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Summary Background. Although dry skin and T cell-dependent disease exacerbation are

characteristic features of atopic dermatitis (AD), the involvement of T cells in the

development of dry skin remains unclear.

Aims. We aimed to elucidate the role of T cells in the development of dry skin in DS-

Nh mice as a model for AD, and to evaluate this skin condition pharmacologically.

Methods. We prepared DS-Nh mice harbouring a T-cell receptor (TCR)Vba haplotype

with a central deletion in the TCRBV gene segments, and mice harbouring a TCRVbb

haplotype without any deletion. We analysed the TCRVb chain usage and cytokine

response to antimouse CD3 monoclonal antibodies in the splenocytes from the two

mouse substrains. Transepidermal water loss (TEWL) was measured, and histochem-

ical examination of these mice was carried out. Finally, a pharmacological analysis

using loratadine was also performed to evaluate the features of spontaneous dry skin in

DS-Nh mice as a model of AD.

Results. Although the deletion of TCRBV gene segments in the TCRVba haplotype

yielded different representations of each TCRVb mRNA, this deletion did not evoke

distinct cytokine profiles in the splenocytes compared with those of mice with the

TCRVbb haplotype. Furthermore, our results indicated that the onset of dry skin

occurred earlier in mice with TCRVbb than in those with TCRVba. Pharmacologically,

AD-like dry skin in DS-Nh with TCRVbb mice is susceptible to an H1 blocker.

Conclusions. A specific lymphocyte subpopulation bearing T-cell receptors may be

responsible for loratadine-responsive dermatitis in DS-Nh mice.

Introduction

Human atopic dermatitis (AD) is a chronic inflamma-

tory skin disease affecting > 10% of children, and is also

a major cause of skin disease-related occupational

disabilities.1 It is pathogenically characterized by an

increased number of a certain type of T cells in skin

lesions. Dry skin is also a common finding in patients

with AD, apart from dermatitis, and about 80% of

patients with AD regard their skin as being dry.2

Considering these facts, abnormal dysfunctions of T cells

and epidermal skin are thought to be closely associated

with AD. However, only a few reports have attempted to

elucidate the possible functional correlations between

T cells and dry skin in AD.

We recently reported that the Gly573Ser substitution

in transient receptor potential V3 (TRPV3) caused a

hairless phenotype in DS-Nh mice.3–5 DS-Nh mice are

considered to be a suitable model of AD because they

have marked increases in: (i) values of transepidermal

water loss (TEWL) on the lateral face skin; (ii) serum
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levels of IgE, interleukin (IL)-4, and IL-13; (iii) numbers

of CD4-bearing T cells; (iv) itching behaviour; and

(v) tissue levels of nerve growth factor.6–9

To investigate the role of the T-cell receptor variable

beta chain (TCRVb) haplotype in the development of

dermatitis, DS-Nh mice and their congenic strain

harbouring the TCRVba haplotype with a central deletion

in the TCRBV gene segments were prepared.9 Interest-

ingly, we previously showed that there was a delayed

onset of dermatitis in DS-Nh mice with TCRVba compared

with those with TCRVbb. Furthermore, another strain

harbouring the TCRVba haplotype has been character-

ized as a ‘low-responder’ strain in terms of IgE-dependent

immediate-type hypersensitivity associated with Th2

cytokine in an experimental asthma model.10

We investigated the roles of T cells in the development

of dry skin in DS-Nh mice as a model for AD, and

evaluated this skin condition pharmacologically using

loratadine.

Methods

Animals

All mice used in this study were male. They were

maintained in cages, exposed to a 12 h light ⁄ dark cycle.

They were provided with standard food and water

ad libitum. Animals were kept under specific pathogen-

free conditions for 5 weeks, and then moved to

conventional conditions. This study was conducted

according to the guidelines for animal experimentation

at Shionogi & Co. Ltd.

Analysis of mRNA for T-cell receptor usage and cytokine

profile in splenocytes

Crude cellular RNA was extracted from splenocytes

using a commercial reagent (TRIzol� LS Reagent;

Invitrogen, CA, USA), according to the manufacturer’s

instructions. Adaptor-ligation PCR and microplate

hybridization assay were carried out as previously

described.7,11–14

Murine spleen cells (5 · 105) were incubated in

control microplates and in microplates coated with

anti-CD3 monoclonal antibody (clone 2C11; BD

Bioscience, MA, USA) in RPMI 1640 medium with 10%

fetal calf serum, 100 U ⁄ mL penicillin, and 100 lg ⁄ mL

streptomycin at 37 �C for 2 days. Cell-free supernatants

were collected, and the profile of 18 cytokines in these

supernatants was determined semiquantitatively (Bio-

Plex Multiplex System; Bio-Rad Laboratories, CA, USA)

according to the manufacturer’s instructions. We

estimated the values below the detection limits of the kit

as the threshold values of each standard.

