Five female mice with a C57BL/6j
background and p75 gene mutation
(Lee et al., 1992) (Jackson Laboratory,
Maine) were used in this study. The
anterior abdominal skin was painted
with 100 pl of a 5% picryl chloride (PC)
solution (Tokyo Kasei Kogyo, Tokyo,
Japan) for the initial sensitization. The
cutaneous reaction in the sensitized
C57BL/6] and p75 knockout mice was
evoked by repeated paintings of both
ears with 15ul of 1% PC solution,
Controls received repeated paintings
of the ears with 15 gl of solvent without
the PC. The PC challenge was repeated
once a week for 4 weeks, followed
by three times per week, 10 times in
total, from 7 days after the initial
sensitization. Histochemistry for sub-
stance P, protein gene product 9.5,
NGF, and p75 was then performed.
The specificity of the immunoreaction
for substance P and NGF was confirmed
by the absorption test. Specificity for p75
immunoreaction was checked in p75
knockout mice (Figures 1g, h and 2h, 1.
As a preliminary experiment, PC treat-
ment was found to cause inflammation
of the skin of two male NC/Nga Tnd
Crijp mice. All amimal experiments were
carried out in accordance with a proto-
col approved by the institutional Animal
Care and Use Committee of Osaka
University.

PC treatment on the C57BL/6 mouse
skin resulted in a remarkable hyper-
keratosis and acanthosis (Figure 1),
Figure la-d shows the changes of the
localization of substance P fibers
and protein gene product 9.5 fibers in
the epidermis of C57BL/6 mice after
PC treatment, which caused sprouting
of sensory fibers in the epidermis of
the inflamed skin (Figure 1b and di.
Figure 1e-h shows the alteration of
NGF and p75-like immunoreactivity in
the PC treatment C57BL/6 mice. NGF
was weakly expressed in the keratino-
cytes of C57BL/6 mice without the PC
treatment (Figure lel. In the PC-treat-
ment mice, immunoreactivity in the
keratinocytes increased in number in
the epidermis (Figure 11, No NGF-
positive  fibers  were  seen in the
normal or inflamed skin, The alteration
of p75 expression in the keratinocytes
was similar to that found with NGF
{Figure 1g and hi. The most remarkable
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Figure 1. The histological analysis of the epidermis in C57B1L/6 mice following PC treatment. (a and b) Changes
in the immunoreactivity for substance P, (¢ and d) protein gene product 9.5, (@ and ) NGF, and (g and h) p75
in the epidermis (auricle) of C57BL% mice (a, ¢, e, and g) without PC treatment and (b, d, 1, and h) with

PC reatment ane shown. {a-d) The sprouting of sensory nenve fibers containing substance P and protein gene
prosduect 95 in the epickermis (auricle). In the control mice, as shown in inset of (3 and €, a few substance P and
protein gene product 9.5 fibers wene seen in the epidermis. (b and d) In the PC-treated mice, substance P and
protein gene product 9.5-positive fibers (arrows) were seen in the epidermis. (e and g) In the control mice.
keratinocytes were weakly immunoreactive for NGF and p75 in the epidermis. (f and hi In the PC-treated mice.
hyperkeratosis and acantasis were Jdentified and strong immunoreactivity for NGF and p75 was observed

in the epidermis, Only a few P75-immunostained cells were ween in the basal layer of the epidermis (inset nt'gj
As for the p75 expression, n the control mice, few P75 fibers were seen in epidermis, whereas marny P75-positive
nerve fibers (arrows) wene seen in the epidermis of the (hi PC-treated mice. Bar= 50 um

change found in the expression of after PC treatment (Figure 2a-ch. In

p75 in the inflamed skin was the
presence of a number of p75-positive
fibers in the epidermis (Figure Th),
where no p75-labeled fibers were seen
in the normal epidermis (Figure 1g
inset),

In contrast to C57BL/6 mice, in the
p75 knockout mice, hyperkeratosis and
acanthosis were inhibited remarkably

addition, no sprouting of substance P
fibers was identified in the epidermis in
p75 knockout mice, both with and
without PC treatment (Figure 2d and e).
PC treatment of p75 knockout mice
failed to increase the number of NGF-
expressing keratinocytes compared with
the PC-treated wild-type mice (Figure 2{
and gi. In the epidermis of p75 knock-
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o

Figure 2. The histological analysis of the epidermis in p75 knockout mice following PC treatment.

