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from dysregulated proliferation and differentiation of epi-
dermal keratinocytes driven by infiltrating lymphocytes 
and their released cytokines  [1] . In particular, type 1 T 
cells consisting of T-helper (Th)1 and T-cytotoxic (Tc)1 
cells have attracted attention as psoriasis patients have 
type 1 bias in lesional skin and peripheral blood  [2] . 
Among type 1 cytokines, interferon (IFN)-γ has been in-
dicated to be crucial to the pathogenesis of psoriasis  [3, 4] . 
Another type 1 cytokine, tumor necrosis factor (TNF)-α, 
has also been recognized as an important factor in the 
pathogenesis of this disease, as anti-TNF-α biologics such 
as etanercept have been found extremely effective in treat-
ing psoriasis  [5] . In addition, Th17 cells were also recent-
ly discovered to contribute to the development of psoriasis 
 [6] . Expression of Th17-producing cytokines, interleukin 
(IL)-17 and IL-22, which is increased in psoriatic skin le-
sions, was subsequently reduced on treatment with cyclo-
sporin A or etanercept  [7, 8] . 

  Atopic dermatitis, like psoriasis, results from disrupted 
skin homeostasis and dysregulated immune response  [9] . 
Histopathologically, activated mast cells, eosinophils and 
IL-4-, IL-5- and IL-13-producing Th2 cells are observed in 
acute lesional skin  [9] , and are thought to play a key role in 
the development of dermatitis. On the other hand, chron-
ic atopic lesions have increased numbers of IL-12 and 
IFN-γ mRNA-expressing cells, which suggests the contri-
bution of Th1 cells to the characteristic symptoms like 
thickened skin, lichenification and fibrotic papules, where 
epidermis is hyperplastic  [9–11] . Recent studies revealed 
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 Abstract 

 The effect of CP-690550 (tofacitinib), a new Janus kinase (JAK) 
inhibitor, was evaluated in chronic allergic dermatitis. Allergic 
contact dermatitis was induced in rat ears by repeated applica-
tion of oxazolone. This dermatitis was accompanied by sus-
tained ear swelling and marked epidermal hyperplasia. In the 
induced ear, a lot of inflammatory cells infiltrated into the der-
mis site and the amounts of interferon (IFN)-γ, tumor necrosis 
factor (TNF)-α, and interleukin (IL)-22 were elevated. Orally ad-
ministered CP-690550 significantly suppressed ear swelling as 
well as epidermal thickening, and the effect at 10 mg/kg was 
comparable to that of cyclosporin A and etanercept. These re-
sults suggest a great potential of CP-690550, a JAK inhibitor, 
as a treatment for chronic dermatitis featuring epidermal hy-
perplasia (in the pathogenesis of which IFN-γ, TNF-α and IL-22 
play a role) such as psoriasis and chronic atopic dermatitis. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction  

 Psoriasis and atopic dermatitis are common, chronic, 
inflammatory skin disorders. Psoriatic skin is character-
ized by prominent epidermal hyperplasia, which results 

 Received: November 30, 2012 
 Accepted after revision: January 15, 2013 
 Published online: March 11, 2013 

 Yasutomo Fujii 
 Miyukigaoka 21 
 Tsukuba, Ibaraki, 305-8585 (Japan) 
 E-Mail yasutomo.fujii   @   astellas.com    

 © 2013 S. Karger AG, Basel
0031–7012/13/0914–0207$38.00/0 

 www.karger.com/pha 



 Fujii/Sengoku
 

Pharmacology 2013;91:207–213
DOI: 10.1159/000347184

208

that IL-22 mRNA level also increases in chronic atopic le-
sions  [12] . Therefore, T cells and cytokines implicated in 
the pathogenesis of psoriasis and atopic dermatitis have 
been appreciated as potential therapeutic targets, and in-
deed immunosuppressive agents targeting T cells such as 
tacrolimus and cyclosporin A have demonstrated efficacy 
in alleviating chronic inflammatory skin disorders  [5, 13] .

