was interested in the deficiency of
the FLG in the RHE. From shFLG-RNA, they demonstrated that the
RHE model obtained mimicked the hallmarks of human AD on a
protein level. In a first study, they observed a decrease in epidermal
thickness and SC as well as a loss of keratohyalin granules, which
was confirmed by electron microscopy analysis [41]. Skin barrier
function was impaired (Lucifer Yellow test) and measurements of
urocanic acid and pyrrolidone carboxylic acid were significantly
decreased in the shFLG-RNA RHE. These elements suggested an
increase in UV sensitivity (increased caspase-3 activity after
irradiation) (Table S3). Moreover, in this model filaggrin-2, loricrin,
caspase-14 and bleomycin hydrolase expression were decreased as
shown by western blotting and RT-qPCR tests. This study
demonstrated the important role of filaggrin mutations in AD
patients. Thus, it suggests that the shFLG-RNA model is a good

model for in vitro experimentations. The same team investigated
the role of filaggrin-2 using shRFLG2-RNA RHEs and found
differences between FLG and FLG2 shRNA [41]. These differences
are summarized in the Supplementary data (Table S4) and are
particularly related to SC, cutaneous pH and the expression of
epidermal differentiation genes and proteins. These different
models using shRNA bring together many characteristics present in
AD and are therefore relevant for studying the inside-outside
hypothesis of AD at morphological level.

Moreover, there are RHE models that use culture medium
containing pro-inflammatory Th2 cytokines +/� TNF-a in order to
study the impact of inflammation on the expression of filaggrin, as
previously described.

4.3. Lipids alterations

Epidermal lamellar bodies are embedded in corneocytes. In AD
patients, the organization and composition of these lipid com-
plexes are altered and participate in a vicious cycle.

Danso et al. used a culture medium with pro-inflammatory
cytokines (IL-4, IL-13 and IL-31) with or without TNF-a [39]. The
authors demonstrated, by liquid chromatography and mass
spectrometry, that IL-31 and TNF-a alone or associated with
Th2 cytokines influence the composition of lipids in RHE. Thus,
TNF-a leads to a significant reduction of FFAs and EO ceramides (as
after incubation with IL-31) in RHE (Table S5). According to Danso
et al., there is a clear relationship between the effects of the
cytokines added in the culture medium and the effect of
keratinocyte proliferation and differentiation in their model.
However, these changes did not reflect the changes in the lipid
composition of SC. Therefore, Danso et al. suggested that the
changes induced by cytokines during epidermal differentiation
and lipid synthesis in the SC were influenced by different
pathways.

De Vuyst et al. analyzed the effects of cholesterol depletion on
signaling pathways and gene expression (Table S7) [34,35]. They
used MbCD on day 5 of the air-liquid interface step which induced
a transient depletion of cholesterol 1 h after treatment and a return
to basal line after 24 h. They found in their RHE an activation of cell
signaling pathways and an alteration of gene expression. This
model did not allow for a mimic of AD because the epidermal
barrier and morphology were not modified. Thus, in their second
model, they included ILs in the RHE culture medium.

5. Relevance and limits of the reconstructed human epidermis
model

RHE models are valuable tools for studying specific aspects of
the epidermal pathophysiology, especially for AD. Nevertheless,
the absence of fibroblasts, immune cells and nerve endings
remains one of the major issues of the RHE model. Indeed,
inflammation of the skin is mediated by immune cells, especially
Th2 cells, and maintained by neurogenic inflammation in AD [32].
The majority of models try to mimic inflammation by adding
cytokines to the culture medium. Expression of TSLP by
keratinocytes confirms their activation by an inflammatory
environment. In both the models of Rouaud-Tinguely and
Castex-Rizzi, it is claimed that the activators of TLR-3 and -4 are
a good complement to Th2 cytokines [33,40]. Conversely, the
absence of TNF-a associated with Th2 cytokines, similar to the De
Vuyst’s model, does not allow for the production of TSLP.
Nevertheless, this model is very interesting because it tries to
reproduce the vicious cycle of AD with both Th2 cytokines, to
mimic skin inflammation, and a depletion of cholesterol, to mimic
a disruption of the epidermal barrier.
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Pendaries et al. tend to approach the inside-outside hypothesis
by disrupting the epidermal barrier. However, the inflammatory
aspect (TSLP secretion) was not studied but would be interesting to
consider, even if immune cells are absent [41,42].

Keratinocytes are in permanent contact with their environment
and interact with the cells that make up its environment. These
cells, especially fibroblasts, play a major role in their differentiation
and stratification. Skin explant models allow this communication
and are obviously closer to realistic AD [43]. Adding sensory
innervation would make the model even more realistic because
none of the current models include nerve endings.

