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Atopic dermatitis (AD) and psoriasis are one of the common
skin diseases. Animal models are a powerful tool to analyze
these diseases, which are complicated by multiple cytokine
pathways. However, many discrepancies between the human
diseases and murine models have been noticed. Therefore,
investigators should be aware of the differences between the
murine AD models and human AD when translating murine data
to human skin diseases. This review highlights the differences
between the inflammatory profiles between murine models and
human diseases focusing on AD and psoriasis.
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Introduction: animal models and their
importance

Atopic dermatitis (AD) is caused by interaction between
immune system and skin barrier system [1-10]. In addi-
tion, multiple cytokine pathways are involved in the skin
inflammation in AD. Besides the immune disequilibrium,
reduced expression of séiz barrier components charac-
terizes the pathogenesis of AD [1,2,8-10]. To analyze this
complex disease, animal models can be a powerful tool.

T'ranscriptomic analyses of the skin from patients with
AD at the baseline and after treatment has advanced our
knowledge of AD [11-15]. As expected, the critical role of
T helper type 2 (Th2) axis and its dominance have been
confirmed. However, this rather simple view is now
challenged by a new line of evidence.
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Human AD can be stratified into several subtypes by
several biomarkers. Increased levels of total serum IgE
and the presence of specific IgE against environmental
and food allergens are observed in about 80% of AD,
which is categorized as extrinsic or allergic AD [16]. The
remainder, called intrinsic or non-allergic AD, exhibits
normal total IgE levels, absence of specific IgE, and
poor infiltration of eosinophils in the skin, despite the
activation of Th2-type skin immunity [16,17]. The mor-
phology and distribution of skin lesions show age-related
changes [18]. In infants, AD lesions are acute and tend to
lie on the face, the trunk, and the limbs [18]. AD in
adolescents starts to present lichenification (thickness
of the epidermis) at flexures, an indication of chronic
dermatitis [18]. Adult type AD often presents with pru-
rigo-like lesions [18]. Immunophenotype of peripheral
blood lymphocytes can be transmuted with ageing from a
Th2-dominated pattern in infants with AD into a state
superimposed with Th22/Tc22-cytokines in adults with
AD[19°°]. In chronic lesions of AD, some Th1-associated
genes such as Mxl, Cxcl9, Cxcl10,and Cxc/l1 are increased
and keratinocytes show susceptibility to IFN-
v-mediated apoptosis [20,21°°]. Dysregulated apoptosis
is related to the spongiosis of the epidermis, which is
a main feature of eczema [22]. Furthermore, Asian
(Japanese and Korean) patients with AD show a combi-
nation of interleukin (IL.)-23/Th17 and Th22 pathways, a
feature of psoriasis vulgaris [23°°]. Therefore, AD is an
entity encompassing different conditions of skin inflam-
mation or endotypes, which are related to underlying
variations in immunological mechanism, disease course,
and genetic makeup.

Above findings prompted researchers to re-evaluate
murine AD models, such as NC/Nga, flaky tail, F/g-
mutated, ovalbumin-challenged, oxazolone-challenged,
and IL-23-injected mice, in the scope of transcriptomic
profiles [24°°]. The result clearly indicated that none of
these murine models fully represented all aspects of the
human AD profile whereas IL.-23-injected mice that
had been considered as a murine psoriasis model simu-
lated the human AD the best [24°°]. Thus, investigators
should be aware of the differences between the murine
AD models and human AD when translating murine data
to human skin diseases.

This review highlights the differences between the
inflammatory profiles between murine AD models and
human AD and discuss the pathogenesis of AD and
psoriasis in the spectrum of dermatitis.
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Murine models of AD

Clinical findings of murine models of AD include hyper-
plasia of the epidermis, decreased skin barrier, pruritus,
scratching behavior, and increase in serum IgE, all of
which represent the features of human AD. However,
human AD can be stratified into several distinct types by
the age, chronicity, or genetic background of the patients
[19°°,23°°,25%°,26°°,27] (Figure 1).

