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ARTICLE INFO ABSTRACT

Atopic dermatitis is a chronic inflammatory skin disease associated with CD4* Th2 cell-shifted immune re-
sponses. Although the infiltration of skin lesions by CD8* T cells has been recognized, their roles have not been
fully defined. In this study, we examined the relationship between CD4 " and CD8 ™ cells in antigen-induced skin
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CD41 T Ceﬂ lesions of mice. BALB/c mice were repeatedly challenged with Dermatophagoides farinae (Der f) applied to the
,?]r)es Tee right ear nine times. Pre-treatment with anti-CD4 monoclonal antibody (mAb) during the third to sixth chal-
Maft cell lenges, but not the post-treatment during the sixth to ninth challenges, exacerbated the development of Der f-

induced ear swelling; pre-treatment with anti-CD25 mAb, which depletes regulatory T cells (Tregs), also ex-
acerbated the lesions. Furthermore, the number of CD8* T cells in lymph nodes was augmented by these pre-
treatments. These findings prompted us to examine the effect of anti-CD8 mAb. Pre-treatment with anti-CD8
mADb, but not post-treatment, strongly inhibited the development of Der f-induced ear swelling; additionally, the
epidermal hyperplasia and infiltration of mast cells were inhibited by the pre-treatment. Collectively, we re-
vealed that CD8* T cells regulated by CD4"CD25" Tregs in the early stage are key contributors to the devel-
opment of Der f-induced skin lesions via increasing mast cell infiltration, indicating that CD8 " T and Tregs could

be potential therapeutic targets for atopic dermatitis.

1. Introduction

Atopic dermatitis is a chronic inflammatory disease of the skin
characterized by dry skin, itchy skin, and relapsing eczematous skin
lesions with a high prevalence (Bieber, 2008; Eichenfield et al., 2012;
Leung and Bieber, 2003). In the development of atopic dermatitis, the
house dust mite Dermatophagoides farinae (Der f) is considered to be one
of the major allergens; in up to 75% of patients with atopic dermatitis,
the skin prick test is positive (Darsow and Ring, 2000). Histologically,
epidermal and dermal thickening is observed, as well as marked dermal
infiltration by inflammatory cells (Bieber, 2008). Furthermore, dys-
function of the skin barrier facilitates antigen penetration (Akiyama,
2010; Palmer et al., 2006), leading to allergic skin inflammation based
on skin sensitization to the antigen.

Although the underlying mechanism of atopic dermatitis remains
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unclear, it is typically characterized by increased CD4* T cells produ-
cing Th1 and Th2 cytokines in skin lesions after repeated exposure to a
particular antigen (Leung et al., 2004; Liu et al., 2011; Mamessier and
Magnan, 2006; Mekori and Metcalfe, 1999; Nakae et al., 2006). Fur-
thermore, CD8™ T cells were isolated from the atopic dermatitis skin
lesions (Hennino et al., 2007, 2011), revealing that not only CD4* T
cells but also CD8™ T cells may contribute to the development of atopic
dermatitis. However, the detailed roles of CD8* T cells and relationship
between CD4" and CD8™" T cells in the development of atopic der-
matitis skin lesions remain unclear. Meanwhile, although CD4*CD25*
regulatory T cells (Tregs), which are a subset of thymus-derived CD4 ™
T cells, contribute to controlling the development of autoimmune dis-
eases (Asano et al., 1996; McHugh and Shevach, 2002; Sakaguchi et al.,
1995), their role in atopic dermatitis has not been fully defined.

In the present study, we first tried to establish a model of atopic
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dermatitis-like skin lesions induced by multiple antigen (Der f) chal-
lenges in the ear skin of mice for three weeks. Secondly, we assessed
how CD4% cells contribute to the development of Der f-induced skin
lesions using neutralizing monoclonal antibodies (mAbs) in early and
late stages. Furthermore, the effects of treatment with anti-CD25 mAb
and anti-CD8 mAb on the skin lesions were examined. Thus, we in-
vestigated the roles of CD4™" and CD8™" cells in the development of Der
f-induced skin lesions in mice.

2. Materials and methods
2.1. Animals

Male 7-week-old BALB/c mice were obtained from Japan SLC
(Shizuoka, Japan). These mice were maintained in a temperature-con-
trolled environment with free access to standard rodent chow and
water. All of the experimental procedures were approved by the
Experimental Animal Research Committee at Kobe Pharmaceutical
University and Kinjo Gakuin University.