(@ and b) The histological change of the epidermis (auricle) of p75 knockout mice (a) without PC
treatment and (b) with PC treatment, stained by hematoxylin. (¢) A marked hyperkeratosis and acanthosis
was identified in the epidermis of C57BL/6 mice with the PC treatment. (b) However, in the p75 knockout
mice with PC treatment, hyperkeratosis and acanthosis was remarkably inhibited. Bar =50 um. Changes
in the immunoreactivity for (d and e substance P, if and g} NGF, and th and i) p75 in the epidermis
{auricle) of the p75 knockout mice (d, T, and h) without PC treatment and (e, g and i) with PC treatment
are shown. (d and e) No substance P fibers were found in sither the epidermis or dermis of either
PC-treated or non-treated mice. In the epidermis of p75 knockaut mice, immunareactivity for NGF was
seen in the keratinocytes of the epidermis (f) without PC treatment and (g) with PC treatment. Expression
of NGF in the epidermis was stronger in the PC-treated mice than in non-PC-treated mice. Similarly,

in the p75 knockout mice, no immunoreactivity for p75 was seen in the keratinocytes or sensory
nerve fibers (h) without PC treatment or (i) with PC treatment, Bar = 20 um.

out mice with and without PC treat-
ment, p75 expression was not seen in
the skin, including the keratinocytes and
sensory fibers (Figure Zh and i).
Inflammation causes hyperkeratosis,
acanthosis, and sprouting of sensory
nerve fibers. This study revealed the
upregulation of NGF and p75 in the
keratinocytes and the existence of p75-
positive sprouting nerve fibers in the

epidermis of the inflamed skin. These
findings strongly suggest that hyperker-
atosis, acanthosis, and sprouting of the
sensory fibers in the epidermis are
attributable to the NGF-p75 pathway.
In fact, we demonstrated that in the
p75 knockout mice, even under the PC
treatment, sprouting of sensory fibers
could not be identified and hyperker-
atosis and acanthosis were inhibited
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remarkably. These findings indicate
that hyperkeratosis, acanthosis, and
sprouting of the sensory fibers in the
epidermis in the inflamed skin are
induced mainly by the NGF-p75 path-
way in the epidermis.

In inflamed skin, both NGF and TrkA
are expressed in the increased kerati-
nocytes (Dou et al,, 2006). In addition,
a significant increase of keratinocytes
was seen in the p75 knockout mice
(Figure 2a and b). Accordingly, it is
possible that the NGF-TrkA pathway is
partly involved in  hyperkeratosis
and acanthosis in the inflamed skin
(Raychaudhuri et al, 2004). In any
case, TrkA knockout mice may help to
resolve this problem.

The findings concerning the expres-
sion of p75 in epidermis, not only in
normal skin but also in skin with
cutaneous inflammation, are controver-
sial. Previous studies reported that basal
keratinocytes are immunoreactive for
p75 in normal human skin, decreasing
the expression under inflammation (jo-
hansson et al., 2002; Dou et al., 2006).
However, this study showed that the
p75 expression in keratinocytes in-
creased after PC treatment (Figure 1g
and h). On the other hand, as to sensory
fibers, Dou et al. (2006) and Johansson
et al. (2002) found an increase of p75
fibers in the dermis but failed to
demonstrate them in the epidermis,
although other authors confirmed the
presence of sprouting sensory fibers in
the epidermis (Ostlere et al, 1995;
Chan et al., 1997). In contrast,
Bull er al. (1998) described a
decrease of p75 fibers in the inflamed
dermis. We have detected the sprouting
of p75 fibers in the epidermis together
with an increase in the number of
p75 fibers in the dermis during inflam-
mation. The discrepancy among
these studies might be attributed to
the different species or fixation methods
used.
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A Th2 cytokine, IL-4, induces various chemokines from epidermal keratinocytes which play crucial roles
in the pathogenesis of skin disorders such as atopic dermatitis. In contrast, the role of IFN-y. a Thi
cytokine, on eosinophilic skin inflammation is unclear. This study investigated the effects of IFN-y on