Moreover, murine models are studied more frequently. These
animal models are very useful for understanding the molecular
mechanisms and pathogenesis of AD, although the pathogenesis of
inflammation is not truly identical to that of humans [44]. Another
major default is the ethical limitations for the use of animals in
human research.

In summary, RHE offers several advantages, such as the ease of
obtaining these models and the simplified study of AD. While no
model using RHE will be able to mimic everyaspect of AD, they allow
high throughput screening of pharmacological drugs. Moreover, the
presence of single keratinocytes is an advantage for studying and
understanding their role in the pathophysiology of AD.

6. Conclusion

RHE is a frequent research technique that results in numerous
axes of studies on pathologies with epidermal involvement.
Several teams have created their own AD models by mimicking
its features as best as possible. Each team used methods to modify
their culture medium, which are summarized in Table I, to induce
AD. Although these in vitro models of RHE that mimic AD are
numerous, none of them could reproduce an epidermis with all the
characteristics of AD, in particular the hyperinnervation.

Each model focuses on one or more aspects of the pathophysi-
ology of AD. Thus, in the case of a study of AD through RHE, the
choice of its model is paramount according to the study objectives
and characteristics of the model.

One of the advantages of RHE models of AD is the possibility to
test the effects of local treatments developed by pharmaceutical
companies in vitro with high throughput while limiting the use of
animals.
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Supplementary data

Table S1: Studies of skin inflammation using RHE models.

Model Culture medium Inflammatory response

Rouaud-Tinguely P et al. 2015 [40] poly I :C, TNF-α, IL-4 et -13 ↑TSLP and IL-8

Danso et al. 2014 [39] IL-4 ↑TSLP

IL-13 ↑TSLP

IL-31 ↑TSLP

IL-4, IL-13, IL-31 ↑TSLP

TNF-α ↑TSLP

IL-4, IL-13, IL-31, TNFα ↑TSLP

De Vuyst et al. 2015 [34] methyl-β-cyclodestrin ↑IL-8 (between H1 and H8)

De Vuyst et al. 2016 [35] methyl-β-cyclodestrin and IL-4, -13 and -25 ↑TSLP in the 6 H

Castex-Rizzi et al. 2014 [33] IL-4 and IL-13, TLR ligand Poly (I :C)

and Pam3CKS4

↑TSLP

This table lists the RHE models that study inflammation. For each culture medium used, the corresponding inflammatory response that was

evaluated is described. IL= interleukin; H= hours; poly I: C= polyinosinic-polycytidylic acid; TLR= toll-like receptor; TNF= tumor necrosis

factor; TSLP= thymic stomal lymphopoietin protein.



Table S2: Morphological aspects of the RHE models that were studied.

Model Spongiosis K10 LOR INV FLG Others

Castex-Rizzi et al. 2014 [33] ns ns ns ns Decreased Alteration of claudin 1
staining

De Vuyst et al. 2016 [35] - ns Decreased ns ns ns

Danso et al. 2014 [39] Deep layer of
epidermis

Delayed Fragmented ns Decreased Increase of the
proliferation of basal

cells/no augmentation of
epidermal thickness

Rouaud-Tinguely P et al.
2015 [40]

Deep layer of
epidermis

ns Reduction and
expression

only in deep
layer

Reduction and
expression in
all suprabasal

layers

Decreased Epidermis less compact
and thinner

Son et al. 2013 [45] ns Decreased ns ns ns Decreased expression of
K1

This table summarizes the expression levels of keratin (K), loricrin (LOR), involucrin (INV) and filaggrin (FLG) proteins in the different models

that study the morphology of RHE. The level of spongiosis is also described. ns = not studied.



Table S3: Comparison of the RHE characteristics of the model by Pendaries et al., 2014 with AD [41].

RHE shRNA FLG Atopic dermatitis

Reduction of SC thickness + +/-

Increase of SC permeability + +

Increase of pH - +

Decrease of pro-caspase 14 activation + +

Decrease of loricrin expression + +

Decrease of bleomycin hydrolase expression + +

Decrease of urocanic acid and pyrrolidone carboxylic acid + +

The model of Pendaries et al., 2014 used a culture medium with shRNA FLG and analyzed several parameters, as indicated in the table. Each

characteristic of the Pendaries et al., 2014 model is compared with those found in the atopic dermatitis (Werfel et al., 2016).

+ = present; - = absent.