2.2. Induction of dermatitis by Der f

As shown in Fig. 1A, dermatitis was induced by the repeated ap-
plication of 40-mg ointment containing 20 pg of Mite- Der f (LG2334)
(Cosmo Bio LSL, Tokyo, Japan) or ovalbumin (OVA) (grade V; Sigma-
Aldrich, St Louis, MO, USA) with a spatula to the right ear on days 0, 1,
2,7,8,9, 14, 15, and 16. Control mice were painted onto the right ear
with 40-mg ointment containing PBS. The mouse skin barrier was dis-
rupted by applying 30 pl of 1% SDS to the ear 1 h before Der f or OVA
painting. The ear thickness was evaluated on day 0 and each day after
allergen application using a dial thickness gauge (model G-1A; OZAKI
MFG CO., LTD, Japan).

2.3. Depletion of CD4*, CD8™, or Tregs

To evaluate the effects of pre-treatment with anti-CD4 monoclonal
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antibody (mAb) (clone: GK1.5) and anti-CD8 mAb (clone: 53-6.72) on
Der f-induced dermatitis, the dose (150 pug/mouse) of anti-CD4 mAb or
anti-CD8 mAb was intraperitoneally administered 30 min before Der f
painting on days 2, 7, 8, and 9 (Mizutani et al., 2012). Furthermore,
post-treatment with anti-CD4 mAb or anti-CD8 mAb was performed
similarly on days 9, 14, 15, and 16. Based on these experiments, the
same amount of rat IgG2a or rat IgG2b was used as a control antibody.
To evaluate the effect of the depletion of Tregs on Der f-induced der-
matitis, the dose (250 pg/mouse) of anti-CD25 mAbD (clone: PC61) was
intraperitoneally administered 30 min before Der f painting on day 1, as
reported previously (Setiady et al., 2010). With this method, the de-
pletion of Tregs was maintained for 2-3 weeks (Setiady et al., 2010).
Based on these experiments, the same amount of rat IgG1 was used as a
control antibody.

2.4. Detection of CD4™ and CD8™ T cells by flow cytometry

To evaluate the effect of anti-CD4 mAb or anti-CD8 mAb on the
number of CD4™ and CD8™" T cells, lymphocytes (1 x 10° cells/ml)
isolated from the right mandibular lymph nodes (MLNs) on day 18 were
used as described previously (Mizutani et al., 2015). Cells were washed
twice with 2%bheat-inactivated fetal bovine serum (FBS)-phosphate
buffered saline (PBS), incubated with the anti-mouse FcyRII/III mAb,
washed once with 2%FBS-PBS, and incubated with a PE-Cy5-labelled
anti-mouse CD4 mAb (BD Biosciences, San Diego, CA, USA), PE-labelled
antimouse CD8 mAb (eBioscience, San Diego, CA, USA), and FITC-la-
belled anti-mouse CD3 (eBioscience, San Diego, CA, USA). After three
washes with 2% FBS-PBS, the cells were fixed with 4% paraformalde-
hyde. Finally, cells were washed three times with 2%FBS-PBS. Each
sample was analyzed using FACSCalibur (BD Biosciences) and CELL
QUEST software (version 3.3; BD Biosciences).

The absolute numbers of CD4 ™ or CD8 ™" T cells were calculated by
multiplying by the total number of cells and percentages of CD3*CD4*
or CD37CD8™ cells, respectively.

Fig. 1. Multiple Der f challenges induce skin
lesions in mice. (A) Experimental protocol
for challenge with Der f. (B) Multiple Der f
challenges induce ear swelling. (C)
Representative clinical picture of Der f-in-
duced skin lesions (day 18). Each value is
the mean *+ S.EM. of 4-6 animals.
**p < 0.01; or P < 0.01 compared with
the PBS or OVA group, respectively.
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Fig. 2. Effect of treatment with anti-CD4 mAb on the development of Der f-induced skin lesions in mice. (A) Effect of pre-treatment with anti-CD4 mAb during the 3rd
to 6th challenges on the development of ear swelling. (B) Effect of post-treatment with anti-CD4 mAb during the 6th to 9th challenges on the development of ear
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Fig. 3. Effect of pre-treatment with anti-CD4 mAb during the 3rd to 6th challenges on the development of epidermal hyperplasia (A) and mast cell accumulation (B)
in the skin of mice. Each value is the mean #+ S.E.M. of 4-6 animals. **P < 0.01 or *P < 0.05 compared with the PBS or Der f-rat IgG2a group, respectively.