eotaxin-3/CCL26, a potent chemoattractant to eosinophils, in normal human

epidermal keratinocytes (NHEK), When the cells were stimulated with IL-4 and IFN-y simultaneously, IL-4-
induced CCL26 production was attenuated. In contrast, prior stimularion with IFN-y enhanced IL-4-induced
CCL26 production. NHEK constitutively expressed type 1 1L-4 receptor, and expression at the cell surface
was upregulated by stimulation with IFN-y, This upregulation resulted in an enhanced IL-4-mediated cel-
lular signal. These results indicate that IFN-7 has opposite effects on IL-4-induced CCL26 production in

NHEK depending on the time of exposure, Thus, changes in IL-4R expression by IFN-y might modulate eosin-

ophilic skin inflammation,

Epidermal keratinocytes represent the first line of defense
againstharmful effects such as heat wounds and virus skin infections
[1.2]. Epidermal keratinocytes also play important roles in the
pathogenesis of inflammatory skin diseases such as atopic dermati-
tis [3-5]. Inflammatory cells in the lesional skin of atopic dermatitis
are mainly composed of lymphocytes, mast cells and eosinophils 6],
These cells are believed to infiltrate the skin by various cytokines and
chemokines produced from epidermal keratinocytes. Overproduc-
tion of T helper type 2 (Th2 )-specific chemokines has been observed
in atopic-dermatitis-like lesions in mice [4). Thymus- and activa-
tion-regulared chemokines (TARC/CCL17) produced from epidermal
keratinocytes may be involved in recruiting Th2 lymphocytes to the
skin of subjects with atopic dermatitis [7]. Human keratinocytes
stimulated with IL-13, a pivotal mediator of the Th2 immune re-
sponse, preferentially attract Th2 lymphocytes through production
of macrophage-derived chemokines (MDC/CCL22) [8]. Thus, initia-
tion of atopic dermatitis is thought to be mediated by means of early
skin infiltration of Th2 lymphocytes. Epidermal keratinocytes also
produce eosinophil-attracting chemokines such as eotaxin/CCL11,
eotaxin-2/CCL24, and eotaxin-3/CCL26 |9,10]. Eosinaphilic inflam-
mation in lesional skin of patients with atopic dermatitis can be ex-
plained by the production of these chemokines from epidermal
keratinocytes and the Th2 cytokines, IL-4, and IL-5.
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In the chronic phase of lesional skin due to atopic dermatitis,
however, the accumulation of activated monocytes, dendritic cells,
and eosinophils causes a rise in 1L-12 expression and the appear-
ance of a mixed Th1/Th2 cytokine pattern. Concomitant with this
rise are reduced concentrations of Th2 cytokines and the presence
of a Thi cytokine, IFN-7 [5.11]. Although IFN-y-induced CCL17 pro-
duction from epidermal keratinocytes indicates the infiltration of
Th2 lymphocytes and the production of Th2 cytokines [12], IFN-y
was found to attenuate IL-4-induced CCL26 production in a human
keratinocyte cell line [10]. These results indicate that IFN-y has
ambiguous roles in eosinophilic skin inflammation arising from
atopic dermatitis. Interestingly, it had been demonstrated that
IFN-7v has dual effects on IL-4-induced CCL26 production in airway
epithelial cells, depending on the length of exposure [13].

