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Abstract
Background—Filaggrin is important for skin barrier function and is mutated in 15-20% of
patients with atopic dermatitis.

Objective—To examine whether filaggrin deficiency predisposes to skin inflammation and
epicutaneous (EC) sensitization with protein antigen.

Methods—Skin histology in filaggrin-deficient ft/ft mice and WT controls was assessed by H&E
staining and immunohistochemistry. Cytokine mRNA expression was examined by quantitative
RT-PCR. Serum antibody levels and splenocyte secretion of cytokines were measured by ELISA.

Results—ft/ft mice developed eczematous skin lesions after age 28 weeks and a progressive
increase in serum IgE and IgG1 levels. Normal appearing skin from 8-week-old ft/ft mice had
epidermal thickening and increased dermal infiltration with CD4+ cells and expression of mRNA
for IL-17, IL-6 and IL-23, but not IL-4, IL-13 or IFN-γ. Lesional skin of 32-week-old ft/ft mice
exhibited qualitatively similar, but more pronounced, changes, and elevated IL-4 mRNA levels.
EC application of ovalbumin (OVA) to shaved skin of 8-week-old ft/ft mice, but not WT mice,
resulted in increased epidermal thickening, dermal infiltration by CD4+ cells, but not eosinophils,
and expression of IL-17, IL-6, IL-23, IL-4 and IFN-γ, but not IL-5 or IL-13, mRNA. Splenocytes
from EC sensitized ft/ft mice, but not controls, secreted cytokines in response to OVA stimulation
and their sera, but not those of controls, contained OVA specific IgE and IgG1 antibodies.

Conclusions—Filaggrin deficient mice exhibit Th17-dominated skin inflammation, eczematous
changes with age, and are permissive to EC sensitization with protein antigen.

Keywords
ft/ft mice; filaggrin; atopic dermatitis; IL-17; skin; allergen

Corresponding author: Raif Geha, Division of Immunology, Children's Hospital, One Blackfan Circle, Boston, Massachusetts 02115,
USA. Telephone: 617-919-2482, Fax: 617-730-0528, raif.geha@childrens.harvard.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Allergy Clin Immunol. Author manuscript; available in PMC 2010 September 1.

Published in final edited form as:
J Allergy Clin Immunol. 2009 September ; 124(3): 485–493.e1. doi:10.1016/j.jaci.2009.05.042.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Patients with atopic dermatitis (AD) exhibit impaired skin barrier function and abnormal
structure and chemistry of the stratum corneum (SC)1. Furthermore, defects in skin barrier
function in mice are associated with an AD-like phenotype2. Alteration of the skin barrier in
AD is evidenced by reduction in the water content of the SC and by increased
transepidermal water loss (TEWL)2. Mechanical injury inflicted by scratching and skin
inflammation are likely to aggravate skin barrier dysfunction in AD, as suggested by the
observation that the defect in TEWL improves with decreased disease activity3. Impaired
barrier function increases transepidermal penetration of environmental allergens. This is
supported by the observation that children with AD exposed to topical creams and lotions
containing peanut protein have a significantly increased risk of peanut sensitization4. AD
has been considered a Th2 mediated disease, characterized by elevated IgE and Th2
cytokine expression in acute skin lesions, Several recent observations suggest the presence
of IL-17-producing cells infiltrating the dermis in acute AD lesions and in the peripheral
blood of AD patients5, 6. Furthermore, epicutaneous (EC) sensitization of tape stripped
mouse skin with OVA results in local and systemic Th17 as well as Th2 responses7.

AD shows strong genetic linkage to Chromosome 1q21, which contains the human
Epidermal Differentiation Complex (EDC) of genes that encode keratinocyte structural
proteins, including filaggrin8 plays a critical role in skin hydration9. Mutations in the
filaggrin gene (FLG), have been identified in ichthyosis vulgaris10 and in AD11. The
majority of FLG mutations in AD are heterozygous. Two loss-of-function mutations
(R510X and 2282del4) account for the majority of FLG mutations in European patients with
AD and are major risk factors for AD, and AD-associated asthma, but not for asthma
alone11, 12. There is a strong association between FLG mutations and extrinsic AD12.
Filaggrin expression is also reduced in AD patients with no FLG mutations, possibly due to
local expression of the Th2 cytokines, IL-4 and IL-13, which downregulate FLG expression
in keratinocytes13. Decreased filaggrin expression in AD skin is associated with decreased
hydration of the SC14.