Histochemical analysis

Each mouse was killed after being anaesthetised with

ether, and the skin on the right cheek dissected. Because

DS-Nh mice develop skin symptoms on the forehead but

not on the back,3 paraffin wax-embedded sections of

facial skin from mice at 6, 9, and 20 weeks of age were

stained with haematoxylin and eosin for histopatholo-

gical analysis and with toluidine blue for analysis of

mast cells.

Measurement of transepidermal water loss

We measured TEWL of mouse skin using a commercial

meter (Tewameter TM-210; Courage and Khazaka

Electronic GmbH, Köln, Germany). The room conditions

were kept constant during the experiments (24 ± 2 �C

and 45 ± 5% relative humidity). Two different skin

areas were selected for the assessment of TEWL: the

lateral facial skin and dorsal skin.

Results

Analysis of the usage of the TCRBV gene

TCRVbb is the most common TCRVb haplotype, which is

found in the majority of laboratory mouse strains

including DS-Nh.9 One of the major variant TCRVb loci

is the TCRVba haplotype, which is characterized by the

genomic deletion of several TCRBV gene segments.

Hence, the TCRVb repertoire in spleen cells from DS-Nh

mice and their substrains with TCRVba haplotypes at

5 weeks old was analysed to investigate the effects of

deletion of the TCRBV gene segments on the representa-

tion of each TCRVb mRNA in DS-Nh mice with the

TCRVba haplotype. The results of the relative TCRVb
usages in spleen cells from both strains indicated that

TCRVb5, 6, 8, 9, 11, 12, 13, 15, 17, 19, and 20 were not

detectable in mice with the TCRVba haplotype (Fig. 1a).

Cytokine response to antimouse CD3 monoclonal

antibody in splenocytes

We compared cytokine responses to antimouse CD3

monoclonal antibody in splenocytes from both

substrains. Splenocytes were cultured with and without

antimouse CD3 for 2 days and pooled culture super-

natants were assessed for 18 types of cytokines

(Fig. 1b). Although our data indicated that about half
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of the TCRBV gene segments were deleted in mice with

the TCRVba haplotype, these deletions did not create a

large difference in the profile of cytokine production

between these substrains (Fig. 1).

Histochemical assays

Marked histological changes including hyperkeratosis,

acanthosis and slight intercellular oedema of the

epidermis, and infiltration by inflammatory cells to just

below the keratinocytes were observed in the skin lesions

of all mice with TCRVba and TCRVbb from 15 weeks

onwards (Fig. 2). Earlier onset of hyperkeratosis was

observed in mice with TCRVbb at 4 weeks onwards

compared with those of age-matched TCRVba. Although

the numbers of total and degranulated mast cells were

significantly increased at 20 weeks of age compared

with those at 6 weeks of age in both mouse strains, there

was no significant difference in the number of mast cells

between these age-matched strains.

Measurement of transepidermal water loss

Because defective barrier function of the skin is a

typical feature of patients with AD and can be shown

by an increase in TEWL,15 we also measured TEWL in

the facial and back skin of these mice. Our previous

study9 indicated that earlier onset of erythema was

observed in mice with TCRVbb compared with those

with TCRVba. However, erythema did not appear in all

mice with TCRVbb until 1 week postexposure. Surpris-

ingly, the values of TEWL in the facial skin of mice

with TCRVbb significantly increased before the skin

symptoms began to develop (Fig. 3). In contrast, TEWL

values on facial skin of mice with TCRVba increased

after 4 weeks of age, when dermatitis began to

develop. Furthermore, it is particularly notable that

the TEWL values of the back skin from both strains

significantly increased in a similar fashion to those of

the facial skin, although there was no marked lesion

on the back of these mice. Finally, no increase in

(a)

(b)

Figure 1 Effects of TCRVb deletion on the

expressions of each TCRVb (a) mRNA

and (b) cytokine profile in splenocytes.

