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Abstract
Numerous Atopic Dermatitis(AD)mouse models have been established to better understand this disease. However, the 

establishment of current available AD mouse models is time consuming and highly cost. In this study, we established a cost-
efficient AD mouse model by topical application of Ovalbumin (OVA), superantigen Staphylococcal Enterotoxin B (SEB) and 
Calcipotriene Ointment(CO) on the back of BALB/c mice. Experimental mice were topically treated with (1) OVA/SEB and (2) 
OVA/SEB/CO, or (3) Non-Treated (NT) control every other day during 15 days of induction. Clinical alterations in the skin area 
were monitored and measured every other day with Reflectance Confocal Microscopy (RCM) and H&E histological staining. 
Blood samples and skin biopsies were harvested at different times to assess IL-2, IL-4, IL-31, IFN-γ, TNF-α, pruritus-associated 
Nerve Growth Factor (NGF) and serum IgE levels. Human AD-like cutaneous local inflammatory reaction was characterized 
by the accumulation of inflammatory cells, increased epidermal thickness and IgE serum levels as well as Th1 cell-associated 
cytokines (IFN-γ,TNF-α), Th2 cell-associated cytokines(IL-4, IL-31) and pruritus-associated Nerve Growth Factor(NGF)in the 
experimental group through comparing with the non-treated control group. 
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Introduction
Atopic Dermatitis (AD) is one of the most common chronic 

skin inflammatory diseases that affect 10-20% of infants and 1-3% 
of adults worldwide. The main feature of AD is the presence of 
eczematoid, dry and pruritic skin lesions [1,2]. The pathogenesis 
of AD is multifactorial and involves interactions between environ-
mental and genetic factors, thus making it difficult to be effectively 
treated and leading to a huge economic burden [3]. Patients with 
AD usually have a thicker epidermis and the presence of abnormal 
inflammatory cells in skin lesion, high levels of IgE and IL-4 in the 

serum compared to healthy individuals. To investigate the etiology 
of AD, different AD mouse models have been developed, includ-
ing (1) application of epicutaneous sensitizers such as house dust 
mite, superantigen, haptens, Tri Nitro Chloro Benzene (TNCB), 
etc; (2) transgenic mice with manipulated selected genes, such as 
SEB; (3) spontaneous AD-like skin lesions developed in mice. 

Considering the cost and time to establish various models, 
application of Epicutaneous (EC) sensitizers, such as Ovalbumin 
(OVA) and superantigens (such as SEB) to induce AD-like skin 
lesions in mice is one of the most common approaches [4]. Sepergl 
et al. described the presence of a cellular infiltration rich in T cells 
and eosinophils, as well as increased levels of IL-4, IL-5 and IFN-γ 
mRNA in the local AD-like skin lesion area of mice after the appli-
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cation of protein antigen OVA [5]. Laouini et al. also showed that 
EC exposure to SEB induced acute elevated Th2 cytokine IL-4, 
but not the Th1 cytokine IFN-γ in an AD-like skin lesion area [6]. 
New insights into the recent findings of Terhi Savink suggested 
that exposure to both SEB and OVA/SEB elicited a mixed Th1/
Th2-associated cytokine and chemokine expression profile in le-
sional skin locally [7]. Huang et al.also showed that BALB/c mice 
subjected to EC application of the recombinant mite induced local-
ized dermatitis characterized by pronounced epidermal hyperpla-
sia and spongiosis, skin infiltration with CD4+/CD8+T cells, and a 
locally and systematically skewed Th2 response [8].

Calcipotriene is a Vitamin D analogue approved as an effec-
tive drug for the treatment of psoriasis [9]. Surprisingly, Li et al. 
found that topical application of Vitamin D analogue was able to 
induce the expression of Thymic Stromal Lymphopoietin (TSLP) 
in epidermal keratinocytes, by which to lead to an atopic derma-
titis-like skin lesion [10]. Furthermore, Turner et al. demonstrated 
that application of calcipotriene induced an AD-like phenotype 
in mice as defined by clinical and histological parameters and in-
creased expression of IL-4 transcripts locally [11].

Although these mouse models are effective to study AD-like 
lesion, they are costly and time consuming. It is well known that 
topical OVA and SEB exposure induced AD-like skin lesions, and 
recently vitamin analogues, like Calcipotriene Ointment (CO), 
have proven to exacerbate AD. To develop more effective AD-like 
models, we reported an AD-like mouse model by sensitization of 
mouse skin with SEB, OVA and CO.