Flaky tail (ft) is a spontaneously arising autosomal recessive mutation located at
chromosome 3 within the mouse EDC, and is in close linkage with another mutation (ma)
that causes hair matting15. Homozygous ft/ft mice have dry, flaky skin which expresses
reduced amounts of profilaggrin mRNA and an abnormal profilaggrin protein that is not
processed to filaggrin monomers. ft/ft mice have increased TEWL. In this study, we
demonstrate that ft/ft mice develop Th17-dominated skin inflammation and eczematous skin
lesions and are permissive to EC sensitization with protein antigen.

Materials and Methods
Mice

Flaky tail (ft) mice were from Jackson laboratory. C57BL6 and BALB/c wild-type (WT)
mice were from Charles River Laboratories. All mice were bred in our animal facility, and
kept in a specific pathogen-free environment and fed an OVA-free diet. All procedures
performed on the mice were in accordance with the Animal Care and Use Committee of the
Children's Hospital Boston.

EC sensitization and intraperitoneal immunization
The skin of anesthetized eight-week-old female mice was shaved then 100 μg OVA (Grade
V; Sigma) in 100 μL of normal saline, or placebo (100 μL of normal saline), were placed on
a patch of sterile gauze (1×1 cm), which was secured to dorsal skin with a transparent bio-
occlusive dressing (Tegaderm, Westnet Inc.). Each mouse had a total of three one-week
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exposures to the patch separated by two-week intervals. Mice were euthanized at the end of
the third cycle of sensitization (day 49). Four to six-week-old female mice were sensitized
on day 0, 14, and 21 by intraperitoneal injection of 50 μg OVA emulsified in 2 mg of Imject
Alum (Pierce) in 100 μL saline and sacrificed at day 28.

Histological and immunohistochemical analysis of mouse skin
This was performed as previously described16. CD4+ cells were counted blinded in 10-15
high-power fields (HPFs) at a magnification of 400×. Epidermal thickness of 6 different
randomly chosen sites was measured in each skin section from each mouse.

Quantitative RT-PCR for cytokines
Quantitative RT-PCR for cytokines was performed as previously described, using the
housekeeping gene β2-microglobulin as a control17.

In vitro cytokine production
Spleen single cell suspensions were cultured at 2 × 106/ml in the presence of OVA (200 μg/
ml) for 96 hrs as previously described16. Cytokine levels were measured by ELISA (BD
Bioscience).

Serum antibody determination
Total IgE, IgG1 levels and OVA specific serum antibodies were determined by ELISA as
previously described16.

FACS analysis of ear cells
Ears were floated on 0.25 % trypsin containing 2.2 mM EDTA for 45 min at 37°C, then
incubated in RPMI 1640 containing 10% FCS at 37°C for 2 hours. Single ear cell
suspensions were stained with mAbs to CD11c, CD11b, Gr-1, CD3, and CD4 (all from BD
Bioscience) followed by FACS analysis.

Statistical analysis
One-way analysis of variance (ANOVA) was used to determine changes in skin infiltrating
CD4+ T cells, splenocyte cytokine production, mRNA levels of cytokines, and levels of
serum IgG1 and IgE. Statistical analysis was performed with the Graphpad Prism version
4.0 (Graphpad Software). Two-tailed values of p<0.05 were considered statistically
significant for all comparisons.

Results
ft/ft mice develop eczematous skin lesions

Neonatal ft/ft mice appear normal at birth but have increased TEWL18. The flaky tail
phenotype appears at about 3 days of age with the skin having a dry, scaly appearance15.
There is gradual improvement of the skin condition, and three-week-old ft/ft pups appear
normal, except for shortened ears and loss of tail tips in some mice. Because ft/ft mice are
not on a homogenous C57BL6 background, we used both C57BL6 and BALB/c mice as
controls, since these two strains lie on opposite ends of the spectrum of T helper responses
with BALB/c mice more prone to Th2 and Th17 responses, and C57BL6 mice more prone
to Th1 responses19.