2.5. Histological analysis

The right ear was harvested on day 18, fixed in 10% neutral-buf-
fered formalin for 48 h, embedded in paraffin, and cut into slices 4 pm
thick. Sections were stained with hematoxylin & eosin (H&E) or tolui-
dine blue, as described previously (Mizutani et al., 2015).

Epidermal hyperplasia was quantified in H&E-stained sections by
measuring the epidermal thickness from the basal layer to stratum
corneum, as described previously (Mizutani et al., 2015). Image ac-
quisition and processing were performed with Nikon Imaging Software
NIS Elements D4.30.00 (Nikon Inc., USA). The mean thickness of epi-
dermal layer of at least 6 randomly selected sections was calculated in
each group. In terms of the numbers of mast cells (toluidine blue), the
mean of at least five randomly selected areas per section in a high-
power field (magnification x40) was counted in each group, as de-
scribed previously (Mizutani et al., 2015).

2.6. Detection of cytokine production by MLNs

The left and right MLNs were harvested on day 18. In accordance
with the previous method, cells (0.5 x 107 cells/ml) isolated from
mouse MLNs were incubated with Der f (0-10 ug/ml) in RPMI-164
medium containing 10% FBS, 1% L-glutamine, and 1% penicillin-
streptomycin for 72 h at 37 °C in a 5% CO, atmosphere (Mizutani et al.,
2015). The culture supernatants were used for the analysis of cytokine
production.

The levels of IL-13, IL-17A, and interferon-y in the culture super-
natants were measured using quantitative colorimetric sandwich ELISA
kits (IL-17A and IFN-y ELISA kits; BioLegend, San Diego, CA, USA, IL-13
ELISA kit: R&D Systems, Minneapolis, MN, USA). The limits of sensi-
tivity for these assays were 2-7 pg/ml (IL-17A), 1-5 pg/ml (IL-13), and
8 pg/ml (IFN-v). In terms of the detection limits of sensitivity for ELISA,
data at lower than these concentrations were considered zero.
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Fig. 4. Effect of treatment with anti-CD4 mAb on the number of CD4* and
CD8* T cells. (A) Representative dot plots depicting the percentages of
CD3*CD4" and CD3*CD8™ in MLNs of PBS, Der f, and anti-CD4 (pre) groups.
Effect of pre-treatment with anti-CD4 mAb during the 3rd to 6th challenges on
the number of CD4* and CD8* T cells. (B) Effect of post-treatment with anti-
CD4 mAb during the 6th to 9th challenges on the number of CD4* and CD8* T
cells in MLNs of PBS, Der f, and anti-CD4 (post) groups. Each value is the
mean * S.E.M. of 4-6 animals. **P < 0.01; or **P < 0.01 compared with
the PBS or Der f-rat IgG2a group, respectively.

2.7. Statistical analysis

Data are shown as the means + S.E.M. Statistical analysis was per-
formed using one-way ANOVA followed by Bonferroni's comparison
test. A probability value of P < 0.05 was considered significant.

3. Results
3.1. Multiple Der f challenges induce ear swelling

First, we examined whether repeated Der f challenges induce der-
matitis in mice. In the present study, we compared two allergen chal-
lenge groups: mice treated with Der f or OVA. In Der f-treated mice,
significant swelling was observed compared with PBS or OVA-treated
mice (Fig. 1B). Furthermore, redness was also observed in Der f-treated
mice compared with that in PBS or OVA-treated mice (Fig. 1C).
Meanwhile, there were no differences in ear thickness or redness be-
tween PBS- and OVA-treated mice (Fig. 1B and C).

3.2. Effect of treatment with anti-CD4 mAb on skin inflammation

Based on the data shown in Fig. 1, we examined the effect of pre-
treatment with anti-CD4 mAb during days 2-9 on the development of
Der f-induced ear swelling. Pre-treatment with anti-CD4 mAb enhanced
the development of ear swelling in the second and third weeks, al-
though post-treatment with anti-CD4 mAb during days 9-16 did not
show a change compared with that in the Der f-rat IgG2a group (Fig. 2A
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and B). Meanwhile, pre-treatment with anti-CD4 mAb inhibited Der f-
induced ear swelling in the first week (Fig. 2A).

Furthermore, multiple Der f challenges induced epidermal hyper-
plasia and increased the number of mast cells in the skin compared with
those in PBS-treated mice. The epidermal hyperplasia and increased
number of mast cells were exacerbated by pre-treatment with anti-CD4
mAD (Fig. 3A and B); however, post-treatment with anti-CD4 mAb did
not lead to exacerbation compared with the Der f-rat IgG2a group (data
not shown).