  Cytokines exert biological effects by binding to their 
cognate receptors, which activate Janus kinases (JAKs), a 
small family of cytoplasmic protein tyrosine kinases com-
prising JAK1, JAK2, JAK3, and tyrosine kinase 2, and then 
signal transducers and activators of transcription (STAT) 
proteins to induce specific gene expression  [14, 15] . Ge-
netic studies have established that different classes of cyto-
kine receptors preferentially use any one or combination 
of four JAK family members and a specific downstream 
STAT protein  [15] . JAK1 and JAK3 are both required for 
signaling through common γ-chain-containing receptors 
for cytokines including IL-2, IL-4, IL-7, IL-9, IL-15 and IL-
21, which are integral to lymphocyte function  [16] . JAK1 
also plays a key role in signal transduction of proinflam-
matory cytokines such as IL-6 and IFN-γ  [16] . JAK2 and 
tyrosine kinase 2 are known to transmit the signals derived 
from IL-12 and IL-23 receptors  [14] . Therefore, the inhibi-
tion of JAK activities may be a promising therapeutic strat-
egy for immune and inflammatory disorders. 

  CP-690550 (tofacitinib) is a novel oral JAK inhibitor 
which inhibits all four JAK family members with nano-
molar potency  [17] . This study describes the effect of CP-
690550 in the rat model of oxazolone-induced chronic 
dermatitis where epidermal thickening may be induced 
through the contribution of IFN-γ, TNF-α and IL-22, and 
investigates the potential of JAK inhibitor therapy for 
chronic, inflammatory skin disorders such as psoriasis 
and atopic dermatitis.

  Materials and Methods 

 Animals 
 Sprague Dawley rats (female, 6 weeks old) purchased from 

Charles River Laboratories Japan, Inc. (Kanagawa, Japan) were 
housed under specific pathogen-free conditions, fed a standard 
laboratory diet, given water ad libitum, and then used for respec-
tive experiments after an appropriate acclimation period. All ani-
mal experimental procedures were approved by the Committee for 
Animal Experiments of Astellas Pharma Inc. 

  Chemicals  
 Oxazolone (Sigma Chemical Co. Ltd., St. Louis, Mo., USA) was 

dissolved in ethanol to a concentration of 2% (w/v) for initial sensi-
tization or in vehicle [acetone:olive oil (4:   1)] to 1.6% (w/v) for sub-
sequent application to the ear. CP-690550 was prepared at Astellas 

Pharma Inc. (Tsukuba, Japan) and dissolved in 50% (v/v) polyeth-
ylene glycol in water solution to appropriate concentrations. Cyclo-
sporin A was prepared at Astellas Pharma Inc. or commercially ob-
tained from Novartis International AG (Basel, Switzerland). The 
former was dissolved in a mixture of olive oil/Labrafil/ethanol, while 
the latter was diluted with physiological saline to prepare a 2 mg/ml 
solution. Etanercept, Enbrel ®  (Amgen, Thousand Oaks, Calif., 
USA) was diluted with physiological saline to 10 mg/ml.

  Experimental Protocol  
 Chronic allergic dermatitis was induced as described in the pre-

vious report  [18] . Namely, Sprague Dawley rats were sensitized by 
the application of 300 μl of 2% oxazolone to the abdomen, after 
which 100 μl of 1.6% oxazolone was applied to both sides of the 
right ear every 3 days starting from 7 days after sensitization. As a 
negative control, the above-described olive oil-acetone mixture 
was applied in the same way after sensitization. Ear thickness was 
measured using a dial thickness gauge (Ozaki Seisakusho Co. Ltd., 
Tokyo, Japan) 7 days after sensitization and then 72 h after each 
application of oxazolone. CP-690550 and cyclosporin A were oral-
ly administered at 5 ml/kg once a day starting from 7 days after 
sensitization. Etanercept was subcutaneously injected at 1 ml/kg on 
the day of sensitization, on days 3 and 7, and every 3 days thence. 
Each drug was given 1 h before each application of oxazolone. 