Antigen entry via a disrupted skin barrier in ft/ft mice may lead to development of
eczematous skin lesions with age. Fig. 1A shows that ft/ft mice have dark brown to black
hair, which was matted compared to hair of C57BL6 mice. There were no visible skin
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lesions in ft/ft mice at 4, 8 and 16 weeks of age. Eczematous skin lesions appeared after age
28 weeks, with all ft/ft mice being affected at 32 weeks of age and typically exhibiting scaly
pink eczematous skin lesions on the face and periauricular areas, periorbital swelling, and
patches of scaly eczematous skin on the neck and trunk, with thinning of the overlying hair
(Fig. 1B). No skin lesions were observed in age-matched controls maintained in the same
environment (data not shown).

ft/ft mice exhibited elevated levels of serum IgE and IgG1 at 8 weeks of age (Fig. 1C).
Serum IgE, but not IgG1 levels rose significantly further by 32 weeks of age. ft/ft mice have
the same IgG2a allotype as BALB/c mice, and serum IgG2a levels were comparable in the
two strains (data not shown). Because serum IL-4 drives IgE and IgG1 production in mice20,
these findings suggest that ft/ft mice were undergoing a systemic Th2 driven allergic
response.

Th17 dominated skin inflammation in young ft/ft mice
The skin of newborn ft/ft pups exhibits hyperkeratosis with mild acanthosis, a markedly
attenuated granular layer, but normal basal and spinous layers, and no evidence of
inflammation18. Histological examination of normal appearing back skin from 8-week-old
ft/ft mice, revealed hyperkeratosis, acanthosis (epidermal thickening), and occasional foci of
parakeratosis (retention of keratinocyte nuclei within the SC) (Fig. 2A). The dermis of ft/ft
mice exhibited significantly increased infiltration by mononuclear cells compared to skin
from age-matched controls and the presence of rare neutrophils, but not eosinophils (Fig.
2A). These changes are compatible with a mild chronic eczematous dermatitis, as typically
occurs in human AD. Immunohistochemistry revealed increased dermal infiltration with
CD4+ cells in ft/ft skin (Fig. 2B). FACS analysis of cells isolated from ear skin confirmed
that ft/ft skin contained significantly increased percentages of CD4+ T cells and Gr-1+

neutrophils, but not CD11c+ dendritic cells, compared to ear skin from controls (Fig. 2C).
There was no increased expression of CD40, CD80, CD86 and OX40 by skin DCs from ft/ft
mice, but MHC class II expression was reduced (data not shown), consistent with increased
antigen uptake secondary to a disrupted skin barrier.

Quantitative PCR (Q-PCR) analysis revealed significantly increased expression of mRNA
for IL-17, and the IL-17 promoting cytokines IL-6 and IL-23 (p19)21, in ft/ft skin mice
compared to C57BL6 and BALB/c skin, which virtually had no detectable levels of IL-17 or
IL-23 mRNA (Fig. 2D). There was also significant increase in mRNA expression of the
IL-17 inducible neutrophil attractant chemokine CXCL2 in ft/ft skin (Fig. 2E). In contrast,
there was no increased expression of mRNA for the Th2 cytokines IL-4 and IL-13 and the
Th1 cytokine IFN-γ in ft/ft skin.

Analysis of lesional skin in older ft/ft mice
Histological examination of skin lesions from 32-week old ft/ft mice revealed changes
qualitatively similar, but more pronounced, than those observed in 8-week-old ft/ft mice.
These included focally pronounced hyperkeratosis and acanthosis, focal parakeratosis, and
prominent dermal infiltration predominantly by lymphocytes with absence of detectable
eosinophils (Fig. 3A). There were many plasmacytoid cells and some eosinophils in draining
lymph nodes (data not shown). Immunohistochemistry revealed markedly increased dermal
infiltration with CD4+ cells compared to skin from 8 week old ft/ft mice (Fig. 3B). Q-PCR
analysis revealed significantly increased mRNA expression for IL-17, IL-6, IL-23 and
CXCL2 in skin lesions from 32-week-old ft/ft mice, compared to skin from 8 week old ft/ft
mice (Fig. 3C,D). There was a significant increase in IL-4, but not IL-13 or IFN-γ mRNA
expression (Fig. 3C,D).
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OVA application to skin of ft/ft mice results in increased skin inflammation with expression
of Th1, Th2 and Th17 cytokines