(a) Relative TCRBV usages in spleen cells

from TCR Vba and Vbb mice at 5 weeks of

age under specific pathogen-free condi-

tions. Data are mean (blocks) and SD

(bars) of TCRVb repertoires in splenocytes

from five mice. (b) The profiles of cytokines

in cultured spleen cells from Vba and Vbb

mice stimulated with and without anti-

mouse CD3 mAb. We used pooled culture

supernatants of spleen cells from mice with

both TCRVb haplotypes to identify the

expression profiles of the following cyto-

kines: interleukin (IL))1a, )1b, )2, )3,

)4, )5, )6, )9, )10, )12(p40), )12(p70),

)13 and )17, eotaxin, granulocyte col-

ony-stimulating factor (G-CSF), keratino-

cyte-derived chemokine (KC), monocyte

chemotactic protein-1 (MCP-1), and

tumour necrosis factor (TNF)-a. Relative

cytokine expression was calculated by the

following formula: (level of cytokine in

each group of mice ⁄ level of cytokine for

Vbb mice without stimulation). The loga-

rithmic axial figures between the range of

0.1 and 1000 represent the value of the

relative cytokine expression by this calcu-

lation, hence each coloured line on the

pie chart represents the cytokine profile of

the mice with or without CD3 stimulation.

Two independent experiments were

carried out, and comparable results were

obtained.
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Figure 2 Histological and im-

munohistological features of facial skin

tissues. Paraffin wax-embedded sections

from conventionally housed mice at 6, 9,

and 20 weeks of age (1, 4, and 15 weeks

onwards) were stained with (a) haema-

toxylin and eosin or (b) toluidine blue.

Each panel shows a representative image

taken with a · 10 objective to illustrate a

wide area. In these experiments, we used

‡ 3 mice per age group, and observed ‡ 4

slides per mouse.
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TEWL was observed in mice while they were being

raised under SPF conditions.

Effects of loratadine

We measured the TEWL of mouse skin after loratadine

treatment to investigate the effects of loratadine on the

AD-like dry skin in DS-Nh mice. As shown in Fig. 4,

TEWL values on the facial and back skin were

significantly decreased compared with those in mice

that received vehicle. Interestingly, the vehicle wor-

sened the TEWL values on facial skin.

Discussion

We reported previously that Staphylococcus aureus

producing staphylococcal enterotoxin C (SEC) plays an

Figure 3 Effects of TCRVb haplotypes on the skin barrier functions

in mice after conventionalization. As alterations in the skin barrier

in vivo produce an increase in transepidermal water loss (TEWL),

we measured TEWL on (a) facial and (b) back skin of the mice at 5,

6 and 9 weeks of age (0, 1, and 4 weeks onwards) to assess the

barrier function of uninvolved skin in DS-Nh mice with the

TCRVba or TCRVbb haplotype. White bar, Vba haplotype; black

bar, Vba haplotype. Values represent means ± SDs of 6–8D. S-Nh

mice with either of the TCRVb haplotypes, which were housed in

conventional or specific pathogen-free conditions.

(a) 

(b) 

Figure 4 Effects of loratadine in DS-Nh mice with atopic dermatitis-

like dry skin at 15 weeks of age (10 weeks onwards). Pumps (Alzet

Osmotic Pumps, Cupertino, CA USA) filled with loratadine were

implanted subcutaneously, and the given loratadine dosage was

3 mg ⁄ kg ⁄ day for 7 days in each DS-Nh mouse. We showed that

the levels of transepidermal water loss (TEWL) in (a) facial and (b)

back skin of DS-Nh mice were significantly reduced after loratadine

treatment compared with the levels before loratadine treatment and

after treatment with control vehicle. Each dot represents the mean

value of TEWL for each mouse (n = 12–16), and the red bars re-

present the mean values of the groups of mice. NS, not significant.
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important role in the development of AD in this mouse

strain.7,9 Here, these mice were used to investigate the

role of the TCRVb-haplotype in the development of dry

skin. Earlier onset of dry skin was observed in DS-Nh

mice with TCRVbb compared with those with TCRVba

when they were moved to conventional conditions.