We therefore investigated the effect of IFN-v on IL-4-induced
CCL26 production in primary human epidermal keratinocytes
(NHEK). NHEK showed dual opposite responses against IFN-y
stimulation regarding IL-4-induced CCL26 production. The mech-
anism behind this response involved type 1 1L-4 receptor (IL-4R)
upregulation. The results of the current study suggest that en-
hanced IL-4-dependent inflammation might occur in the chronic
phase of atopic dermatitis.

Materials and methods
Cell culture. NHEK cells were purchased from Cambrex Bio

Science (Walkersville, MD). The cells were cultured using a KGM-
2 Bullet kit (Cambrex Bio Science) at 37°C in a humidified

120 -




N. Nishi er al./

atmosphere containing 5% C0,. NHEK were passed by
trypsinization, and cells at 70-80% confluence at the third passage
were used for each experiment. Cells were seeded 1 day prior to
the experiments at 2 = 10° cells per well for six-well plates and
4« 10° cells per well for 6-cm plates. Prior to stimulation, the
culture medium was replaced with Dulbecco’s modified Eagle's
medium without fetal bovine serum (FBS), Various concentrations
of IL-4 and/or IFN-y (Peprotec, London, UK) were added to the
medium and the cells were incubated as indicated. In some exper-

iments, the cells were pretreated with [FN-y before IL-4
stimulation.
Reverse transcription-polymerase chain reaction (RT-PCR).

Extraction of total RNA, reverse transcription and PCRs for CCL11,
CCL24, CCL26, and [i-actin were carried out as previously described
[13]. PCR products were electrophoresed on a 1.5% agarose gel
(Conda, Madrid, Spain) and photographed.

Quantitative RT-PCR. Messenger RNA expression of CCL26, IL-4Rx,
vC, IL-13R«1, and IL-13R>2 were also examined by quantitative
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real-time PCR. All probes (CCL26: Hs 00171146_m1; IL-4Rx1:
Hs00166237_m1; yC: HsD0173950_m1; IL-13R~1: Hs00609817_m1;
1L-13R=%2: Hs00152924_m1) were purchased from Applied Biosys-
tems (Foster City, CA). GAPDH (Hs99999905_m1) was used as an
internal control for all PCR. Relative mRNA expression was quanti-
fied using the comparative C; (AG) method and expressed as
means £ SD.

Enzyme-linked immunosorbent assay (ELI5SA). The presence of
CCL11, CCL24, and CCL26 in the culture supernatants was detected
by a sandwich ELISA from R&D systems (Minneapolis, MN), per-
formed according to the manufacturer's instructions.

Western blotting. Cellular protein was extracted using a lysis
buffer as previously described [13]. Ten micrograms of protein
were electrophoresed on 8-10% SDS polyacrylamide gel and
transferred to nitrocellulose membranes (Bio-Rad, Richmond,
CA). In order to detect signal transducer and activator of tran-
scription & (STATE), phosphorylated STAT6 (pSTATG) and Il
4Ra, the following antibodies were used: rabbit anti-STATG
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(Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti-pSTAT6
{Santa Cruz) and rabbit anti-IL-4R=x (Santa Cruz). The membranes
were developed using a West Dura detection kit (Pierce, Rock-
tord, IL) and analyzed using a chemiluminescence analyzing sys-
tem (Las-1000 plus: Fujifilm, Tokyo. Japan).

Flow cytomerry. Flow cytometry analysis was performed as pre-
viously described | 14]. The cells were labeled with phycoerythrin-
conjugated mouse anti-human IL-4R> (Immunotech, Marseille,
France) or rat anti-human vC (Becton Dickinson, Mountain View,
CA). The labeled cells were analyzed on a FACS Caliber (Becton
Dickinson) and 10,000 events were collected

Statistical analysis. Data are presented as means = SD. Significant
differences were assessed using the paired Student’s r test. P values
less than 0.05 were considered statistically significant.