Flaky tail mice

Flaky tail mice (ma/ma Flgft/fr) have a frameshift mutation
in Flg (Flgft/fr) and also carries a mutation in Tmem79/Matt
(Tmem79malma), which causes no expression of mattrin,
conferring a matted hair phenotype called matted [28].

Flaky tail mice have a defective skin barrier, with

increased percutaneous transfer of antigens and chemical
haptens [29]. Topical application of Dermatophagoides

Figure 1

preronyssinus extract on the steady state skin of Flaky tail
mice induces human AD-like dermatitis accompanied
with increased serum IgE [29]. The mRNA expression
levels of interferon (IFN)-y, I1.-4, and IL.-13 were similar
between Flaky tail mice and B6 mice, but there was an
enhancement in the IFN-y and IL.-17 mRNA expression
[29-31]. Of note, spontancous development of AD-like
dermatitis and IgE induction are attenuated by IL-17A
deficiency in flaky-tail mice [32°]. The skin inflammation
is associated with cutaneous expansion of IL.-5-producing
group 2 innate lymphoid cells [33].

Filaggrin-knockout mice

Because loss-of-function mutations in filaggrin are major
predisposing factors for AD in humans, filaggrin-null Flg
(—/—) mice have been generated and backcrossed onto
C57BL/6 and BALB/c [34]. Newborn F/g(—/—) mice
exhibit dry scaly skin as seen in human AD. Despite
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Complexity of cytokine polarity in human atopic dermatitis (AD) and psoriasis. Human AD can be stratified into subtypes by the chronicity of the
lesions (acute or chronic), age (infancy or adult) and genetic background (European or Asian) of the patients, and presence or absence of serum
hyper-IgE (extrinsic or intrinsic, respectively). Dominance of Th2 cytokines is a feature of human AD, especially in the lesions of acute phase or
infant, European, and extrinsic types. However, Th1 and Th17 cytokines are often superimposed in the lesions of chronic phase and adult, Asian,
and intrinsic types. The cytokine profile of human psoriasis is monotonously dominated by Th17 and Th1 types. Th22 type cytokines are increased
in both AD and psoriasis, probably affecting the epidermal homeostasis, such as acanthosis and production of antimicrobial peptides. Various
murine models for AD and psoriasis are available. However, none of these fully recapitulates the features of corresponding human disease.
IL-23-injected mice, showing a similarity of 37% to human AD, exhibit a mixture of AD and psoriasis in cytokine polarity. NC/Nga and Hapten/
repeated models show Th2-dominant pattern. OVA/repeated and Flaky tail mice show activation of multiple cytokine axes including Th1 and Th17.
Hapten/re-exposure induces activation of Th1/Th17, which might reflect the very early phase of human AD or allergic contact dermatitis. Filaggrin
(—/—) mice show poor inflammatory response under normal condition. Models for psoriasis, such as K5.StatC, K14-ARGE, K5-TGFB1, K5-Tie2,
and imiquimod (IMQ)-applied mice, are varied if the transcripts are closely analyzed.
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the decrease in natural moisturizing factor levels (the final
products of filaggrin), stratum corneum is well hydrated
and transepidermal water loss is normal in adult F/g(—/—)
mice [34]. Under the specific pathogen free condition, Flg
(—/—) mice do not exhibit spontaneous skin inflamma-
tion. However, repeated percutaneous application of
ovalbumin (OVA) results in higher serum levels of
OVA-specific [gG1 and IgE, both of which are markers
for the Th2-type response [34]. The facilitated antigen
penetration through the filaggrin deficient stratum cor-
neum exaggerates responses to irritants (croton oil), hap-
tens such as dinitrofluorobenzene (DNFB), and protein
antigens, including Th1 and Th2 responses, in F/g(—/—)
skin [34]. The polarity of cytokine profiles in the skin of
F/g(—/—) mice requires further investigation.