Neither strain spontaneously developed dry skin when

they were kept under S. aureus-free conditions, indicat-

ing that these bacteria contribute to the development of

dry skin. However, only small numbers of S. aureus were

recovered from the skin of 6-week-old mice with dry

skin kept in conventional conditions for 1 week.7 This

might be partially due to the change in the ratio of

different types of bacteria in the skin lesions, which is

believed to be important for the development of AD-like

dry skin. Indeed, changing the DS-Nh mice to conven-

tional conditions resulted in a change in the ratio of

S. sciuri and S. cohnii B in the skin lesions after this

shorter elapsed time.7

Epidermal barrier functions are important for derma-

tophylaxis associated with increased allergen sensitiza-

tion, TEWL, and viral and bacterial skin infections. In

AD, the skin barrier is significantly compromised, and

this is partly due to loss-of-function mutations of

filaggrin.16 Previously, we also reported that the ligands

of TLR2 synergistically produce IL-13 with SEC in

splenocytes of mice with TCRVbb but not in mice with

TCRVba, and much higher serum levels of IL-13 were

found in mice with TCRVbb than in those with

TCRVba.9 Interestingly, the expression of filaggrin is

decreased in the skin of patients with AD, and this is

caused by the overexpression of Th2 cytokines such as

IL-13.17 However, we did not find any significant

difference in the tissue and ⁄ or serum level of IL-137

and the tissue level of filaggrin between the mouse

strains at 1–2 weeks onwards (data not shown).

Because the TCRVbb haplotype contributes to the

earlier onset of AD6 and dry skin in our mice, we

hypothesize that some cytokines produced by particular

T cells, which are deleted in Vba mice, play an

important role in the development of AD-like dry skin.

We analysed the cytokine response to antimouse CD3 in

splenocytes in both mouse strains to test our hypothesis.

Contrary to our expectations, the cytokine response was

not affected by the genome deletion, although the

differences in TCR haplotypes significantly affected

the expression of TCRVb mRNA. Next, we analysed in

the skin lesions the numbers of mast cells, which were

thought to be reciprocally affected by their quality and

quantity18 because there might be some crosstalk

between the mast cells and T cells, and mast cells might

be associated with dry skin via the effect of histamine.

However, there were no significant differences in the

number of mast cells and the amount of total histamine

in the skin lesions (data not shown) between the two

mouse strains.

Recently, some investigators studied the correlation

between AD and TCR haplotypes. They indicated that

natural killer (NK) T cells were decreased in mice with

TCRVba haplotype compared with those with the

TCRVbb haplotype.19 These NKT cells were thought to

contribute to the development and maintenance of the

skin disorders in the hapten-treated mouse model.

Interestingly, cutaneous immunization rapidly activates

liver NKT cells or causes the migration of NKT cells to

the liver.20 In our study, the movement of the mice into

conventional conditions meant that the bacterial

density in the skin lesions increased and acted as an

irritant. These bacterial irritants may cause dermal

disorders via the activation or migration of liver NKT

cells. Better understanding of the association between

NKT cells and AD in these AD models should be further

investigated in the future.

We previously reported that clinical severity including

the scratching behaviour in DS-Nh mice was alleviated

by loratadine treatment, and that levels of histamine in

the skin tissues of DS-Nh mice at 5–6 weeks of age

significantly increased compared with those of DS mice.4

There was no difference in the histamine level in other

tissues between the two mouse strains (data not shown).

Furthermore, it is clear that mast cells possess a higher

histamine potency in the skin. These results indicate that

the scratching behaviour is partially due to a larger

amount of histamine in the skin mast cells. To validate

this experimental dry skin model in DS-Nh mice, we

carried out a pharmacological study using loratadine.

Because the scratched areas of DS-Nh mice were

localized to the forehead, and the scratching behaviour

caused a barrier disruption at the skin lesions, we

considered that improvement in the TEWL values in

facial skin caused by loratadine had an antipruritic

effect. On the other hand, the improvement of dry

skin on the back was partly due to the prevention

of scratching and to other unknown mechanisms.

This loratadine-reactive dry skin model may become a

tool for the development of new agents for the treatment

of AD.

These results provide for the first time an experi-

mental support for direct involvement of T cells in the

development of dry skin.

Acknowledgement

This study was supported by Shionogi & Co. Ltd.

� 2008 Shionogi & Co., Ltd

6 Journal compilation � 2008 Blackwell Publishing Ltd • Clinical and Experimental Dermatology

Association of T-cell receptor Vb haplotypes with dry skin in DS-Nh mice • K. Imura et al.



References

1 Leung DY. Atopic dermatitis: new insight and opportu-

nities for therapeutic intervention. J Allergy Clin Immunol

2000; 105: 860–70.

2 Linde YW. Dry skin in atopic dermatitis. Acta Derm Venereol

Suppl (Stockh) 1992; 177: 9–13.

