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Flg. 2. Correlation analysis. Correlations of plasma TARC leve!s with
plasma MDC levels, EASI scores, serum LDH levals, serum total IgE
and blood eosinophil counts were analyzed for the AD patients.

Furthermore, we observed MDC immunoreactivity in epider-
mal keratinocytes (Fig. 4E and F), which was even stronger
and more widely distributed in the epidermal layers than TARC
immunoreactivity. We also observed MDC* cells in the dermis
of AD lesional skin (Fig. 4G), which were likely to be mostly
dendritic cells as reported previously (6,21). On the other
hand, we hardly observed immunoreactivity for TARC and
MDC innormal skin {n = 3) (net shown) or psoriatic skin (n = 3)
(Fig. 4D and H}.

Inducible co-expression of TARC and MDC in primary
human epidermal keratinoeytes in vitro

Positive TARC and MDC immunoreactivity in epidermal
keratinocytes in AD skin lesions led us to examine expression
of TARC and MDC by primary human epidermal keratinocytes
invitro, As shown in Fig. 5, TARC and MDC were both induced
in primary epidermal keratinocytes primarily by IFN-y. MDC
was also weakly induced by the combination of IL-1¢ and
TNF-a.. On the other hand, IL-4, the major Th2-type cytokine,
was fotally incapable of inducing TARC or MDC alone or in
combination with other cytokines. As shown in Fig. 6(A}, MDC
was dose-dependently secreted from primary keratinocytes
upen treatment with IFN-y, By using the same culture super-
natants, however, we hardly detected TARC (<0.6 pg/ml), We
also examined production of TARC and MDC by a human
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Fig. 3. RT-PCR analysis on expression of TARC, MDC and CCR4 in
human skin tissues. Total RNA samples were prepared from
peripheral blood mononuclear cells treated with phytchemagglutinin
for 24 h (PHA-treated PBMC), skin biopsies of threa normal donors
(normal) and those from three atopic patients (AD). AT-PCR znalysis
was cartied out for MDC, TARC, CCR4 and G3PDH as described in
Methods,
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Flig. 4. Immunchistochemical staining of TARC and MDC in lesional
skin ¢t AD and psoriasis, Indirect staining of TARC and MDC with
renocionzl anti-TARC and anti-MDC antibodies was carried out as
described in Mathods. (A-D) Staining with anti-TARC; (E-H) staining
vith anti-MDC. {(A-C and E-G) AD skin; (D and H) psoriasis skin,
Horizontal bars indicate 50 um (A-F and H) or 20 pm (G).



IFN-yinducible expression of TARC/CCL17 and MDC/CCL22 771

PHA-treated PEMC
no stimulation
L-fa+ TNF-a
H-ta & IFN-y

L-fa + L4
TNF-a + IFN-y

TNF-a+ IL4
FFN-y + IL-4

[]
| -
. . TARC

Fig. 5. Induction of TARC and MDC in primary epidermal
keratinocytes by IFN-¢. Human primary epidermal keratinccytes
were mock-freated or treated with LPS at 30 ng/ml, IL-1e at
10 ng/m!, TNF-uz at 50 ng/ml, IFN-y at 103 ng/ml and 1L-4 at 100 ng/ml,
alone or in combinaticns as indicated, for 24 h, Total RNA was
preparad and RT-PCR was carried out as described in Methads.
Representative results from three separale experiments are shown.
The lower panel shows the signal intensity ratio between each
chemokine and G3POH.

keratinocytic cell line HaCaT, As shown in Fig. 6(B), HaCaT
constitutively produced MDC and its production was moder-
ately augmented by [FN-y HaCaT also constitutively pro-
duced TARC, but at a level much fower than that of MDC and
again its production was moderately elevated by IFN-y.

in vivo induction of TARC and MDC in mouse skin by IFN-y

To test whether IFN-y was also capable of inducing TARC and
MOC in vivo, we injected IFN-yinto mouse skin, and examined
tissue expression of TARC and MDC by RT-PCR. As showni in
Fig. 7, alow level expression of TARC, but not MDC, was seen
in control mouse skin tissues. Upon injection with IFN-y, both
TARC and MDC were strongly induced with a peak at 6 h.