Table S4: Comparison of the two main models studying filaggrin and AD.

shRNA FLG
(Pendaries et al., 2014) [41]

shRNA FLG 2
(Pendaries et al., 2015) [42]

Atopic dermatitis
(Werfel et al., 2016) [46]

Morphology
(standard histology
+/- electronic microscopy)

- ↓epidermis and SC thickness,
keratohyalin granules.
- Dilatation of extracellular space

- ↓ epidermis thickness
- Parakeratosis, no modification of
stratum corneum and keratohyalin
granules
- No modification of extracellular
space

- ↓ epidermis, +/- parakeratosis,
- Dilatation of extracellular space

SC properties - Alteration of epidermal barrier
(Lucifer Yellow)
- ↓ of urocanic acid and pyrrolidone
carboxylic acid

- No alteration of epidermal
barrier (Lucifer Yellow)
- ↓ of urocanic acid but no effect
on pyrrolidone carboxylic acid

- Alteration of epidermal barrier
- ↓ of urocanic acid and pyrrolidone
carboxylic acid

Cutaneous pH No modification ↑ ↑

Epidermal differentiation
- protein by WB

- RNA by qRT-PCR

- ↓ of Flg-2, hornein, caspase-14, K10,
Lor et bleomycin hydrolase
- ↑ of corneodesmosine and claudin- 1

- ↓ of Flg-2, caspase-14, Lor and
bleomycin hydrolase
- ↑ corneodesmosine

- ↓ Lor, procaspase-14, bleomycin
hydrolase
- ↑ of claudin- 1

- ↓ Inv, Lor E-cadherin,
procaspase-14 and bleomycin
hydrolase

- ↓ Flg, hornein, caspase-14, Lor and
bleomycin hydrolase - persistence of
corneodesmosomes

- ↓ Flg, hornein, caspase-14, Lor and
bleomycin hydrolase

The table compares the 2 main RHE models that studied filaggrin. Each feature studied is compared with what was found in the AD (Werfel et

al., 2016). Sh = shot hairpin; SC = Stratum corneum; Flg= Filaggrin; Lor = Loricrin; K = keratin; Inv = involucrin; ↑ = increase; ↓ = decrease.



Table S5: Study of the effects of culture media on the organization of lipids of the stratum corneum in the model of Danso et al. [39]

TNF-α TNF-α

+ cytokines

Cytokines IL-31

Total ceramides ↑ ↑ ND ND

EO total surface ceramides ↓ ND ND ↓

Cholesterol ↓ ↓ ND ND

Mono-saturated free fatty acids no modification no modification no modification no modification

Saturated fatty acids ↓ ↓ no modification ↑

The results were obtained by liquid chromatography and mass spectrometry. The culture media contained TNF-α, TNF-α with cytokines,

cytokines, or IL-31 alone. The study of lipids included the study of total ceramides, EO (esterified omega-hydroxylated) total surface ceramides,

cholesterol, mono-saturated free fatty acids, and saturated fatty acids. The results were compared to the RHE control. ND = not determined; ↑ =

increase; ↓ = decrease.



Table S6: Effect of the culture medium of the De Vuyst et al. model [35, 36] on the cell

signaling pathways and expression of genes in the RHEs relative to the RHE control.

Activation of signaling pathways (phosphorylation) (WB)

↑ EGF receptor (1 hour post treatment)

↑ p38 MAPK (1 hour post treatment)

↑ ERK (4 and 24 hour post treatment)

Gene expression (qRT-PCR)

HB-EGF: ↑ 1 and 4 hour post treatment

INV: ↑ 4 and 8 hour post treatment

IL-8: ↑ 1, 4 and 8 hour post treatment

TGM-1: ↑ 4, 8 and 24 hour post treatment

PLAUR: ↑ 1 and 4 hour post treatment

KRT10: no modification

FLG: no modification

LOR: no modification

The activation of the signaling pathways was visualized by the phosphorylation of the

proteins by western blot. The expression of the genes was quantified by qRT-PCR. RHEs

were compared to the RHE control.

WB = western blot; ↑ = increase.


	20171201-HuetF.pdf
	Reconstructed human epidermis for in vitro studies on atopic dermatitis: A review
	1 Introduction
	2 AD Pathophysiology
	3 Reconstructed human epidermis and atopic dermatitis: inflammation (Fig. 1a)
	4 Reconstructed human epidermis and atopic dermatitis: defect of epidermal barrier (Fig. 1b)
	4.1 Morphology and protein alteration
	4.2 Study of filaggrin
	4.3 Lipids alterations

	5 Relevance and limits of the reconstructed human epidermis model
	6 Conclusion
	Conflict of interest
	Funding
	Appendix A Supplementary data
	References
	Further reading


	mmc1(21).pdf