3.3. Effect of treatment with anti-CD4 mAb on the number of CD4™ and
CD8™ T cells in MLNs

We investigated the effect of pre-treatment with anti-CD4 mAb on
the absolute number of CD4* or CD8™" T cells in MLNs. Pre-treatment
with anti-CD4 mAb inhibited the number of CD4™ T cells and enhanced
the number of CD8™ T cells (Fig. 4 A). In addition, the total number of
cells in MLNs was 0.76 * 0.064 x 107 cells in the PBS group,
357 = 0.58 x 107 cells in the Der frat IgG2a group, and
3.29 + 0.29 X 107 cells in the Der f-anti-CD4 (pre) group.

Furthermore, the post-treatment inhibited the number of CD4" T
cells, but did not lead to changes in the number of CD8* T cells
(Fig. 4B).

3.4. Effect of pre-treatment with anti-CD25 mAb on Der f-induced skin
inflammation

Because pre-treatment with anti-CD4 mAb exacerbated the devel-
opment of Der f-induced skin lesions, we investigated the role of Tregs
in Der f-induced skin inflammation using anti-CD25 mAb. Similarly, we
found that pre-treatment with anti-CD25 mAb enhanced Der f-induced
ear swelling in the second and third weeks; the epidermal hyperplasia
and mast cell infiltration were exacerbated (Fig. 5A and C). Ad-
ditionally, pre-treatment with anti-CD25 mAb enhanced the absolute
number of CD8* T cells compared with that of the Der f-rat IgG1 group,
but did not show changes in the number of CD4* T cells (Fig. 5B).
Meanwhile, pre-treatment with anti-CD25 mAb inhibited Der f-induced
ear swelling in the first week (Fig. 5A).

3.5. Effect of treatment with anti-CD8 mAb on Der f-induced skin
inflammation

Because pre-treatments with anti-CD4 mAb and anti-CD25 mAb
enhanced the number of CD8 " T cells associated with the exacerbation
of skin lesions, we investigated the role of CD8 ™" T cells in Der f-induced
skin inflammation. Pre-treatment with anti-CD8 mAb during days 2-9
strongly inhibited Der f-induced ear swelling during the first to third
week; the epidermal hyperplasia and increased number of mast cells in
the skin were suppressed by it (Fig. 6A and C).

Meanwhile, post-treatment with anti-CD8 mAb during days 9-16
did not strongly inhibit Der f-induced ear swelling, epidermal hyper-
plasia, or the increased number of mast cells (Fig. 7). Pre- and post-
treatments with anti-CD8 mAb significantly inhibited the absolute
number of CD8* T cells, although the number of CD4™ T cells was not
affected (Figs. 6B and 7B).

3.6. Effect of pre-treatment with anti-CD4 mAb or anti-CD8 mAb on Der f-
induced cytokine production in MLNs

The levels of IL-13, IL-17A, and IFN-y in the right MLNs of the Der f-
rat 1gG2a or IgG2b group were increased compared with those in the
PBS-treated group. Pre-treatment with anti-CD4 mAb inhibited the
production of IL-13, IL-17A, and IFN-y in MLNs (Fig. 8A). Additionally,
pre-treatment with anti-CD8 mAbD inhibited the production of IFN-y in
MLNSs, but not IL-13 or IL-17A (Fig. 8B).
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Fig. 5. Effect of pre-treatment with anti-CD25 mAb on day 1 on the development of Der f-induced skin lesions in mice. (A) Effect of pre-treatment with anti-CD25
mAD on the development of ear swelling. (B) Effect of pre-treatment with anti-CD25 mAb on the number of CD4™ and CD8™* T cells in MLNs of PBS, Der f, and anti-
CD25 groups. (C) Effect of pre-treatment with anti-CD25 mAb on the development of epidermal hyperplasia and mast cell accumulation in mice. Each value is the
mean = S.E.M. of 4-6 animals. *P < 0.05, **P < 0.01 compared with the Der f-rat IgG1 group.
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Fig. 6. Effect of pre-treatment with anti-CD8 mAb during the 3rd to 6th challenges on the development of Der f-induced skin lesions in mice. (A) Effect of pre-
treatment with anti-CD8 mAb on the development of ear swelling. (B) Effect of pre-treatment with anti-CD8 mAb during the 3rd to 6th challenges on the number of
CD4" and CD8™ T cells in MLNs of PBS, Der f, and anti-CD8 (pre) groups. (C) Effect of pre-treatment with anti-CD8 mAb on the development of epidermal
hyperplasia and mast cell accumulation in mice. Each value is the mean = S.E.M. of 4-6 animals. “P < 0.05, P < 0.01 compared with the Der f-rat IgG2b

group.