Epicutaneous ovalbumin exposure model
T'his model mimics multiple extrinsic allergen exposures,
which is considered to occur in patients with AD. Typi-
cally, BALB/c mice are epicutaneously exposed to oval-
bumin for 3 weeks; each week being separated by a
2-week resting period. This procedure results in a rise
in total and antigen-specific serum IgE and leads to the
development of a dermatitis characterized by infiltration
of T cells, eosinophils, and neutrophils and by local
expression of mRNA for the cytokines 11.-4, 1L.-5, and
IFN-vy [35-38].

Thickening of the skin is mediated by IFN-y, IL.-4, and
IL-5, whereas the infiltration of T cells or eosinophils
depends more on IL.-4 or IL.-5, respectively. Therefore,
both Th2 and Thl cytokines seem to play roles in the
inflammation and hypertrophy of OVA-exposed skin
[35,36]. Total IgE (a marker of Th2 response) and 1gG2a
(a marker of Thl response) arise after the second expo-
sure week, followed by an increase of OVA-specific IgE
later. Other cytokines such as IL-1B, tumor necrosis
factor (I'NF)-a, IL.-10, IL.-13, and IL.-12p35 also increase
and chemokines and their receptors for both Th1 and Th2
cells are up-regulated [37].

Hapten-challenged mice

Hapten is a low-molecular-weight xenobiotic chemical
that penetrates to the skin and chemically reacts with
self-proteins. Such formed hapten-self complex is re-
cognized as a neo-antigen and induce allergen-specific
effector T' cells in allergic contact dermatitis (ACD), a
T cell-mediated type IV delayed hypersensitivity reac-
tion [39].

The contact hypersensitivity reaction (CHS) is a cell
mediated response to epicutanecously applied haptens
or allergens, which simulates human ACD. This reaction
consists of two phases. The mice are exposed to a hapten
by a location distal to the site of elicitation (sensitization).
Typically, following an intermission, mice are subjected
to re-exposure (single challenge) to the hapten during the

elicitation phase [40]. Studies on CHS in animals using
hapten indicate hapten-specific type 1 CD4" and CD8"
T cells (Th1 and Tcl cells, respectively) act as effectors;
whereas Th2 cells function as regulatory elements [41].

In contrast, repeated elicitation of CHS with haptens,
such as oxazolone and 2,4,6-trinitrochlorobenzene
('I'NCB), is often used to induce murine AD-like models.
T'he shift in the time course of antigen-specific response
from a delayed-type to an early-type response in this
model is reflected as the shift of cutaneous cytokine
profiles from a Thi-like (IL-2, IL.-3, and IFN-y) to a
Th2-like (IL-4, IL-10, and TNF-«a) [42°,43,44]. It accom-
panies with epidermal hyperplasia, massive accumulation
of CD4" T cells beneath the epidermis, and elevation of
antigen-specific serum IgE [42°,43,45]. This model emu-
lates some findings of human AD such as pruritic derma-
tosis with epidermal hyperplasia and aberrant expression
of differentiation proteins, filaggrin, loricrin, and involu-
crin in the epidermis [45].

NC/Nga and NC/Tnd mice

NC/Nga and NC/Tnd mice spontancously develop itchy
skin lesions, which resemble human AD clinically and
histologically [46,47]. The skin lesions develop under an
air-“un”regulated conventional circumstance from 6 to
8 weeks of age, whereas they do not in air-regulated
specific pathogen-free conditions [47]. Serum IgE levels
of NC/Nga increase from 8 weeks of age in correlation
with disease severity. Mast cells and IL-4 producing
CD4" T cells are increased in the skin. Th2 chemokines,
such as thymus- and activation-regulated chemokine
(TARC), macrophage-derived chemokine (MDC), are
overproduced in the lesion [48]; a condition which mimics
human AD phenotypes. The overproduction of IgE is
explained with a defective IFN-y production by T cells in
response to I1.-12 and a low responsiveness of B cells to
IFN-y in NC/Nga mice [49]. The phenotype of NC
strains is linked to a region of an unknown function,
Derm 1, on chromosome 9 [50].