Results
Inhibitory effect of IFN-y on IL-4-induced CCL26 mRNA expression

CCL26 mRNA expression in NHEK was investigated first.
Although no constitutive mRNA expression of CCL26 was observed,
we confirmed that NHEK expressed CCL26 mRNA upon stimulation
with IL-4 in a time- and dose-dependent manner (Fig. 1A). When
IL-4 and IFN-v were present simultaneously in the culture medium,
IL-4-induced CCL26 mRNA expression was significantly attenuated
by IFN-v (Fig. 1B and C). No constitutive CCL11 mRNA was expressed
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in NHEK. It was observed that a small amount of CCL11 mRNA
expression was induced by 1L-4, and was inhibited by IFN-y
(Fig. 1B}, No CCL24 mRNA was detected in this study (Fig. 1B)

IFN-y pretreatment enhanced IL-4-induced CCL26 production

We previously observed that IFN-+ had opposite dual effects on
IL-4-induced CCL26 production in airway epithelial cells. Pretreat-
ment with IFN-v enhanced IL-4-induced CCL26 production in the
cells| 13, We therefore investigated the effect of IFN- pretreatment
on IL-4-induced CCL26 production in NHEK. NHEK were incubated
with IL-4 and/or IFN-v as indicated in Fig. 2A. IL-4-induced CCL26
release into the culture medium was significantly enhanced in
IFN-y-pretreated cells (Fig. 2A, column f). In contrast, CCL26 produc-
tion was significantly attenuated when IL-4 and IFN-y were present
simultaneously in the culture medium (Fig. 2A, column d). When
NHEK were stimulated with IL-4 soon after IFN-v pretreatment, no
enhanced IL-4-induced CCL26 production was observed (Fig. 2A, col-
umn e). IL.-4-induced CCL26 mRNA expression was augmented in
cells pretreated with IFN-y (Fig. 2B), consistent with the results from
the CCL26 production experiments.

IFN-7 enhanced Il-4 receptor expression

We next investigated the mechanism by which IFN-y pretreat-
ment enhances IL-4-induced CCL26 production. It was observed

CCL26
[-actin

IL-4 0 1.5

Fig. 2. Effect of IFN-y
Gray bar, incubation ¢

pretreatment on IL-d-induced CCL26 production

20 1 i
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A) Left panel; schematic representation demonstrating how ©
with culture medium; hatched bar, incubation with [L-4 {25 ng/ml}; black bar, incubation with IFN
culture medium was determined by FLISA. Results shown are means £ SD of values from a representative experiment performed with triplicate samples
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were incubated in the experiment
5 ng/ml). Right panel: CCL26 released into
P<0.01; 7P« 0.05)

B) Quantitative analysis of IL-4-induced COL26 mRNA expression, White bar indicates CCL26 mRENA expression in cells incubated as indicated in (A, column ¢); black bar, cells
were incubated as indicated in (A, column [). Representative RT-PCR data from two separate experiments is shown,
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that NHEK constitutively expressed mRNA of IL-4Rx and yC, which
are components of type 1 IL-4R. IFN-y dose-dependently enhanced
mMRNA expression of 1L-4R% and yC (Fig. 3A), Constitutive mRNA
expression of IL-13Rx1, a component of type 2 IL-4R. was ob-
served, and its expression was upregulated by IFN-y (Fig. 3B).
These results indicare rhat NHEK express both type 1 and 2 |L-

4R. Interestingly, mRNA expression of IL-13Rx2, a decoy receptor

for 1L-13, was also enhanced by IFN-v (Fig. 3B). Western blotting
showed constitutive IL-4R» expression, which was upregulated
by IFN-v (data now shown), Flow cytometry analysis also revealed
that NHEK express both components of type 1 IL-4R at the cell sur-
face when expression is upregulated by IFN-v (Fig. 4A). Dose
dependent upregulation of IL-4Rx and yC were also observed
(Fig. 4B). Finally, we investigated the effect of IFN-y pretreatment
on Il-4-induced phosphorylation of STATG, and found that pre
treatment with IFN-y for 24 h enhanced pSTATE generation in-
duced by IL-4 (Fig. 4C).