Discussion

Previcusly, highly elevated 'serum’ levels of TARC and MDC
were reported in AD patients (9,10). However, chemokine
contents in serum samples could be quite different from those
in the circulating blcod, since (i) some chemokines are known
to be actively released from platelets during clotting (14,15},
(i) many chemokines are also passively released from DARC
on red blood cells during clotting (17) and (i} some
chemokines are adsorbed to newly formed blood clots (18).
In fact, we have recently demonstrated that platelets contain a
substantial amount of TARC and release it upon coagulation
{Fujisawa st al,, submitted). Therefore, in the present study, we
re-evaluated circulating levels of TARC and MDC in normal
and AD subjects by using 'plasma’ samples. We have shown
for the first time that plasma levels of TARC and MDC are
significantly elevated in AD patients and correlate well with
disease severity and other clinical parameters known to be
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Fig. 6. Secretion of MDC and TARC by epidermal keratinocytes.
Primary human epidermal keratinocytes (A} and an immonalized
human epidermal keratinocytic celt line HaCaT (B} were cultured in
six-well plates to confluency and mock-treated or treated with
indicated concentrations of IFN-y for 24 h. The contents of MDC
(filed bars) and TARC (dotted bars) in the culture supernatants
were determined with ELISA. Representative results from two
separate experimants are shown,

Flg. 7. Induction of MDC and TARC in mouse skin by [FN-y. BALB/c
mice were intradermally injected with 100 wl of PBS alone or
containing 10 ng of murine IFN-y and skin tissues at injected sites
were oblained at indicated time points. Total RNA was prepared
and RT-PCR analysis was carried out as described in Methods.
Representative results from two separate experiments are shown.
The lower panel shows the signal intensity ratio between each
chemckine and G3PDH: top, HPC; bottom, TARC.

elevated in AD patients (Figs 1 and 2). Thus, plasma !evels of
TARC and MDC are quite useful for clinical evaluation of AD
patients. These results also strongly support that TARC and
MDGC play important rofes in AD pathogenesis.
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By RT-PCR analysis, we showed that signals of TARC, MDC
and their shared receptor CCR4 were strongly up-regulated in
AD lesional skin tissues (Fig. 3). This supports that local
production of TARC and MDC in AD skin lesions promoted
infiitration of T cells expressing CCR4, which are known to be
mestly To2-polarized memory T cells and/or those expressing
cutaneous lymphaocyte antigen (5,22). Recently, Nakatani et a/.
as well as Wakugawa ef af, indeed demonstrated prominent
dermal infiltration of CCR4* memory T cells in AD lesional skin
tissues by immunchistochemical staining {11,12). Previously,
Vestergaard et al. also demonstrated TARC immunoreactivity
in the epidermal basal layers of AD skin lesions (13). They did
not, however, observe TARC immunoreactivity in any other
cells in the dermis including vascular endothelial cells. On the
other hand, Kakinuma ef al. detected TARC immunoreactivity
in epidermal keratinocytes, dermal vascular endothelial cells,
infltrating T cells and dermal dendritic cells in AD skin lesions
(10). In the case of MDC, Galli ef al reported MDC-
immunoreactivity in dermal-infiltrating cells in AD skin, which
were identified as T cells and dendritic cells by double-
staining techniques (9), They did not, however, mention MDC
immunoreactivity in epidermal keratinocytes. In the present
study, we showed by immunchistochemical staining using
specific mAb that not only TARC but also MDC was produced
in the epidermal layer of AD skin lesions {Fig. 4). We also
detected TARC immunoreactivity in vascular endothelial cells,
while that of MDC in dermal dendritic cells (Fig. 4). Thus, our
results on TARC immunoreactivity were very similar to those by
Kakinuma et al. (10). Furthermotre, the present paper is the first
to demonstrate a prominent MDC production by epidermal
keratinocytes in AD lesional skin. The discrepancies among
previous and present studies concerning the staining patterns
of TARC and MDC in AD lesional skin may be due to different
staining conditions, including use of different antibodies, We
did not observe any immunoreactivity for TARC and MDC in
normal skin as reported previously (9,10,13) or in pscriasis
skin (Fig. 4},