Dust mite antigen-challenged mice (see also
NC/Nga and NC/Tnd)

AD-like dermatitis can be induced by application of
crude extract of Dermatophagoides farinae at a concentra-
tion of 1 or 10 mg/ml, painted 5 times repeatedly at an
interval of 7 days onto the ear of NC/Nga or BALB/c
mice with or without simultancous tape-stripping [51].
The inflammatory changes are more evident in NC/Nga
mice than in BALB/c mice and potentiated by tape-
stripping. The ear swelling is accompanied by increased
serum IgE, increased 11.-4 mRNA, and decreased IFN-y
mRNA levels.

Assessment of murine AD models
To analyze the complexity of human AD, murine models
of AD are essential. However, the fidelity of each AD

www.sciencedirect.com

Current Opinion in Immunology 2017, 48:99-107



102 Allergy and hypersensitivity

model has not been evaluated. Utilizing transcriptomic
profiling, 6 common murine models of AD have been
compared with the human AD. Transcriptomic profiling
was performed by using microarrays and quantitative
RT-PCR on biopsy specimens from NC/Nga, flaky
tail, F/g-mutated, ovalbumin-challenged, oxazolone-
challenged, and IL-23-injected mice (Table 1) [24°°].
Gene expression data of patients with extrinsic and
intrinsic AD, psoriasis, and contact dermatitis were
obtained from previous patient cohorts (T'able 1) [24°°].

Murine models that show the largest homology with

a human meta-analysis-derived AD transcriptome are
IL-23-injected, NC/Nga, and oxazolone-challenged mice

Table 1

at 37%, 18%, and 17%, respectively (see the column
“T'ranscriptome homology to AD [%]’ in Tables 1 and
2). Similar to human AD, robust Th1, Th2, and also Th17
activation are seen in IL-23-injected and NC/Nga mice,
with similar but weaker inflammation in ovalbumin-
challenged mice. Oxazolone-challenged mice show a
Thl-centered reaction, and flaky tail mice demonstrate
a strong Th17 polarization. F/g-mutated mice display
filaggrin downregulation without significant inflammation
[24°°]. Therefore, no single murine model fully captures
all aspects of the AD profile; instead, each model reflects
different immune or barrier disease aspects. Overall,
among the 6 murine models, IL-23-injected mice best
simulate human AD ('T'able 1).

Cytokine multiplicity in comparison between mouse atopic dermatitis models and human atopic dermatitis

Model Th1/TcA Th2/ Hyper-Ig Th17/ Th22/Tc22 Th9/ TNF-a IL-18 IL-6 Transcriptome Reference
Tc2 Tcl17 Tc9 homology to AD
(% of MADAD
DEGs [16])
Flaky tail Yes? Yes Yes Yes®  Yes ? ? Yes Yes 4% [24°°,29,30,32°]
Flg-mutated® No No  No° No No ? ? No ? 1% [24°°]
NC/Nga; NC/Tnd Suppressed Yes Yes Yes Yes ? ? Yes ? 18% [24°7]
Ova/repeated Yes Yes Yes Yes ? ? Yes Yes ? 11% [24°°]
Hapten/re-exposure  Yes No No ? ? ? No Yes Yes NA [43]
Hapten/repeated Suppressed Yes Yes Yes ? ? Yes Yes Yes 17% (oxazolone) [24°°,43]
Human; children Suppressed Yes Yes No Less No ? ? ? NA [26°7]
Human; adults Suppressed Yes Yes No Enhanced Yes ? ? ? NA [26°°]
Human; European Less Yes Yes Less Less ? ? ? ? NA [23°7]
Human; Asian Yes Yes Yes Yes Yes ? ? ? ? NA [23°]
Human; extrinsic Less Yes Yes Less Less Less ? ? ? NA [25°°]
Human; intrinsic Higher Yes No Higher Higher Higher ? ? ? NA [25°7]

NA, not available; ?, unknown or not described; MADAD, meta-analysis-derived atopic dermatitis [24°°]; DEG, differentially expressed gene [24°°].

@ Exaggerated sensitization to ovalbumin [30-31].
b Attenuated inflammation in the absence of IL-17A [32°].

¢ Shows exaggerated Th1/Th2 responses to repeated hapten elicitation.