4. Discussion dermatitis (Bieber, 2008). Furthermore, we reported that IgE-mediated
skin lesions were suppressed by treatment with anti-CD4 mAb

It has been generally accepted that CD4* T cells producing Th2 and (Mizutani et al., 2015). Therefore, we examined the effect of treatment
Thl cytokines play an important role in the development of atopic with anti-CD4 mAb on Der f-induced skin lesions in the present study.
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Pre-treatment with anti-CD4 mAb, but not post-treatment, exacerbated
the development of Der f-induced skin lesions in the second and third
weeks via increasing the number of CD8* T cells in MLN, although the
pre-treatment suppressed the skin lesions in the first week, indicating
that there are different mechanisms between the early and late stages in
Der f-induced skin lesions. Furthermore, pre-treatment with anti-CD8
mADb, but not post-treatment, suppressed the skin lesions via decreasing
the number of mast cells. Based on these data, we concluded that CD8*
T cells regulated by CD4™ cells in the early stage contributed to the
development of Der f-induced skin lesions in the late stage.

Th17 cytokines were increased in patients with atopic dermatitis
and Th17 cells, which are CD4" T cells as a cellular source of IL-17A,
induced atopic dermatitis (Koga et al., 2008; Ong and Leung, 2006;
Toda et al., 2003). Consistent with this, we reported that IgE-mediated
skin lesions were inhibited by the depletion of CD4* cells associated
with decreased levels of IL-17A (Mizutani et al., 2015) and treatment
with anti-IL-17A mAb inhibited the skin lesions, revealing that
Th17 cells are important for the development of IgE-mediated derma-
titis. However, in the present study, pre-treatment with anti-CD4 mAb
exacerbated Der f-induced skin lesions in the second and third weeks,
showing that CD4* cells inhibited the lesions. This discrepancy in the
data using the two models may be related to the level of antigen-spe-
cific IgE because Der f-specific IgE and IgGl in serum of the Der f-
treated group, which were detected by ELISA using plates coated with
Der f, did not show increased levels compared with those of the PBS-
treated group (data not shown), suggesting that the development of Der
f-induced skin lesion may not be associated with IgE.

Meanwhile, pre-treatment with anti-CD4 mAb enhanced Der f-in-
duced dermatitis in the second and third weeks via increasing the
number of CD8" T cells in MLNSs, suggesting that CD4 ™" cells regulate
CD8* T cells. It was reported that Tregs, which are CD4™ T cells ex-
pressing CD25, acted as suppressor cells (Laidlaw et al., 2016); fur-
thermore, Tregs can modulate the CD8 " T-cell response following im-
munization by suppressing the maturation state of dendritic cells
(Laidlaw et al., 2016). Based on these data, we hypothesized that Tregs
suppressed the development of Der f-induced dermatitis via decreasing
CD8" T cells. Therefore, we examined the effect of anti-CD25 mAb on
Der f-induced dermatitis. Consistent with pre-treatment with anti-CD4
mAD, pre-treatment with anti-CD25 mAb enhanced the development of
lesions associated with the increased the number of CD8* T cells. Thus,
the present study suggests that CD4"CD25" Tregs contribute to the
suppression of Der f-induced dermatitis via suppressing CD8* T cells.
Meanwhile, it has been reported that treatment with anti-CD25 mAb
inhibits the effector T cells expressing CD25 along with CD4"CD25™
Tregs (Couper et al., 2009). In the Der f model, the pre-treatment with
not only anti-CD4 mAb but also anti-CD25 mAb suppressed the skin
lesions in the first week, suggesting that the suppression of ear swelling
in first week by treatment with anti-CD25 mAb contributes to the ef-
fector T-cell inhibition.