To prove the intrinsic capability of epidermal keratinocytes
to produce MDC as well as TARC, we first examined
expression of MDC and TARC mRNA in primary epidermal
keratinocytes. We demonstrated that not only TARC mRNA,
but also that of MDC was induced in primary epidermal
keratinocytes upon treatment with IFN-y (Fig. 5). We also
demenstrated in vivo induction of MDC and TARC mRNA in
mause skin upon local injection of IFN-y (Fig. 7). Accordingly,
primary epidermal keratinocytes and an immortalized human
epidermal keratinocytic cell Iine HaCaT efficiently secrsted
MDC upon treatment with IFN-y {Fig. 6). This is the first report
to show the ability of epidermal keratinocytes to preduce
MDC. Unexpectedly, however, we hardly detected secretion
of TARC by IFN-y-stimulated primary epidermal keratinocytes
(Fig. 6). We were also unable to detect TARC protein in IFN-y-
stimulated primary epidermal keratinocytes by immung-
flucrescent staining (not shown). Previously, Vestergaard
et al. reported vigorous secretion of TARC by a human
keratineeytic cell line HaCaT upon stimulation with cytokines
such as IFN-y and TNF-ct {13). We found that HaCaT indeed
secreted TARC upoen treatment with IFN-y, but at levels much
lower that those of MDC (Fig. 6). Since both TARC and MDC
transcripts were induced at more or less similar levels in

primary keratinocytes and HaCaT upon stimulation with IFN-y,
production of TARC protein by epidermal keratinocytes may
require further conditions such as particutar stages of differ-
entiation andfor some other signals from the local milieu.
Consistently, TARC immunoreactivity in epidermal keratino-
cytes in AD skin lesions was much more restricted than that of
MDC (Fig. 4).

It is notable that FN-y {the Ty 1-type cytokine), but not IL-4
(the Tn2-type cytokine), induces epidermal keratinocytes to
express MDC and TARC, which are the pair of T 2type
chemokines acting on CCR4 (Fig. 5). IFN-y is also the potent
inducer of the trio of Th1-type CXC chemokines Mig/CXCLG,
IP-10/CXCL10 and J-TAC/CXCL11 in various types of cells
including human keratinocytes {23}, Mig, IP-10 and |-TAC
commonly act on CXCR3 and selectively attract T,1 cells (3).
Previcus studies on the cytokine pattern of AD skin lesions
have demanstrated that a T,2 cytokine profile (IL-4, IL-5 and
IL-13} is predominant during the initial phase of skin inflam-
mation, but both Ta2 and Ta1 cytokines (IL-5 and IFN-y) are up-
regulated in chronic lesions (24). Even though most AD
patients had undetectable levels of IFN-y in their plasma
samples as control subjects (<8 pg/ml, data not shown), IFN-y
may be the key factor in the chronic phase of AD because of its
unique ability to simultaneously induce both T,1- and T,2-
attracting chemokines from epidermal keratinocytes in AD
skin. Indeed, the critical role of IFN-yin AD pathogenesis has
been amply demonstrated (24). Our findings that IFN-y is a
potent inducer of MDC in epidermal keratinocytes may now
provide a new clue for its pivotal ro'e in the AD pathogenesis.
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Abbreviations

AD atopic dermatitis

EASI eczema area and severity index
LDH lactate dehydrogenase

MDC macrophage-derived chemoking

TARC thymus and activation-regulated chemokine
TNF turnor necrosis facter
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IL-4, BUT NOT IL-13, MODULATES TARC
(THYMUS AND ACTIVATION-REGULATED
CHEMOKINE)/CCL17 AND IP-10
(INTERFERON-INDUCED PROTEIN OF
10 kDa)/CXCL10 RELEASE BY TNF-o AND IFN-y IN
HaCaT CELL LINE

Takashi Kakinuma,' Koichiro Nakamura,?, Motoshi Wakugawa,’
Shoichiro Yano,' Hidehisa Saeki,’ Hideshi Torii,' Mayumi Komine,’
Akihiko Asahina,’ Kunihiko Tamaki!