3 Asakawa M, Yoshioka T, Hikita et al. WBN ⁄ Kob-Ht rats

spontaneously develop dermatitis under conventional

conditions: another possible model for atopic dermatitis.

Exp Anim 2005; 54: 461–5.

4 Asakawa M, Yoshioka T, Matsutani T et al. Association of a

mutation in TRPV3 with defective hair growth in rodents.

J Invest Dermatol 2006; 126: 2664–72.

5 Imura K, Yoshioka T, Hikita I et al. Influence of TRPV3

mutation on hair growth cycle in mouse. Biochem Biophys

Res Commun 2007; 363: 479–83.

6 Hikita I, Yoshioka T, Mizoguchi T et al. Characterization of

dermatitis arising spontaneously in DS-Nh mice maintained

under conventional conditions: another possible model for

atopic dermatitis. J Dermatol Sci 2002; 30: 142–53.

7 Yoshioka T, Hikita I, Matsutani T et al. DS-Nh as an

experimental model of atopic dermatitis induced by

Staphylococcus aureus producing staphylococcal

enterotoxin C. Immunology 2003; 108: 562–9.

8 Yoshioka T, Hikita I, Asakawa M et al. Spontaneous

scratching behaviour in DS-Nh mice as a possible model for

pruritus in atopic dermatitis. Immunology 2006; 118:

293–301.

9 Yoshioka T, Imura K, Hikita I et al. Impact of

TCRVb-haplotypes on the development of dermatitis in

DS-Nh mice: synergistic production of IL-13 caused

by staphylococcal enterotoxin C and peptide glycans

from Staphylococcus aureus. Immunology 2007; 121:

51–61.

10 Tsuruta Y, Yoshioka T, Suzuki R, Sakata T. Analysis of the

population of human T cell receptor gamma and delta

chain variable region subfamilies by reverse dot blot

hybridization. J Immunol Meth 1994; 169: 17–23.

11 Herz U, Kammertoens T, Rosenbaum J et al. Impact of V

beta 8+ ⁄ + T cells on the development of increased airway

reactivity and IgE production in SJL mice. Eur J Immunol

1999; 29: 3028–34.

12 Yoshioka T, Matsutani T, Iwagami S et al. Quantitative

analysis of the usage of human T cell receptor alpha and

beta chain variable regions by reverse dot blot hybridiza-

tion. J Immunol Meth 1997; 201: 145–55.

13 Yoshioka T, Matsutani T, Iwagami S et al. Polyclonal

expansion of TCRBV2- and TCRBV6-bearing T cells in

patients with Kawasaki disease. Immunology 1999; 96:

465–72.

14 Yoshida R, Yoshioka T, Yamane S et al. A new method for

quantitative analysis of the mouse T-cell receptor V region

repertoires: comparison of repertoires among strains.

Immunogenetics 2000; 52: 35–45.

15 Seidenari S, Giusti G. Objective assessment of the skin of

children affected by atopic dermatitis: a study of pH,

capacitance and TEWL in eczematous and clinically

uninvolved skin. Acta Derm Venereol 1995; 75: 429–33.

16 Palmer CN, Irvine AD, Terron-Kwiatkowski A et al. Com-

mon loss-of-function variants of the epidermal barrier

protein filaggrin are a major predisposing factor for atopic

dermatitis. Nat Genet 2006; 38: 441–6.

17 Howell MD, Kim BE, Gao P et al. Cytokine modulation of

atopic dermatitis filaggrin skin expression. J Allergy Clin

Immunol 2007; 120: 150–5.

18 Sayed BA, Brown MA. Mast cells as modulators of T-cell

responses. Immunol Rev 2007; 217: 53–64.

19 Habu Y, Seki S, Takayama E et al. The mechanism of a

defective IFN-gamma response to bacterial toxins in an

atopic dermatitis model, NC ⁄ Nga mice, and the thera-

peutic effect of IFN-gamma, IL-12, or IL-18 on dermatitis. J

Immunol 2001; 166: 5439–47.

20 Campos RA, Szczepanik M, Itakura A et al. Cutaneous

immunization rapidly activates liver invariant Valpha14

NKT cells stimulating B-1 B cells to initiate T cell recruit-

ment for elicitation of contact sensitivity. J Exp Med 2003;

198: 1785–96.

� 2008 Shionogi & Co., Ltd

Journal compilation � 2008 Blackwell Publishing Ltd • Clinical and Experimental Dermatology 7

Association of T-cell receptor Vb haplotypes with dry skin in DS-Nh mice • K. Imura et al.