Since ft/ft mice have impaired skin barrier function, their skin may be permissive to EC
sensitization by protein antigens normally excluded from skin. To test this hypothesis, OVA
or saline was applied using a patch to shaved, but not tape stripped, skin, and the mice were
examined for the development of skin inflammation. Skin of ft/ft mice, but not of C57BL6
and BALB/c mice, exhibited significantly increased epidermal thickening, hyperkeratosis,
focal parakeratosis, and mild spongiosis following EC sensitization with OVA compared to
saline (Fig. 4A,B). OVA sensitized skin of ft/ft, but not C57BL6 or BALB/c, mice, also
exhibited increased mononuclear cells in the dermis, that included lymphocytes with dense
nuclei, and macrophages with infolded nuclei and abundant, focally vacuolated cytoplasm.
There was lymphocyte exocytosis into the epidermis, prominence and apparent increase in
numbers of mast cells, and intravascular aggregation of neutrophils (Fig. 4A). No eosinophil
infiltration was detectable. There was a significant increase in dermal infiltration by CD4+

cells in OVA sensitized ft/ft, but not BALB/c or C57BL6, skin (Fig. 4C). mRNA levels for
IL-17, IL-6, IL-23, IL-4, IFN-γ and CXCL2, but not IL-5 and IL-13, were significantly
higher in OVA-sensitized, compared to saline-sensitized, ft/ft skin (Fig. 4D and
Supplemental Fig. 1). In contrast, there was no detectable upregulation in mRNA expression
for any of these cytokines in BALB/c or C57BL6 skin following EC sensitization with
OVA.

OVA application to skin of ft/ft mice elicits a systemic immune response to OVA antigen
To examine whether application of OVA to the skin elicits a systemic immune response in
ft/ft mice, we measured OVA specific serum antibody levels and secretion of cytokines by
splenocytes following in vitro stimulation with OVA. OVA application to shaved,
nonstripped skin elicited OVA specific IgG1 IgE and IgG2a antibodies in ft/ft mice, but not
in BALB/c or C57BL6 controls (Fig. 5A and data not shown). Splenocytes from ft/ft mice,
EC sensitized with OVA secreted IL-17, IL-4, IL-13 and IFN-γ in response to in vitro
stimulation with OVA (Fig. 5B). In contrast, splenocytes from C57BL6 or BALB/c mice EC
sensitized with OVA failed to secrete these cytokines in response to OVA stimulation.

Intraperitoneal immunization elicits a comparable immune response in ft/ft mice, C57BL6
and BALB/c mice

The systemic immune response of ft/ft mice to EC sensitization with OVA could be due to a
generalized heightened immune response. We compared the response of ft/ft, C57BL6 and
BALB/c mice to intraperitoneal (i.p.) immunization with OVA, an immunization route that
bypasses the skin. The IgE antibody response of ft/ft mice to i.p. immunization was
comparable to that of C57BL6 mice, and significantly lower than that of BALB/c mice (Fig.
6A). Their IgG2a antibody response was comparable to that of BALB/c controls (data not
shown). There were no significant differences in the IgG1 antibody response of the three
strains to i.p. immunization (Fig. 6A). Splenocytes from i.p. immunized ft/ft mice produced
levels of IL-17, IL-4 and IL-13 that fell in between those secreted by splenocytes from
C57BL6 and BALB/c mice, but like C57BL6 splenocytes, secreted significantly more IFN-γ
than splenocytes from BALB/c mice (Fig. 6B). As expected, splenocytes from BALB/c mice
produced significantly more IL-13, IL-4 and IL-17 and significantly less IFN-γ, than
splenocytes from C57BL6 mice.

Discussion
We demonstrate that filaggrin deficiency is associated with Th17-dominated skin
inflammation, development of eczematous skin lesions with age, and permissiveness to EC
sensitization with protein antigen.
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Except for matted hair, there were no discernible skin lesions in ft/ft mice until about 28
weeks of age. By 32 weeks of age, ft/ft mice developed scaly eczematous skin lesions (Fig.
1A). Skin lesions have not been previously described in ft/ft mice18, possibly because
previous reports may not have investigated older mice. Alternatively, as in Nc/Nga mice22,
development of skin lesions in ft/ft mice may be influenced by environmental factors,
particularly microbial skin colonization, which may differ between animal facilities.