It is known that both interleukin< (I1.4) and I1-13 are produced by Th2-type cells and share
similar biological functions with each other. However, recently accumulated evidences have
revealed that IL-4 may be involved in the Thl-type response. Both thymus and activation-
regulated chemokine (TARC/CCLI17), a ligand for CC chemokine receptor 4 that is mainly
expressed on Th2-type cells, and interferon-induced protein of 10 kDa (IP-10/CXCL10), a
ligand for CXC chemokine receptor 3 that is mainly expressed on Thl-type cells, are produced
by keratinocytes after the stimulation with the primary cytokines such as tumor necrotic
factor-¢ (INF-u) and/or interferon-y (IFNy). In this study, we investigated the regulation of
TARC or IP-10 production from HaCaT cells, an immortalized human keratinocyte cell line,
after stimulation with TNF-u, IFN-y, 1L~ and/or TL-13. Without stimulation, HaCaT cells did
not produce TARC. When both TNF-a and IFN-y were added, they increased synergistically
{(P<0.003). In addition, when HaCaT cells were stimulated with Y4, but not IL-13, in
combination with TNF-¢ and IFN-y, the supernatant TARC levels significantly decreased
compared to those with both TNF-¢ and IFN-y (P<0.009). This inhibition was completely
abolished with the addition of neutralizing anti-IL~4 antibody. The supernatant IP-10 levels also
increased synergistically by stimulation with TNF-a and YEN-y for 24 h (P<0.001). When I1.-4,
but not I1.-13, was added to the medium and the cells were co-cultured with these eytokines, the
IP-10 levels significantly increased compared to those with both TNF-¢ and IFN-y (P<0.04).
Furthermore, the effects of IL-4 on TARC and IP-10 production in these cells were detected in
a dose-dependent manner. These data strongly suggest that IL-4 may act not only as a mediator
of Thl-type response but also as a down-regulator of Th2-type response in terms of the
regulation of chemokine production by HaCaT cells.

© 2002 Ebsevier Sclence Lid. Al vights reserved,

Chemokines are a large and growing family of
0- 1o 14-kDa heparin-binding proteins, According to
NH2-terminal cysteine-motifs, they are divided into
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the C, CC, CXC and CX3C subfamilies.,! These
chemokines possess the corresponding receptors
respectively, and regulate leukocyte migration and
activation through binding to the transmembrane
receptors  differentially expressed on lymphocyte
subsets in the inflammatory sites.??

Thymus and activation-regulated chemokine
{TARC/CCLI17) is a functional ligand for CC chemo-
kine receptor 4 (CCR4).* Because CCR4 is predomi-
nantly expressed on Th2-type cells,® it is suggested that
TARC is involved in Th2-polarized diseases. Indeed,
we recently revealed that the serum TARC levels
significantly correlated the disease activity of atopic
dermatitis (AD), characterized as a Th2-dominant

1
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disease, and the strong immunoreactivity of TARC
was observed in lesional keratinocytes (KCs) of
patients with AD.® Interferon-induced protein of
10 kDa (TP-10/CXCL10) is a ligand for CXC chemo-
kine receptor 3 (CXCR3).” In contrast to CCR4,
CXCR3 is preferentially expressed on Thil-type cells,’
supporting the previous report that IP-10 was highly
detected in lesional skin of psoriasis vulgaris (PsV),
characterized as a Thl-dominant disease.® Thus,
although TARC and IP-10 have divergent effects in
terms of Thl1/Th2-polarized situation, both chemo-
kines are important for inflammatory skin diseases
such as AD and PsV. In vitro, both TARC and IP-10
are secreted from human KCs after stimulation with
tumor necrotic factor-o (TNF-g) and interferon-y
(IFN-¥).>° As TARC and IP-10 have distinct roles for
the Th1/Th2-type response, it is of interest and impor-
tance to investigate the regulation of TARC and IP-10
by various cytokines.