  Measurement of IFN-γ, IL-17, IL-22 and TNF-α Contents in 
the Ear  
 Samples of ear tissue extract for enzyme-linked immunosorbent 

assay (ELISA) were prepared according to the method described by 
Fujii et al.  [18] . Briefly, ears were excised 6 h after the final applica-
tion of oxazolone and homogenized with 0.1% (v/v) Tween 20 in 
phosphate-buffered saline. Homogenates were frozen at –30   °   C for 
30 min, and then thawed in a 37   °   C water bath for 15 min, a proce-
dure which was subsequently repeated twice. The samples were 
then sonicated for 1 min and centrifuged for 20 min at 2,000  g . Col-
lected supernatants were centrifuged again for 15 min at 20,000  g , 
and the lower layer of the supernatants was collected by avoiding 
contamination by the upper lipid layer. Collected samples were 
stored at –30   °   C until ELISA measurements were taken for IFN-γ, 
TNF-α (BD Biosciences Pharmingen, San Diego, Calif., USA), IL-
17 (eBioscience, San Diego, Calif., USA) and IL-22 (R&D Systems 
Inc., Minneapolis, Minn., USA); these measurements were carried 
out according to the manufacturers’ instructions. 

  Histopathological Study and Measurement of Epidermal 
Thickness in the Ear  
 Rat ears were excised 72 h after the final application of oxazo-

lone and fixed in 10% buffered formalin solution, embedded in 
paraffin by standard methods, and cut into 3-μm-thick sections. 
Sliced samples were stained with hematoxylin-eosin (HE), and 
then assessed via light microscopy. After the microscopic fields 
were photographed, epidermal thickness measured as the distance 
from the bottom of the stratum corneum to the basement mem-
brane in the interfollicular epidermis was determined from the 
mean of four random fields for which five measurements were av-
eraged  [18] . 

  Statistical Analysis  
 Data are expressed as the mean ± standard error of means 

(SEM). Significant differences between two groups were deter-
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mined using Student’s t test, while those between more than two 
groups were assessed using Dunnett’s multiple comparison test. p 
< 0.05 was considered significant. 

  Results  

 Changes in Cytokine Expression Levels in Rat Ears 
Receiving Repeated Application of Oxazolone 
 As shown in the previous report  [18] , the rat ear receiv-

ing topical application of oxazolone every 3 days, starting 
from 7 days after sensitization, exhibited significant thick-
ening from day 10 and thereafter compared to the negative 
control (p < 0.01), with thickening increasing as applica-
tion was repeated ( fig. 1 ). Likewise, oxazolone application 
resulted in a significant increase in IFN-γ level in homog-
enized ear tissues compared to the negative control (p < 
0.01;  table 1 ). To further investigate the involvement of 
cytokines in the development of dermatitis, IL-17, IL-22 
and TNF-α levels in homogenized ear tissues were mea-
sured via ELISA. Production of IL-22 and TNF-α was also 
significantly elevated in the ear receiving repeated applica-
tion of oxazolone (p < 0.01), whereas the elevation of IL-17 
production was slight and not significant ( table 1 ). 

  Effects of CP-690550 on Oxazolone-Induced Chronic 
Dermatitis  
 We evaluated the effect of CP-690550 on oxazolone-in-

duced chronic dermatitis. CP-690550 suppressed ear thick-
ening and the effect at 10 mg/kg was greater than that at 1 and 
3 mg/kg, in which no significant suppression was observed 
on days 10 and 13 ( fig. 1 ). CP-690550 at 10 mg/kg showed 
a significant effect throughout the dosing period. On day 22, 
all doses significantly suppressed ear thickening (p < 0.01). 

  Histopathological analysis revealed that the ear receiv-
ing repeated oxazolone swelled dramatically compared to 
the negative control ear ( fig. 2 ). Also the oxazolone-chal-
lenged ear showed prominent epidermal thickening and 
marked infiltration of inflammatory cells into the dermis, 
whereas only a thin epidermal layer and sparse cells were 
observed in the negative control ear. CP-690550 (10 mg/
kg) suppressed these symptoms, and the histological pic-
ture of the ear of CP-690550-treated rat was similar to 
that of the negative control ear. 

  When epidermal thickness was measured, the ear re-
ceiving repeated oxazolone showed a significant in-
crease compared to the negative control (p < 0.05;  fig. 3 ). 
CP-690550 suppressed the increase in epidermal thick-
ness at all doses, and a significant effect was observed at 
10 mg/kg (p < 0.01).