Normal appearing skin from 8-week-old ft/ft mice revealed skin inflammation characterized
by hyperkeratosis, acanthosis, dermal infiltration with CD4+ cells and rare neutrophils, with
notable absence of eosinophils, and increased expression of mRNA for IL-17, the IL-17
promoting cytokines IL-6 and IL-23, and the IL-17 inducible chemokine CXCL2 (Fig. 2).
More severe, but qualitatively similar, skin inflammation was observed in skin lesions that
had developed spontaneously in 32-week-old ft/ft mice (Fig. 2). Keratinocytes, DCs, and
macrophages are sources of IL-6 and IL-23, and release these cytokines in response to TLR
ligands and IL-123-25. TLR2 ligands from S. aureus and other bacteria, which colonize skin
are particularly potent at driving IL-23 expression26. We have found that mechanical skin
injury by tape stripping causes rapid upregulation of IL-6 and IL-23 in the skin (MKO and
RSG: unpublished observations). There was no significant elevation of IL-6 and IL-23
mRNA expression in the skin of 2-week-old ft/ft mice (data not shown) suggesting that lack
of filaggrin by itself does not drive increased expression of these cytokines. The trigger for
this increase could be microbial antigens, absorbed via a disrupted skin barrier, and/or a
mechanically damaged skin. Elevated IL-17 expression may explain the neutrophil
infiltration in ft/ft skin, as IL-17 induces expression of neutrophil chemotactic chemokines in
epithelial cells, including CXCL227, which was upregulated in ft/ft skin. In addition to T
cells, neutrophils are a source of IL-1719, and may contribute to increased IL-17 expression
in ft/ft skin. IL-6 drives keratinocyte proliferation28, thus increased IL-6 expression in the
skin may underlie epidermal thickening in ft/ft mice.

The skin of 8-week-old ft/ft mice exhibited no detectable evidence of Th2-driven
inflammation. There was no significant infiltration with eosinophils or upregulation of Th2
cytokine mRNA expression (Fig. 2). There was also no evidence of Th1-driven
inflammation, as there was no increase in IFN-γ mRNA expression. Lack of evidence of
Th2 inflammation in the skin of ft/ft mice contrasts with elevation of their serum IgE and
IgG1 levels, an indicator of a systemic Th2 response. High levels of IL-17 in the skin of ft/ft
mice may have inhibited local expression of Th2 cytokines and subsequent recruitment of
eosinophils29. Skin lesions in 32-week-old ft/ft mice exhibited qualitatively similar, but
more pronounced, changes in histology and cytokine expression, compared to skin from 8-
week-old ft/ft mice (Fig. 3) The exception was IL-4 mRNA levels, which were elevated in
lesional skin of 32-week-old, but not 8-week-old mice, consistent with an ongoing Th2
response to cutaneously absorbed antigens.

The skin of ft/ft mice was permissive to EC sensitization of nonstripped skin with OVA, a
protein antigen, normally excluded from penetrating the skin. Application of OVA to
shaved, but non-tape stripped, skin elicited allergic skin inflammation and OVA specific
systemic humoral and cellular immune responses in ft/ft mice, but not C57BL6 or BALB/c
mice (Fig. 4 and 5). In previous studies, two additional strains, 129Sv and hr/hr hairless
mice, failed to respond to OVA application to shaved skin (RSG: unpublished observations).
Skin inflammation in EC sensitized ft/ft mice was characterized by a significant increase in
epidermal thickness, dermal infiltration with CD4+ cells and expression of IL-4, IL-17 and
IFN-γ, but not IL-13 or IL-5 mRNA. IL-13 plays an important in driving eotaxin expression
in the skin30. IL-5 is important not only for eosinophil mobilization, but also for their
survival in tissues31. Elevated IL-17 levels in ft/ft skin before, and more so after EC
sensitization, may have inhibited of IL-13 and IL-5 expression, resulting in lack of
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eosinophil infiltration. Genetic background could have contributed to lack of IL-5 and IL-13
mRNA expression in EC sensitized skin of ft/ft mice.