Discussion

This study demonstrated that NHEK produce CCL26 upon
stimulation with IL-4, which is consistent with results from pre-

vious studies [9,10]. Although IL-4 induced a small amount of

CCL11 mRNA expression in the present study, no CCL11 protein
was detected. However, neither CCL24 mRNA nor protein was
detected. It can be speculated that CCL26 might be an eotaxin

mainly produced from epidermal keratinocytes upon stimulation
with IL-4.

The inhibitory effect of IFN-v on IL-4-induced CCL26 mRNA
expression and protein production was observed in this study,
which is in line with previous findings in HacaT cells [ 10], Suppres
sor of cytokine signaling 1 (SOCS1)-dependent inhibition of IL-4
induced gene expression was demonstrated in keratinocytes [15].
In addition, IFN SOCS1 regulates STATG-dependent
CCL11 expression triggered by IL-4 and TNF-2 in mouse embryonic
fibroblasts |[16). In the IFN-y pretreatment experiments in this
study. an additional 24-h incubation without IFN-y prior to |L-4
stimulation was required ro enhance IL-4-induced CCL26 produc-
tion (Fig. 2A, column f). No enhanced CCL26 production was ob-
served in cells stimulated with IL-4 soon after completion of the
IFN-7 pretreatment (Fig. 2A, column e), This additional incubation
without [FN-v might be necessary to counteract the effect of IFN
induced SOCS1 in NHEK,

Several studies have shown that the cytokine profile in the skin
changes during the course of atopic dermatitis, resulting in a Thi
Th2 mixed cytokine profile [ 11,17]. Given that IFN-7 inhibits CCL26
production from epidermal keratinocytes, a change in cytokine
profile from Th2 to Th1 might indicate attenuation of eosinophilic
inflammation in the chronic phase of atopic dermatitis; however,
eosinophils were still observed in this phase [18]. Eosinophil infil-
tration in the chronic phase of atopic dermatitis may be explained
at least in part by the observation that IFN-y induces CCL17

/-induced
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Fig. 4. Protein expression of components of type 1 IL-4R. (A} Kinetics of IL-4Rx and C expression at the cell surface over time. IL-4R% and vC expressions were investigated
by FACS as described in materials and methods section. Cells were treated with 5 ng/ml of IFN-y for 0 h (shaded area), 24 h (thin line) and 48 h (bold line]. Dotted histogram:
control cells labeled with isotype matched mouse (IL-4Rx) or rat {yC) IgG, (B) Dose-dependent induction of 11-4Rx and +C. Cells were treated with 0 ng/m! (shaded area),
5 ng/mi (thin line), and 50 ng/ml (bold line) of IFN-y for 48 h. (€} Enhanced [L-4-induced pSTATE generation in cells pretreated with IFN-y. NHEK were pretreated with 5 ng/
ml of IFN-y for 24 b After washing with PBS, the cells were incubated with culture medium for 24 h. Cells were then stimulated with 25 ng/ml of 1L-4 for 5 min.
Representative Western blot data from three separate experiments is shown.
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production from keratinocytes, perhaps similar to the way CCL17
preferentially stimulates the infiltration of Th2 lymphocytes [19].
The observation in this study that pretreatment with [FN-y
enhanced IL-4-induced CCL26 production might reveal a novel
mechanism by which eosinophil infiltration is maintained in the
chronic phase of atopic dermatitis.