  Effects of Cyclosporin A and Etanercept on 
Oxazolone-Induced Chronic Dermatitis 
 To investigate the efficacy of clinically used drugs in 

oxazolone-induced chronic dermatitis, we evaluated the 
effects of cyclosporin A and the biological anti-TNF-α 

Table 1.  Changes in cytokine expression levels in rat ears receiving 
repeated application of oxazolone

 Cytokine production (pg/ear)
IFN-γ IL-17 IL-22 TNF-α

(–) Control 287.0±16.5 11.0±1.2 0.0±0.0 125.4±15.6
Oxazolone 1,399.4±221.5* 14.2±1.0 15.7±4.7* 410.6±41.4*

 Ears were excised 6 h after the final application of oxazolone or 
an olive oil-acetone mixture, and cytokine levels in homogenized 
ear tissue were measured via ELISA. Values represent means ± 
SEM for 6 rats. * p < 0.01: significantly different from the negative 
control group (Student’s t test).
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 Fig. 1.  Effects of CP-690550 on the change in ear thickness in an 
oxazolone-induced chronic dermatitis model. CP-690550 was 
orally administered once a day starting from 7 days after sensitiza-
tion, 1 h before each application of oxazolone. Ear thickness was 
measured on day 7 and then 72 h after each application of oxazo-
lone. Values represent means ± SEM for 5 or 10 rats. ⚪: negative 
control, ⚫: oxazolone-challenged positive control,  ▼ : oxazolone + 
CP-690550 1 mg/kg,  ▲ : oxazolone + CP-690550 3 mg/kg,  ◆ : oxa-
zolone + CP-690550 10 mg/kg.  *  p < 0.01: significantly different 
from the negative control group (Student’s t test).  #  p < 0.01: sig-
nificantly different from the oxazolone-challenged positive con-
trol group (Dunnett’s multiple comparison test).
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agent, etanercept, in the model. Cyclosporin A (10 mg/
kg) significantly suppressed ear thickening at each time 
point except for day 13 (p < 0.05 on days 10 and 19, p < 
0.01 on days 16 and 22;  fig. 4 a). Etanercept at 10 mg/kg 
also significantly suppressed ear thickening on day 22 (p 
< 0.01), but no significant suppression was observed on 
the other time points ( fig. 4 b). Cyclosporin A and etaner-
cept also significantly suppressed epidermal thickening 
on day 22 by 81 and 67%, respectively (p < 0.05;  fig. 5 b, 
c), and the effects were comparable with that of CP-
690550 at 10 mg/kg, which produced a significant sup-
pression of 75% (p < 0.01;  fig. 5 a). 
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  Fig. 3.  Effects of CP-690550 on epidermal thickening in an oxazo-
lone-induced chronic dermatitis model. CP-690550 (1, 3, 10 mg/
kg) was orally administered once a day starting from 7 days after 
sensitization, 1 h before each application of oxazolone. Ears were 
excised 72 h after the final application of oxazolone and epidermal 
thickness measured following staining with HE as described in 
Materials and Methods. Values represent means ± SEM for 5 or 10 
rats.              *  p < 0.05: significantly different from the negative control 
group (Student’s t test).  #  p < 0.01: significantly different from the 
oxazolone-challenged positive control group (Dunnett’s multiple 
comparison test).  

Fig. 2. Histopathological pictures of oxazolone-induced chronic 
dermatitis in rats with or without oral administration of CP-
690550. CP-690550 (10 mg/kg) was orally administered once a day 
starting from 7 days after sensitization, 1 h before each application 
of oxazolone.Ears of rats with ( c ) or without ( b ) oral administra-
tion of CP-690550 were excised 72 h after the final application of 

oxazolone and stained with HE. As a negative control, an olive oil-
acetone mixture was applied in the same way after sensitization 
and ears were excised 72 h after the final application ( a ). Results 
are representative of 5 (negative control) or 10 (oxazolone-chal-
lenged positive control and oxazolone + CP-690550 10 mg/kg) rats 
per group. Scale bars, 100 μm.
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  Discussion 