Table 2

Cytokine multiplicity in comparison between mouse psoriasis models and human psoriasis

Model Th1/Tc1  Th2/ Hyper-Ig Th17/ Th22/Tc22 Th9/ TNF-a IL-1B IL-6 Transcriptome Reference
Tc2 Tc17 Tc9 homology to AD
(% of MADAD
DEGs [16])
K5-Tie2 Yes® ? ? Yes®  Yes ? Yes No Yes/No® NA [60,62°°]
IMQ No ? ? Yes Yes ? No/Yes® Yes No® NA [62°°,63]
K14-ARGE Yes ? ? Yes®  Yes/No® ? Yes Yes Yes NA [62°°]
K5.Stat3C Yes ? ? YesP Yes/No® ? Yes Yes Yes NA [62°°,68]
K5-TGFp1 Yes® ? ? Yes®  Yes/No® ? Yes Yes Yes NA [62°°]
IL-23 injected  Yes Yes ? Yes Yes ? ? Yes Yes 37% [62°°,70-72]
Human Yes No NA Yes Yes Yes' Yes Yes  Yes NA [54]

NA, not available; ?, unknown or not described; MADAD, meta-analysis-

derived atopic dermatitis [16]; DEG, differentially expressed gene [16].

2 Increased Ifng but decreased either //72a or Cxcl11 transcript in K5-Tei2 or K5-TGFB1, respectively, in a study (see Swindell et al., Figure 13S) [62°°].
® Only marginal increase of //17a transcript in a study (see Swindell et al., Figure 13S) [62°°].

¢ Decreased or only marginal /6 transcript in a study (see Swindell et al., Figure 13S) [62°°].

d Aldara (imiquimod)-induced dermatitis is attenuated in TNF-o deficient mice [63].

¢ Only marginal or decreased changes of //22 transcript in a study (see Swindell et al., Figure 13S) [62°°].

fTh9 cells are increased in psoriasis and AD [59].

Current Opinion in Immunology 2017, 48:99-107
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However, we must be careful in interpreting the data and
comparing them between mice and human. Firstly, too
much focusing on the transcriptome in cytokines may
be misleading. The receptor affinity of cytokines as
proteins is different. For example, the equilibrium dis-
sociation constant (Kd) between IFN-y and its receptor
(IFN-yRa) is 10 nM [52]. In the case of IL.-4, however,
Kd between the IL-4/IL-4Ra complex and one of the
two low affinity subunits IL.-13Ra1 or common +y chain is
1 to 2 pM [53]. Therefore, less mRNA does not always
mean reduction of the biological activity of the corre-
sponding protein. Secondly, mouse models are incapable
in reproducing the transition of cytokine profiles in
ageing skin lesions of human AD from Th2 to Thl
polarity. Finally, murine models and transcriptomic
analyses have not succeeded to evaluate apoptosis of
keratinocytes, a major mechanism of eczema/spongiosis
formation [22].

Murine models of psoriasis

Psoriasis is one of the most common inflammatory skin
disorders in developed countries, especially in Caucasian
population [54]. Although the pathogenesis of psoriasis is
not fully revealed, effectiveness of biologics against
T'NF-a, [L.-17, and IL-23, clearly indicates a pivotal role
of 1L.-23/Th17 axis on the development of psoriasis [3].
Anti-I'NF-a¢ monoclonal antibodies (infliximab and
adalimumab) and etanercept (dimeric fusion protein
consisting of the extracellular ligand-binding portion of
the human p75 TNF receptor linked to the Fc¢ portion
of human IgG1) show a high efficacy for psoriasis. Con-
tribution of the I1.-17/11.-23 axis inflammation in psoriasis
is evident by the high efficacy of antibodies against [1.-23
(ustekinumab [anti-IL-12p40], and guselkumab and
tildrakizumab [anti-1L-23p29]), IL-17 (secukinumab
and ixekizumab [anti-IL.-17A]), and receptor for IL.-17
(brodalumab [anti-ILL-17RA]) [3,55]. There are numerous
mouse models of psoriasis with various degrees of reca-
pitulation [56-58]. Role of Th9 cells, which are increased
in psoriasis and atopic dermatitis, is not known [59].