Receptor regulation is an important mechanism by which
several mediators, including 1L-4 and IL-13, work, 1L-4 and IL-13
signal through IL-4R complexes |20], of which two types have been
demonstrated. Type 1 1L-4R is composed of IL-4R> and yC subunits
and is primarily expressed in hematopoietic cells [20], whereas
type 2 IL-4R is composed of IL-4Rx and IL-13R%1 subunits and is
primarily expressed in non-hematopoietic cells [20.21]. Although
IL-4 binds to both rypes of IL-4R, IL-13 signals only through type
2 IL-4R [20]. Important roles for 1L-13 in skin inflammation have
been demonstrated (22|, and upregulation of [L-13R%1 in human
keratinocytes in the skin of atopic dermatitis and psoriasis patients
has been described [23.24], Recently, Purwar and colleagues
showed modulation of type 2 IL-4R expression by several cytokines
including IFN-v in keratinocytes [25]. In a keratinocyte cell line,
however, no yC mRNA expression was demonstrated, indicating
that the cell line only expressed type 2 IL-4R [26]. Wongpiyabov-
orn and colleagues observed a small amount of yC mRNA, and
expression was upregulated by IFN-7; however, no yC protein
was observed by FACS analysis of primary human keratinocytes
|23). Conversely, several reports have noted differential effects of
IL-4 and IL-13, which suggests expression of both types of IL-4R
in keratinocytes [23.27.28]. FACS analyses in the present study
clearly demonstrate constitutive protein expression in NHEK of
the type 1 IL-4R components, IL-4Rx1 and yC. It is interesting that
IFN-y enhanced protein expression of both IL-4Rx1 and C, sug-
gesting upregulation of type 1 IL-4R in NHEK. In addition, IFN-y-in-
duced type 1 IL-4R upregulation resulted in enhanced IL-4-induced
CCL26 production through enhancement of the IL-4-induced cellu-
lar signal, STAT6. These results suggest that IL-4 might play an
important role in skin inflammation, specifically in conditions
assoclared with enhanced levels of IFN-y such as the chronic phase
of atopic dermatitis.

We also observed IFN-y-enhanced expression of both IL-13Rx%1
and IL-13R»2 mRNA, which is in line with the findings of a recent
study [25]. IL-13R%2 has been suggested to function as a decoy
receptor because the cytoplasmic region of IL-13R=2 does not have
a signaling mortif or JAK/STAT binding sequence [29]. Since
IL-13R%2 shows high affinity towards [L-13 compared to
IL-13Rx«1, enhanced expression of IL-13R%2 may reduce the extent
of IL-13 in skin inflammation [29,30], Although the expression of
IL-13R%1 and 1L-13R%2 protein was not examined in this study.
it is likely that these receptors may be upregulated by IFN-7 in
NHEK. Taken together, results to date indicate that as the impor-
tance of 1L-13 decreases, the important role of [L-4 might increase
in IFN-y-dominant chronic skin lesions such as atopic dermatitis.
Further studies will be needed to clarify the role of IL-4, IL-13,
and IL-13R%2 on keratinocytes in skin inflammation.

Atopic dermatitis is exacerbated by various causes, including
bacterial skin infection [31] and viral infection [32]. The role of
IFN-v in such conditions remains unclear. A Toll-like receptor-9
ligand, CpG oligodeoxynucleotide, is a known potent inducer of
Th1 cytokines including IFN-7, and has been demonstrated to exac-
erbate atopic dermatitis-like skin lesion in NC/Nga mice [33]. In
these mice, hyperproduction of INF-y may play a role in exacerbat-
ing dermatitis in spite of the reduced production of Th2 cytokines.
If such skin lesions are exposed to allergen, IL-4 induced from Th2
lymphocytes might result in enhanced CCL26 production from
keratinocytes through upregulation of type 1 IL-4R by IFN-v.

In conclusion, this study demonstrated upregulation of type 1
IL-4R by IFN-y, which resulted in enhanced IL-4-induced
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production of CCL26 from kerarinocytes. Although the importance
of IL-13 and its receptor (type 2 IL-4R) in lesional skin have been
emphasized, the present results might also indicate the specific
importance of I1L-4 and type 1 IL-4R in chronic skin inflammation
such as atopic dermatitis.
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