Materials and Methods
Sensitization and Treatment Protocol
Animals: 6-8 weeks old female BALB/c mice were obtained from 
the laboratory animal center of Xiangya School of Medicine at 
Central South University, which supplies a pathogen-free and hu-
midity controlled environment for mouse housing. Animal related 
studies were conducted in accordance with the Declaration of Hel-
sinki and with the Guide for Care and Use of Laboratory Animals 
as adopted and promulgated by the United National Institutes of 
Health. All experimental mouse protocols were approved by the 
Review Committee for the Use of Human or Animal Subjects of 
Xiangya School of Medicine in Central South University.

SEB (Sigma, USA) stock: Prepared at a concentration of • 
2.5μg/mL in sterile Phosphate-Buffered Saline(PBS). Ali-
quots were storage at -200C until use.

OVA (Sigma, USA) stock: Prepared at a concentration of • 
1mg/mL in sterile Phosphate-Buffered Saline(PBS). Aliquots 
were storage at -200C until use.

CO: Produced by LEO Laboratories Limited. Approval num-• 
ber: H20100803

Others: chloral hydrate (liq.), test chambers (used for patch-• 
test), PBS, medical infusion paste, Veet (depilatory cream, 
France).

Contact Sensitization and Elicitation Procedure
The skin of the dorsal back(1cm2) of 8 weeks old female 

mice were marked, shaved and depilated under anesthesia with 
10% chloral hydrate and sensitized afterwards accordingly to three 
groups: (1) OVA/SEB only (2) OVA/SEB/CO and (3) PBS (con-
trol group). Treated skin patch would be then sensitized 24 hours 
later. The dose of SEB and OVA used was 1.25μg and 50μg/patch, 
respectively. The amount of CO solution used was10mg/patch. 
The marked skin patch was consecutively treated every other day 
for a total of eight times during a 15-day experimental period (Fig-
ure 1). Results from 8miceper treatment group were collected and 
analyzed.

Figure 1: Skin surface feature, epidermal thickness and H&E staining 
of skin lesion after treatment.  Skin surface features after treatment with 
vehicle (A), OVA/SEB (B), and OVA/SEB/CO (C). (D). Epidermal thick-
ness of mice, measured by RCM. (E-G) H&E staining of skin lesion after 
treatment, vehicle (E, H), OVA/SEB (F, I), and OVA/SEB/CO (G, H), 
bar size is 20um. OVA/SEB/CO group showed marked hyperplasia of the 
epidermis, numerous inflammatory cells infiltration, hyperkeratosis and 
parakeratosis coexist, focal erosions. Note: * P<0.05.  # P<0.05.

Skin Histology
After the eighth sensitization, treated skin patches were har-

vested, fixed in 10% buffered formalin and embedded in paraf-
fin for routine histopathological examination using4μm sections. 
Images were obtained under the microscope (The Product Mode: 
OLYMPUS CX41). 

Skin Thickness Analysis
The thickness of the skin in each group was measured by Re-

flectance Confocal Microscopy (RCM, Viva Scope 1500, LUCID 
NIC) before the mice were sacrificed.
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Quantitative Real-time PCR Analysis
Skin biopsies obtained from treated patch areas were snap 

frozen in liquid nitrogen and stored in -80°C until use. RNA ex-
traction was performed after skin tissue had been grounded into a 
powder [12]. RNA quantity was determined by measuring opti-
cal density at 260/280nm. cDNA was synthesized using 0.5μg of 
total RNA in total volume of 20μL reaction mixture with Revert 
Aid First Strand cDNA Synthesis Kit (Thermo Scientific, USA). 
The cDNA was then used for Quantitative Real-time PCR (qRT-
PCR, ABI Prism 7700; Applied Biosystems, USA) as previously 
described [13]. The expression of specific genes was analyzed by 
delta-delta Ct method, with β-actin as an internal control. Three 
mice from each group were analyzed. The primers used were listed 
in (Table 1).