Interlenkin4 (IL-4) and IL-13 share about
20-25% homology with each other,'' are produced
primarily by Th2-type cells and have similar functions
such as production of immunoglobulin E from B
cells.'>13 It is reported that both IL-4 and IL-13 can
cross-compete for IL-4Ra, but that only IL-4 binds
directly to this receptor chain.' IL-13 binds to its own
primary binding chain (IL.-13Rul) to which IL-4 does
not bind, and recruits IL-4R o into a receptor complex
resulting in an increase in binding affinity and the
initiation of signal transduction.'* Furthermore, I1L-13
binds to another I1.-13 receptor, IL-13R¢2.!% In con-
trast to IL-4, I1.-13 specifically binds to IL-13Ra2 with
a high affinity and co-expression with IL4Ra not
increasing the IL-13 binding.'® Recent reports revealed
that IL-4 up-regulated the production of IP-10/
CXCL10," suggesting that IL-4 secreted by Th2-type
cells could have an effect on Thl-type inflammatory
response.

To elucidate the effect on Th1/Th2-balance by
IL4 and IL-13 in vitro, we used a HaCaT cell line,
established as an immortalized human KC cell line, in
this study.!® We investigated the secretion of TARC
and IP-10 from HaCaT cells and the effect of IL-4 and
IL-13 cn these secretions.

RESULTS

TNF-a and IFN-y enhanced TARC production
Srom HaCaT cells

First, we tested the TARC and IP-10 production
by HaCaT cells with the stimulation of different con-
centrations of TNF-g¢ IFN-y, When HaCaT cells were
co-cultured with 100 ng/m] of TNF-¢ and IFN-y,
maximal up-regulation of TARC and IP-10 production
from HaCaT cells were observed (data not shown).
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Without stimulation, the supernatant TARC levels
were 28.0 +4.2 pg/ml after 24 h culture. When HaCaT
cells were co-cultured with TNF-o (100 ng/ml) or
IFN-y (100 ng/ml) for 24 h, the supernatant TARC
levels slightly increased to 78.5+15.3 pg/ml and
100.8 £ 20.0 pg/ml, respectively, When HaCaT cells
were co-cultured with both TNF-o and IFN-y for 24 h,
they increased synergistically to 1225.3  102.4 pg/ml
(P<0.002), which is consistent with previous report.”

IL-4, but not IL-13, inhibited TARC production
Sfrom HaCaT cells

The HaCaT cells were then stimulated with 114
and/or IL-13 in combination with both TNF-¢ and
[FN-y for 24 h. The supernatant TARC levels were
330.0 £ 26.4 pg/ml when stimulated with combined
stimulation with TNF-0, IFN-y and TL-4, which was
significantly lower compared to those with TNF.¢
and IFN-y (1225.3 +104.2 pg/ml, P<0.009). More-
over, this inhibitory effect of IL-4 on TARC produc-
tion was completely abolished when HaCaT cells were
co-cultured with TNF-a, IFN-y, IL4 and neutralizing
anti-IL-4 monoclonal antibody (mAb) (1200.8 +
135.0 pg/ml). In contrast, no significant difference was
detected when IL-13 was added in the medium and
HaCaT cells were cultured with TNF-a, IFN-y and
IL-13 for 24 h. Furthermore, the supernatant TARC
levels showed basal levels when HaCaT cells were
cultured with IL.4 alone (35.0 +£3.9 pg/ml) or IL-13
alone (32.8 + 5.0 pg/ml). These results are summarized
in Figure 1.

When HaCaT cells were stimulated with either
TNF-a or IFN-y in addition to IL-4 for 24 h, there was
no significant difference compared to those with
TNF-o and IFN-y (data not shown).

IP-10 production from HaCaT cells was enhanced
by TNF-q, IFN-y and IL-4

We also examined the effects of IL-4 or IL-13 on
1P-10 production from HaCaT cells co-stimulated with
TNF-o and IFN-y. The supernatant IP-10 levels were
17.6 £ 5.0 pg/m] without stimulation. When the
HaCaT cells were stimulated with TNF-o alone, the
IP-10 levels were 26.8 + 11.2 pg/ml. However, when
HaCaT cells were stimulated with IFN-y, the super-
natant IP-10 levels were 140.9 & 21,5 pg/ml, which was
significantly higher than those without stimulation
(F<0.01). When HaCaT cells were cultured with both
TNF-o and IFN-y, they increased synergistically to
1750.0 £325.8 pg/ml (P<0.001). Moreover, when
HaCaT cells were co-cultured with IL-4 in combina-
tion with TNF-a and IFN-y, the supernatant IP-10
levels were 2212.5 £550.3 pg/ml, which was signifi-
cantly higher compared to those with TNF-a and
IFN-vy (P<0.04). When anti-IL-4 mAb was added in