 A previous study has shown an increased production 
of IFN-γ, but not IL-4, in the ear receiving repeated ap-
plication of oxazolone, and suggested the involvement of 
Th1 in the development of dermatitis  [18] . In the present 
study, an increased production of TNF-α in addition to 
IFN-γ was observed in the infected ear. TNF-α is a proin-
flammatory cytokine secreted by Th1 cells, as well as a va-
riety of other cell types such as epidermal keratinocytes, 

intraepidermal Langerhans cells and dermal macrophages 
 [19, 20] . The cytokine contributes to the pathogenesis of 
inflammatory skin diseases by activating keratinocytes to 
produce chemokines and express the surface adhesion 
molecules, thereby promoting inflammatory cell recruit-
ment and keratinocyte proliferation  [19] . It has also been 
known that TNF-α and IFN-γ synergistically function to 
stimulate the expression of adhesion molecules and che-
mokine production  [21, 22] . In this model, etanercept sig-
nificantly suppressed ear thickening on day 22; however, 

  Fig. 4.  Effects of cyclosporin A ( a ) and etanercept ( b ) on ear thick-
ening in oxazolone-induced chronic dermatitis model. Cyclospo-
rin A (10 mg/kg) was orally administered once a day starting from 
7 days after sensitization, 1 h before each application of oxazolone. 
Etanercept (10 mg/kg) was subcutaneously injected on the day of 
sensitization, on days 3 and 7, and every 3 days thence, 1 h before 
each application of oxazolone. Ear thickness was measured on day 

7 and then 72 h after each application of oxazolone. Values repre-
sent means ± SEM for 8 rats. ⚪: negative control, ⚫: oxazolone-
challenged positive control,    ◆ : oxazolone + cyclosporin A 10 mg/
kg ( a ) or etanercept 10 mg/kg ( b ).      *  p < 0.01: significantly different 
from the negative control group (Student’s t test).  #  p < 0.05,  ##  p < 
0.01: significantly different from the oxazolone-challenged posi-
tive control group (Student’s t test). 
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  Fig. 5.  Comparison of the effect of CP-690550 ( a ), cyclosporin A 
( b ), and etanercept ( c ) on epidermal thickening in an oxazolone-
induced chronic dermatitis model. CP-690550 (10 mg/kg) or cy-
closporin A (10 mg/kg) was orally administered once a day starting 
from 7 days after sensitization, 1 h before each application of oxa-
zolone. Etanercept (10 mg/kg) was subcutaneously injected on the 
day of sensitization, on days 3 and 7, and every 3 days thence, 1 h 

before each application of oxazolone. Ears were excised 72 h after 
the final application of oxazolone and epidermal thickness mea-
sured following staining with HE as described in Materials and 
Methods. Values represent means ± SEM for 5–10 rats.            *  p < 0.05, 
 *  *  p < 0.01: significantly different from the negative control group 
(Student’s t test).  #  p < 0.05,  ##  p < 0.01: significantly different from 
the oxazolone-challenged positive control group (Student’s t test). 



 Fujii/Sengoku
 

Pharmacology 2013;91:207–213
DOI: 10.1159/000347184

212

it did not show clear effects on ear thickening at the early 
time points ( fig.  4 b). This suggests that TNF-α was not 
involved in the acute phase of allergic dermatitis in the 
model, whereas it contributed to the development of 
chronic dermatitis. Further, we found that the level of IL-
22 was also elevated in the infected ear, whereas the eleva-
tion of IL-17 production was marginal. IL-22 is preferen-
tially produced by terminally differentiated Th17 cells, 
and its production has been considered to correlate with 
IL-17 expression  [23] ; therefore, our results are not in line 
with the general concept. This can be explained by the 
identification of a new T cell subset, Th22 cells, which pro-
duce IL-22 and TNF-α, but not IL-17 or IFN-γ  [24] . Th22 
cells detected in the skin of patients with psoriasis, chron-
ic atopic dermatitis and allergic contact dermatitis  [24]  are 
presumed to play a central role in inflammatory skin dis-
eases, especially those with marked epidermal acanthosis, 
via IL-22 production  [23] . IL-22 mediates keratinocyte 
proliferation by downregulating terminal keratinocyte 
differentiation genes, which leads to epidermal hyperpla-
sia  [23] . The effect of IL-22 on keratinocyte is enhanced 
by TNF-α  [24] . Zheng et al.  [25]  showed in a mouse study 
that IL-12 and IL-23 induced ear epidermal thickening 
through the production of IFN-γ and IL-22, respectively. 
Accordingly, IFN-γ and IL-22 may synergistically act with 
TNF-α on the induction of epidermal thickening in the 
current model of oxazolone-induced chronic dermatitis. 