K5-Tie2 mice

K5-tTA-driven conditional expression of Tie2, the
endothelial specific receptor tyrosine kinase, in basal
keratinocytes leads to the development of a psoriasiform
phenotype [60]. Spontancously developed findings
are hallmarks of human psoriasis including acanthosis,
increases in dermal CD4" T cells, infiltrating epidermal
CD8" T cells, dermal dendritic cells and macrophages,
and increased expression of cytokines and chemokines
associated with psoriasis, including IFN-vy, TNF-a,
and IL-1a, IL-6, IL-12, I1L.-22, IL.-23, and IL-17. Anti-
microbial molecules, cathelicidin, B-defensin, and
S100A8/A9, are also up-regulated in the hyperpro-
liferative skin. These features can be reversed by re-
pression of the transgene and improved by systemic
cyclosporin A.

Imiquimod applied mice

Topical application of imiquimod (IMQ), a TLR7/8
ligand and potent immune activator, can induce psoriasi-
form dermatitis [61]. Daily application of IMQ on mouse
skin induces inflamed scaly skin lesions resembling
plaque-type psoriasis. These lesions show increased epi-
dermal proliferation, abnormal differentiation, epidermal
accumulation of neutrophils in microabscesses, neoangio-
genesis, and infiltrates of CD4* T cells, CD11c¢* dendritic
cells, and plasmacytoid dendritic cells. IMQ induces
epidermal expression of I1.-23, IL-17A, and IL-17F.
Disease development is blocked in mice deficient for
IL-23 or the IL.-17 receptor, indicating a pivotal role of
the IL.-23/IL.-17 axis in this model. /fzg is not increased in
a genome-wide expression profiling (see Figure S13 in
reference [48]) [62°°]. On the other hand, IMQ-mediated
dermatitis is suppressed in TNF-a deficient mice [63].

K14-ARGE and INV-AR mice

K14-ARGE and INV-AR transgenic mice express
human amphiregulin in the basal epidermis by human
keratin 14-promoter and in the supra-basal epidermis
by human involucrin-enhancer/promoter, respectively
[64,65]. These transgenic mice possess a limited lifespan
and scaling, papillomatous, erythematous skin with par-
tial alopecia. Furthermore, synovial inflammation
appears around 2 to 3 weeks of age, which may mimic
psoriatic arthritis. A dermal and epidermal infiltrate is
consisted of neutrophils and CD3* T cells. A microarray
based profiling of the affected ear and tail skin of K14-
ARGE indicates increased expression of 7uf, Ifng, 1/6,
Cxcl10, and I1gh2, all of which are disease contributors to
human psoriasis [62°°].

K5.Stat3C mice

Constitutively activated form of Stat3 (Stat3C) is
expressed in epidermal keratinocytes under the control
of bovine K5 regulatory sequence in K5.Stat3C mice [66].
These transgenic mice develop a skin phenotype either
spontaneously, or in response to wounding, that closely
resembles psoriasis. The development of psoriatic lesions
in K5.Stat3C mice requires cooperation between Stat3
activation in keratinocytes and activated T' cells. Abro-
gation of Stat3 function by a decoy oligonucleotide inhi-
bits the onset and reverses established psoriatic lesions in
this model.

In the 12-O-tetradecanoylphorbol-13-acetate-induced
psoriasis-like lesions in K5.Stat3C mice, increased tran-
script levels for 11.-23, IL-17A, IL-17F, and IL.-22, TNF-
o, amphiregulin, HB-epidermal growth factor (EGF), and
transforming growth factor (T'GF)-a, similar to human
psoriasis [67,68].