1300 ~

z

E 1o0o [

:

§ e

E pe 23
E NS

wellom TNFw [FNy TNFa TNFa TWFa TNFa TNFo IL4  [L.s
+ - * -+
Ny IFNy IFNy JFNy [Ny
- + * +
IL-4 w4 [L-13  [L4
¥ +
Aati L1y
L4
mAb

Figure 1. The supernatant TARC levels after stimulation with vari-
ous cytokines (#=3).

The supcrnatant TARC levels increased when HaCaT cells were
co-cultured with TNF-a (100 ng/mt) and IFN-y (100 ng/ml) for 24 h.
This increased TARC levels were inhibited by IL-4 in combination
with TNF-¢ and IFN-y. This inhibition by IL-4 was completely
blocked when HaCaT cells were co-cultured with TNF-a, IFN-v,
IL-4 and neutralizing anti-IL-4 mAb. In contrast, there was no
significant dilference of TARC production from HaCaT cells when
stimulated with IL-13. Each concentration of the cytokines was as
follows; TNF-a: 100 ng/ml, IFN-y: 100 ng/ml, IL-4: 10 ng/ml, IL-13:
10 ng/ml, Anti-IL-4 mAb: 1 pg/ml,

the culture medium and HaCaT cells were co-cuitured
with IL-4, anti-IL-4 mAb, TNF-a and IFN-y for
24h, the supernatant IP-10 levels restored to
1705.6 £ 380.0 pg/ml. There was no significant differ-
ence of the supernatant IP-10 levels by HaCaT cells
when HaCaT cells were co-cultured with IL-13 alone
or in combination with TNF-a and IFN-y (Fig. 2).

IL-4 influenced the production of TARC and
IP-10 in a dose-dependent manner

As IL-4 inhibited the TARC production and
enhanced the IP-10 production from HaCaT cells
co-stimulated with TNF-a and [FN-y, we next investij-
gated the supernatant TARC and IP-10 levels after
stimulation with different concentration of IL-4 in
combination with TNF-¢ and IFN-y. When HaCaT
cells were co-stimulated with different concentration
of IL-4 (0.01-100 ng/ml), the supernatant TARC
levels were detected from 10342 +85.4 pg/ml to
314.5 £29.8 pg/ml. The inhibitory effect of IL-4 on
the TARC levels was in a dose-dependent manner.
In contrast, when HaCaT cells were co-stimulated
with different concentration of IL-4 (0.01-100 ng/ml),
the supernatant IP-10 levels were detected from
1830.1 £118.5 pg/ml to 2435.0 +301.9 pg/ml. Thus,

Modulation of TARC and IP-10 in HaCaT by IL-4/3
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Figure 2. The supernatant IP-10 levels after stimulation with the
varlous cytokines (n=3).

The supernatant IP-10 levels were also vp-regulated by TNF-a and
IFN-y, and the increased IP-10 production was augmented by IL-4.
In contrast, there was no significant difference of IP-10 production
from HaCaT cells when stimulated with IL-13. Each concentration
of the cytokines was as follows; TNF-a: 100 ng/ml, IFN-y: 100 ng/
ml, IL-4; 10 ng/ml, IL-13; 10 ng/ml.

the enhancement of IL-4 on the IP-10 levels by HaCaT
cells were detected in a dose-dependent manner
(Fig. 3). IL-13 did not significantly modulate the
TARC or IP-10 production when HaCaT cells were
co-stimulated with both TNF-a and IFN-y (data not
shown).