  CP-690550 significantly suppressed ear swelling as well 
as epidermal thickening in the model. The compound in-
hibits all four JAK family kinase members, but in cellular 
settings it demonstrates functional specificity for JAK1- 
and JAK3-dependent STAT activation over JAK2-medi-
ated pathways  [17] . An in vitro study using CD4+ T cells 
sho w ed that CP-690550 suppressed anti-CD3-induced 
cytokine production including IFN-γ and IL-22  [26] , and 
the suppression of IFN-γ production was thought to result 
from impairment of Th1 cell differentiation by the inhibi-
tion of the IFN-γ-mediated JAK1-STAT1 and/or IL-
2-mediated JAK3-STAT5 signaling pathway  [27] . Since 
differentiation of Th22 cells is largely dependent on IL-6 
and TNF-α  [23] , the inhibition of IL-6-mediated signaling 
by blockade of JAK1 may contribute to the suppression of 
IL-22 production. Furthermore, an in vivo mouse study 
showed that CP-690550 suppressed TNF-α production af-
ter LPS administration, probably through the inhibition 
of IFN-γ signaling by blockade of JAK1  [27] . Taken to-
gether, the inhibition by CP-690550 observed in the cur-
rent model may have been achieved through the com-
pound’s inhibition of cytokines which were elevated in the 
infected ear. To support the hypothesis, further study on 

the effect of CP-690550 on cytokine expression levels in 
the model needs to be conducted. 

  Cyclosporin A and etanercept also suppressed ear swell-
ing as well as epidermal thickening in the model. Cyclospo-
rin A is an immunosuppressant which reduces T cell func-
tion by inhibiting calcineurin, a molecule that induces 
transcription factors associated with the production of in-
flammatory cytokines  [5] . The compound is approved for 
use in treating severe psoriasis and atopic dermatitis  [5, 
28] . In clinical studies, cyclosporin A successfully im-
proved psoriatic symptoms and 70% of patients achieved 
psoriasis area and severity index improvement of 75% 
from baseline (PASI75) after approximately 12 weeks of 
treatment  [5] . Etanercept is a soluble dimeric fusion pro-
tein consisting of two TNF receptors fused to the Fc por-
tion of human IgG acting to competitively inhibit TNF-
mediated activity  [5] . Rodents are known to develop neu-
tralizing antibodies against etanercept after repeated 
injection, but the limited high-dose regimen of etanercept 
used in the current model was active as reported in a rat 
model of arthritis  [29] , although the presence of neutral-
izing antibodies has to be determined. This TNF-α inhibi-
tor showed efficacy in moderate-to-severe psoriasis with 
PASI75 success rates ranging from 49 to 57% after a 12-
week treatment  [5] . Although the efficacy of TNF-α an-
tagonists for atopic dermatitis has been controversial, sev-
eral groups reported the beneficial effect of TNF-α antago-
nist therapy in patients with severe, chronic atopic 
diseases  [30, 31] . In this study, CP-690550 demonstrated 
comparable efficacy to that of cyclosporin A and etaner-
cept, which suggests a potential of the compound as a treat-
ment for chronic inflammatory skin disorders. In a recent-
ly reported phase II clinical study, CP-690550 proved ef-
fective in treating moderate-to-severe chronic plaque 
psoriasis with comparable efficacy to that of cyclosporin A 
and etanercept, and 67% of patients receiving the maxi-
mum dose of CP-690550 for 12 weeks achieved PASI75 
 [16] . To further support the potential efficacy of CP-690550 
in atopic dermatitis, it would be valuable to evaluate the 
compound in an allergic scratching and IgE-mediated skin 
inflammation model which recapitulates the features of 
atopic dermatitis  [10] .

  In conclusion, oxazolone-induced chronic dermatitis 
can function as a useful pharmacological model to predict 
the clinical efficacy of drug candidates against chronic der-
matitis featuring epidermal hyperplasia (in the  pathogenesis 
of which IFN-γ, TNF-α, and IL-22 play a role) such as pso-
riasis and chronic atopic dermatitis. Based on results with 
this model, CP-690550, a JAK inhibitor, has great potential 
to become a valuable treatment for such skin disorders. 
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