Primer 
Name  Sequence (5’-3’)

IL-4 UP GCCATATCCACGGATGCGACAA
DN GGTGTTCTTCGTTGCTGTGAGG

IL-31 UP CATCTCGGTCATCATAGCACATC
DN TTCATCATATTTCCAGGCACAG

IL-2 UP AGATGAACTTGGACCTCTGCG
DN ACTCATCATCGAATTGGCACTC

TNF-α  UP GGAACTGGCAGAAGAGGCACTC
DN GTAGACAGAAGAGCGTGGTGGC

IFN-γ  UP CTCAAGTGGCATAGATGTGGAAG
DN TGCTGATGGCCTGATTGTCT

NGF UP ATAAAGGTTTTGCCAAGGACG
DN AGTGGGCTTCAGGGACAGAG

β-actin UP TTGCAGCTCCTTCGTTGCC
DN GACCCATTCCCACCATCACA

Table 1: Primers Sequences for the qPCR.

Plasma Cytokines Analysis
On the 16th day post induction, mice were sacrificed and 

plasma was collected under centrifugation at 2000 rpmfor 10 min-
utes, and immediately frozen in -80ºC.The samples were complied 
with Bio-Plex Pro™ kit (BIO-RAD, USA) to examine the levels 

of cytokines (IL-2, IL-4, IL-31, IFN-γ, TNF-α and NGF), results 
were analyzed by Bio-Plex system.

Statistical Analysis
Non-parametric Mann-Whitney test and ANOVA were used 

to compare difference among mice groups, and a two-tailed p<0.05 
was considered statistically significant for all comparisons.

Results
Topical Exposure to OVA/SEB/CO induces Skin Inflam-
mation and Exacerbates Allergic Dermatitis

Topical exposure to OVA/SEB/CO induced local erythema 
and epidermal thickening. With continuous stimulation, remark-
able local skin changes, such as erythema, oozing, bleeding and 
crusting were further developed. OVA/SEB sensitized mice only 
showed mild redness and scaling. The PBS-treated control mice 
were normal (Figure 1A-C). Histologic analysis was consistent 
with the skin clinical changes. Topical OVA/SEB/CO exposure 
significantly induced skin thickening and increased accumulation 
of inflammatory cells in the dermis compared to mice treated with 
OVA/SEB only, which mainly induced hyperplasia (increased col-
lagen in the dermis) with a mild inflammatory response(a small 
amount of inflammatory cells under tested patches), while vehicle 
(PBS)-sensitized skin patch was normal (Figure 1E-G is×100, H-J 
is×400). Additionally, as measured by RCM, the epidermal thick-
ness was greatly increased in OVA/SEB/CO-treated skin compared 
with either PBS and OVA/SEB treated groups (Figure 1D). 
OVA/SEB/CO Stimulates the Expression of Th1/Th2-
type Cytokines and Pruritus-related Cytokines

Th1-type cytokines, including IFN-γ and TNF-α were in-
creased in the OVA/SEB/CO-treated skin in comparison to the 
PBS-treated control. The expression level of IL-2 is higher in the 
OVA/SEB-treated group than the OVA/SEB/CO-treated group 
(Figure 2). Th2-type cytokines (IL-4, IL-31) expression were lo-
cally elevated in the OVA/SEB/CO group when compared to the 
control group, while IL-4 was only slightly increased in the OVA/
SEB group (Figure 2). Additionally, pruritus-related cytokine NGF 
was significantly increased in the OVA/SEB/CO group compared 
to OVA/SEB and control groups. The expression of NGF in OVA/
SEB and control groups was similar (Figure 2).
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Figure 2: mRNA expression of IL-4, IL-2, IL-31, TNF-α, IFN-γ and NGF 
in mice skin lesion. Data are presented as mean±standard deviation of 
normalized relative quantification index. Statistical analysis by ANOVA 
revealed no significant difference. Note: *Compared with Vehicle group, # 
Compared with OVA/SEB/CO group. 
* P<0.05. **P<0.01. ***P<0.001. # P<0.05. ##P<0.01.

Increased IgE Serum Levels, Th1/Th2-type Cytokines 
and Pruritus-related NGF after Sensitization with OVA/
SEB/CO 

As shown in (Figure 3), IgE serum levels were increased in 
the OVA/SEB/CO group compared to the control group. Th1-type 
cytokines (TNF-α, IL-2) and Th2-type cytokines (IL-4, IL-31) 
were increased in both OVA/SEB and OVA/SEB/CO groups. The 
efficiency of OVA/SEB/CO for AD induction was stronger than 
OVA/SEB. Surprisingly, IFN-γ plasma levels were same among 
the three groups. Pruritus-related cytokine NGF levels were sig-

nificantly increased in the OVA/SEB/CO group compared to the 
OVA/SEB and control groups, and the NGF levels did not change 
in the OVA/SEB group (Figure 3).