K5-TGF31 mice
Human TGFB1, a potent keratinocyte growth inhibitor,
is overexpressed in keratinocytes under the control of
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bovine K5 promoter in K5-TGFB1 mice, which develop
inflammatory skin lesions with appearance of psoriasis-
like plaques, generalized scaly erythema, and Koebner’s
phenomenon [69]. These lesions were characterized by
epidermal hyperproliferation, massive infiltration of neu-
trophils, T cells, and macrophages to the epidermis and
superficial dermis, subcorneal microabscesses, basement
membrane degradation, and angiogenesis. A microarray
study indicates increased expression of T#f, Ifug, IL.6, and
Cxc/10 in the lesion of K5-TGFB1 mice [62°°].

IL-23-injected mice

Intradermal administration of IL.-23 initiates a cascade of
events resulting in erythema, mixed dermal infiltrates,
and epidermal hyperplasia associated with parakeratosis
[70]. IL-23 induces 1L-17A, IL-22, 1L.-19, and 11.-24
expression in mouse skin, all of which are elevated in
human psoriasis [70,71]. The epidermal hyperplasia is
dependent on IL-17A and IL.-22, but not on IL.-19 and
IL.-24 [70,71]. The psoriasis-like phenotype of this model
requires IL-6, which induces expression of 1L-22R1A
[72]. These data implicate the importance of 11.-23 and
IL-22 in the pathogenesis of psoriasis.

Assessment of psoriasis murine models
Although clinical appearance of psoriasis vulgaris in
humans is characterized by a certain level of uniformity,
no single murine model recapitulates all features of the
human disease. Thus, five psoriasis mouse models have
been evaluated by whole-genome transcriptional pro-
filing (Table 2) [62°°]. K5-Tie2, IMQ, K14-AREG,
K5-Stat3C, and K5-TGFB1 mice were selected. For all
five models, correspondence to the human disease was
strong with respect to genes involved in epidermal devel-
opment and keratinization. Immune and inflammation-
associated gene expression, in contrast, was more variable
between models as compared to the human disease
(Table 2 and Figure S13 in Ref. [62°°]).

The levels of Th1/Tcl-related transcripts vary: Ifng is
increased in human psoriasis whereas it is decreased in
IMQ model, only marginal in K5-Tie2 and K14-AREG
(tail lesion), and increased to human level in K14-AREG
(ear lesion), K5.Stat3C, and K5-TGFR1 [62°°]. Other
Th1/Tcl-transcripts such as Cxc/l, Cxc/9, Cxc/10, and
Cxcll1 are not so increased to the levels of human coun-
terpart, except K14-AREG [62°°].

T'h2-polarity is not detected in human psoriasis vulgaris,
whereas it is not precisely evaluated in most of the murine
models for psoriasis except [L-23-injected mice, in which
1713 transcript was up-regulated to a higher level than
that of epicutaneous ovalbumin exposure model and NC/
Nga mice (murine models for AD) [24°°]. Furthermore,
the IL-23 model captures some lipid, tight junction
(CLDNS), and water channel (aquaporin 7) deficiencies,

which were reported to characterize the barrier defects in
patients with AD [24°°].

IL-17/1L-23-axis is increased in all of psoriasis models.
However, the increase of I/17a transcript is only marginal
in K5-Tie2, K14-ARGE, K5.Stat3C, K5-TGFB1 models.
1722 transcript level is marginal in K5.Stat3C and K5-
TGFB and rather decreased in K14-ARGE [62°°].

These variations in transcript levels reveal the similarities
and differences among human psoriasis and its murine
models. However, further study is required to confirm
these finding at the protein level. Therefore, similar
caveats must be noted as discussed in the assessment
of murine AD models.

Conclusion

Animal models of AD and psoriasis have promoted our
understanding of the complex pathogenesis of human AD
and psoriasis and provided us with potential targets for
new therapies including biologics. Ongoing clinical trials
and whole transcriptomic analyses of human specimens
are, in turn, unveiling unexpected similarities between
the AD and psoriasis and humans [3]. With the state-of-
the-art technologies, applying collective and comprehen-
sive approaches, such as transcriptomics, proteomics, or
lipidomics, onto mouse models and human materials is
feasible. To continue revisiting and evaluating the cur-
rent animal models will lead to better utilization of them
in proper ways.
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