EC sensitization of tape stripped skin of WT mice (BALB/c, C57BL6, 129Sv and BWF1)
results in allergic skin inflammation and in OVA specific immune responses16, 32, 33. Since
tape stripping disrupts skin barrier and allows antigen entry34, disrupted skin barrier
function in ft/ft mice likely underlies their permissiveness to EC sensitization of nonstripped
skin by protein antigen. This permissiveness did not reflect a generalized enhanced immune
response, because the humoral and immune responses of ft/ft mice to i.p. immunization with
OVA were comparable or lower than those of C57BL6 and BALB/c mice (Fig. 6). This is
consistent with the observation that FLG is expressed exclusively in mouse skin, tongue,
esophagus, and forestomach35. With their eczematous skin lesions that developed with age
and expressed IL-4 mRNA, elevated serum IgE and IgG1 levels and permissiveness to EC
sensitization of nonstripped skin with protein antigen, ft/ft mice share features with patients
with extrinsic AD. However, while IL-17 expression is prominent in the skin of ft/ft mice
and in psoriatic skin lesions, it is less prominent in AD skin lesions. There are two
limitations to the interpretation of our results. Although mutation in FLG likely underlies the
skin abnormalities in ft/ft mice, these mice are double homozygous of flaky tail and matted.
Therefore, we cannot rule out a role for the ma mutation in the skin inflammation and
susceptibility to EC sensitization of nonstripped skin of ft/ft mice. The other limitation is that
the ft/ft mice we studied, are not on a homogeneous background. Nevertheless, the skin
inflammation and susceptibility to EC sensitization of nonstripped skin we observed in these
mice was not observed in four other strains we have studied to date. Thus, it is unlikely that
genes other than FLG, or a closely linked gene, are implicated in the susceptibility of ft/ft
mice to develop skin inflammation to protein antigens normally excluded by the skin barrier
and to develop eczema.

While this manuscript was being reviewed, the mutation in FLG in ft/ft mice was identified
to be a 1-bp deletion (5303delA), and ft/ft mice bred on C57BL6 background and lacking the
ma mutation were demonstrated to be permissive to sensitization by cutaneous application
of antigen, in agreement with our findings36.

Clinical Implications

Filaggrin deficiency predisposes to skin inflammation, development of eczematous
lesions and sensitization upon contact with protein antigens normally excluded by the
skin barrier.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

AD atopic dermatitis

EDC Epidermal Differentiation Complex

EC epicutaneous(ly)

FLG Filaggrin

ft Flaky tail
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IFN-γ interferon γ

OVA ovalbumin

TEWL Transepidermal water loss
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Figure 1. Eczematous skin lesions and serum IgE and IgG1 levels in ft/ft mice
(A, B) Gross appearance of 4-, 8-, and 16-week-old ft/ft mice and 16-week-old C57BL6 (A)
and of 32-week-old ft/ft mice (B). Arrows point to skin lesions. (C) Serum IgE and IgG1
levels in 8-, and 32-week-old ft/ft mice and 8 week-old BALB/c and C57BL6 mice.
***p<0.001.
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Figure 2. Spontaneous Th17-dominated skin inflammation in 8 week-old ft/ft mice
(A) Representative photomicrographs of H&E sections. (B) Numbers of CD4+ cells/HPF
(400×). (C) FACS analysis of CD3+CD4+ cells and CD11b+Gr-1+ neutrophils in ear skin.
(D, E) Cytokine (D) and CXCL2 (E) mRNA expression in the skin. *p<0.05, **p<0.01,
***p<0.001.
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Figure 3. Analysis of skin lesions in aged 32-week-old ft/ft mice
(A) Representative photomicrographs of H&E sections. (B) Numbers of CD4+ cells/HPF
(400×). (C and D) Cytokine (C) and CXCL2 chemokine (D) mRNA expression. *p<0.05,
**p<0.01, ***p<0.001.
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Figure 4. Histology and cytokine expression of EC sensitized skin
(A) Representative photomicrographs of H&E sections of skin. (B) Epidermal thickness of
OVA sensitized skin. Results are expressed as fold increase over saline sensitized skin. (C)
Numbers of CD4+ cells/HPF (400×). (D) Cytokine mRNA expression. *p<0.05, **p<0.01,
***p<0.001.
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Figure 5. Systemic immune responses to EC sensitization with OVA
(A) Serum levels of OVA-specific IgE and IgG1. (B) Cytokine secretion by splenocytes in
response to OVA stimulation in vitro. *p<0.05, **p<0.01, ***p<0.001.
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Figure 6. Systemic immune responses to i.p. OVA-immunization with OVA
(A) Serum levels of OVA-specific IgE and IgG1. (B) Cytokine secretion by splenocytes in
response to OVA stimulation in vitro. *p<0.05, **p<0.01.
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