In patients with atopic dermatitis, CD8 " T cells infiltrated the skin
(Hennino et al., 2007, 2011), showing that CD8 ™" cells are important for
the development of the disease. Furthermore, pre-treatment with anti-
CD8 mADb, but not post-treatment, strongly inhibited the development
of Der f-induced dermatitis, suggesting that CD8 " cells in the early
stage contributed to the development of Der f-induced skin lesions in
the late stage. Additionally, mast cells are best known as effector cells
for allergic diseases (Liu et al., 2011; Mekori and Metcalfe, 1999; Nakae
et al., 2006). Furthermore, it has been reported that mast cells play a
critical role in adoptive immunity, contributing to the process of in-
flammation via activating various T cells (Dudeck et al., 2011). In the
present study, the number of mast cells increased in the skin of Der f-
treated mice. Therefore, we investigated the effect of pre-treatment
with anti-CD8 mAb or anti-CD4 mAD on the increased number of mast
cells. Pre-treatment with anti-CD8 mAb inhibited the increased in-
filtration by mast cells associated with suppressing Der f-induced skin
lesions; furthermore, the exacerbation of Der f-induced skin lesions by
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pre-treatment with anti-CD4 mAb or anti-CD25 mAb was dependent on
the enhancement of CD8* T cells and mast cell infiltration, suggesting
that CD8* T cell-mediated mast cells, which show these responses as
effector cells and adoptive immunity, may contribute to the develop-
ment of Der f-induced skin lesions. Furthermore, it has been reported
that mast cells mediated CD8* T cells (Stelekati et al., 2009). Thus, the
relationship between CD8* T cells and mast cells may be critical for the
exacerbation of skin lesions by repeated antigen challenges.

To investigate the involvement of Th2 (IL-13) and Th17 (IL-17A)
cytokine production in the exacerbation of skin lesions in the second
and third weeks by pre-treatment with anti-CD4 mAb, we measured the
cytokines produced in MLNs using ELISA. As a result, their production
was suppressed by pre-treatment with anti-CD4 mAb, although the skin
lesions were not improved. Conversely, although pre-treatment with
anti-CD8 mAb did not inhibit the production of Th2 and Th17 cyto-
kines, the skin lesions were reduced, indicating that these cytokines did
not play an important role in the development of Der f-induced skin
lesions. Furthermore, it has been reported that IFN-y (Th1), with CD8*
T cells being a major producer, plays a crucial role in the development
of atopic dermatitis (Hennino et al., 2007). In the present study, pre-
treatment with anti-CD8 mAb significantly suppressed the increased
levels of IFN-y; however, pre-treatment with anti-CD4 mAb also in-
hibited the production, suggesting that the cytokine may not be in-
volved in the development of Der f-induced dermatitis. Meanwhile, pre-
treatment with anti-CD4 mAb inhibited the skin lesions in the first week
associated with reducing IL-17A production in MLNs; furthermore, pre-
treatment with anti-IL-17A mAb reduced the development of Der f-in-
duced skin lesions in the first week (data not shown), suggesting that IL-
17A contributes to the skin lesions in the early stage. Thus, there are
different mechanisms for the development of Der f-induced skin lesions
in the early and late stages.

It has been reported that perforin and granzyme B, which are cy-
totoxic molecules produced by CD8™ T cells, are expressed in the le-
sional skin of atopic dermatitis patients (Kehren et al., 1999; Yawalkar
et al., 2001). Thus, CD8* cell-induced molecules might be associated
with the development of Der f-induced dermatitis.

We showed that CD8* T cells and Tregs could be therapeutic targets
for atopic dermatitis. Regarding the function of CD8" T cells, it has
been reported that histone deacetylase 6 (HDAC6) is highly expressed
on CD8" T cells and HDAC6 inhibitors suppressed the contact hy-
persensitivity of a CD8" T-cell-related skin disease model (Tsuji et al.,
2015), indicating that HDAC6 inhibitors, which modulate CD8* T cell-
activation, might be therapeutic agents for atopic dermatitis associated
with CD8™" T-cell activation. Meanwhile, it has been reported that the
mammalian target of rapamycin (mTOR) inhibitor everolimus en-
hanced Treg conversion in addition to inhibiting immune responses
(Daniel et al., 2010), suggesting that mTOR inhibitors have an in-
hibitory effect on the development of atopic dermatitis. Thus, CD8* T
cells and Tregs may represent new targets in therapeutics for atopic
dermatitis.

5. Conclusion

Our findings suggest that CD8 ™ T cells in the early stage contribute
to the development of repeated Der f challenge-induced dermatitis via
mast cell infiltration of the skin; CD8* T cells are regulated by
CD4"CD25" Tregs. Thus, CD8" T cells and Tregs may be potential
therapeutic targets for atopic dermatitis.
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