Figure 3: Serum level of IgE and cytokine (IL-2, IL-4, IL-31, TNF-α, 
IFN-γ and NGF) in mice. (n=5~10). Note: *Compared with Vehicle group, 
# Compared with OVA/SEB/CO group. * P<0.05. **P<0.01. ***P<0.001. 
##P<0.01. 

Discussion
We report that topical application of sensitizers, OVA/SEB/

CO, on the dorsal skin of mouse back induced a human AD-like 
animal model with features including skin inflammation, severe al-
lergic dermatitis, thickened epidermis and the presence of inflam-
matory cells in affected areas as well as increased serum levels of 
IgE and IL-4. This human AD-like mouse model is easy to estab-
lish and convenient to use, thus provides an effective tool to study 
AD etiology and pathogenesis, as well as develop future therapeu-
tic alternatives for human AD. 
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Worth noting that EC exposure to OVA/SEB/CO elicited an 
intense local cutaneous inflammatory response compared to OVA/
SEB and control groups. This inflammatory reaction was charac-
terized by erythema, oozing, bleeding and crusting (Figure 1C), 
increased epidermal thickness with infiltration of numerous in-
flammatory cells (Figure 1G). Results were verified by RCT, as 
shown in Figure 1D. RCM, adopted by Confocal Laser Scanning 
Microscopy (CLSM), is a novel tool that provides skin images in 
horizontal plane at a level of resolution that allows the view of 
microanatomic structures [14]. Compared to pathologic examina-
tion, RCM is a noninvasive, real-time, dynamic skin diagnostic 
imaging technique that is used to track the normal morphology and 
physiological functions of live cells and provides information of 
the tissue microstructure and metabolic process without the need 
to sacrifice the mice. RCM was initially used for the diagnosis 
of skin tumors, hemangiomas, and infectious skin diseases and is 
useful in the skin examination of patients with AD. 

In the acute stage of AD, Th2 cytokines IL-4, IL-5, and IL-
13 are predominant, whereas Th1 cytokine IFN-γ is expressed at 
late stages of the disease [15]. Our study shows a higher expres-
sion of Th2-type cytokines IL-4, IL-31 and Th1-type cytokines 
IFN-γ, IL-2 and TNF-α in the group exposed to OVA/SEB/CO 
sensitization. These results are consistent with previous studies 
from Savinko who et al. who suggested that SEB and OVA/SEB 
exposure elicited a mixed Th1/Th2-associated cytokine expression 
profile within the skin [6,7]. 

Additionally, IL-31 and NGF were highly expressed in the 
OVA/SEB/CO group as shown in (Figure 2 and Figure 3). IL-31 
is over expressed in pruritic skin diseases like AD compared with 
non-pruritic skin inflammation like psoriasis. In the study of pa-
tients with AD, activated leukocytes expressed significantly higher 
levels of IL-31 compared to control groups [16]. NGF levels in 
patients with AD were also higher compared to a healthy group, 
and were related to the severity of pruritus, erythema, and inflam-
matory cells [17].The relationship between NGF and pruritic dis-
eases like AD is still not well understood. Current results suggest 
that both IL-31and NGF may serve as novel targets for developing 
antipruritic drugs in the future.

In conclusion, our study indicates that the combination of 
clinical features, histopathology and cytokine expression panel ob-
tained from our mouse model simulated human AD skin features. 
Considering that topically application of OVA, SEB, or both to 
establish an AD mouse model usually requires 7 or more weeks, 
and CO-treated models require transgenic mice, our current model 

is in advantage because of the lower cost and time saving, which 
are crucial for efficient study for this challenging skin disorder, 
where time, costs and quality of life of patient are key to seek a 
relief in the cardinal symptom of this pruritus condition. Although 
the relationship between CO and AD has not been completely un-
derstood, data from multiple clinical researches indicated that CO 
could induce or worsen the condition. To our knowledge, this is the 
first study that demonstrated the addition of CO to a basic OVA/
SEB treated mice could elicit a perfect AD model on normal mice 
skin, moreover, this model has a very similar skin lesions seen in 
human patients with AD. 
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