DISCUSSION

In this study, we examined the production of
TARC and TP-10 from HaCaT cells and the obtained
results were as follows: (1) the production of TARC
and IP-10 significantly increased by stimulation with
TNF-¢ and IFN-y, (2) IL-4 inhibited the TNF-o and
IFN-y-induced TARC production and enhanced the
induced IP-10 production from HaCaT cells, (3) I11.-13
did not influence the TARC and IP-10 production
from HaCaT cells under the same conditions, and (4)
the modulation of TARC and IP-10 production from
HaCaT cells by IL4 was seen in a dose-dependent
manner.

IL4 and IL-13 are considered to be produced by
Th2-type cells,'*'>'? and both cytokines are overex-
pressed in Th2-dominant diseases such as AD'® and
bronchial asthma.'® However, in contrast to these
data, there has recently been some interesting evidence
that IL-4 is involved in the Thl-type responses as



4/ Kakinuma et al.

504 - 1P-10
2000 |-
E L
2 o f
g
&
o)
-3
E’ Loos -
3
so0 -
TARC
1]
001 n 14 " 100

1L-4 concentration (ng/m1.)

Figure 3. The response of TNF-¢ (100 ng/ml) and IFN-y (100 ng/nil)-
Induced TARC or TP-10 production from HaCaT cells at each
concentration for IL-4 ¢#=3).

The TARC production by IL-4 deereased in a dose-dependent
manner. In contrast, the superpatant IL-10 levels increased in a
dose-dependent manner.

follows; (1) IL-4-treated rats in the Thl-type auto-
immune uveoretinitis showed an exacerabation of
general symptoms and IL-4 treatment augmented
IFN-y production.”® (2) In an antigen-induced arthritis
mouse model, the neutralizing anti-IL-4 mAb con-
tributed to control the disease, suggesting that IL-4
may be important for the Thl-type inflammatory
response.’! (3) IL-4 up-regulated the secretion of
IP-10/CXCL10, a ligand for CXCR3 that is prefer-
entially expressed on Thl-type cells, from human
KCs.'® (4) IL4 treatment exacerbated the symptoms
of the T cell transfer mode] of colitis, characterized as
Thl-dominant disease.??

TARC is a member of the CC chemokines and has
an important role for the homing of CCR4*CLA* T
cells in inflamed skin.?® Very recently, we showed that
TARC was strongly expressed in the lesional KCs of
patients with AD, characterized as a Th2-dominant
disease, whereas it was weakly expressed in those of
patients with psoriasis.® Moreover, the serum TARC
levels in patients with AD were significantly higher
than those in patients with PsV, characterized as a
Thl-dominant disease.’, Thus, we suggest that TARC
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may be involved in a pathogenetic role for the Th2-
dominant diseases. IP-10 is a functional ligand for
CXCR3 which is preferentially expressed on Thl-type
cells.” In contrast to TARC, IP-10 is highly detected in
the lesional skin of patients with psoriasis® and is
suggested to be involved in the Thl-type responses.
Although TARC and IP-10 have divergent effects on
the ThI/Th2-type response, both chemokines are
important for the pathogenesis of inflammatory skin
diseases.

In vitro, a recent paper revealed that the HaCaT
cells and the human KCs produced TARC after stimu-
lation with TNF-o and IFN-y.? Furthermore, the
human KCs produced IP-10 after the same stimu-
lation.!® In this study, we confirmed that the TARC
production from HaCaT cells increased synergistically
after stimulation with TNF-o and IFN-y. We also
confirmed that the IP-10 production from HaCaT cells
was ¢enhanced by stimulation with TNF-a, or TNF-u
and IFN-y although the IP-10 production from
HaCaT cells by IFN-y up-regulated less than that from
primary human KCs previously reported.'® Moreover,
we clearly showed that TARC production from
HaCaT cells was inhibited whereas IP-10 production
was enhanced by IL-4 in a dose-dependent manner.
These data strongly suggest that IL.-4 may act not only
as a mediator of Thl-type response but also as a
down-regulator of Th2-type chemokines. This is the
first report describing the inhibitory regulation of
TARC, a Th2-type chemokine, by IL-4.

Previous reports showed that the activation of
nuclear factor (NF)-kB is clearly involved in TNF-a-
induced TARC and IP-10 expression.?*?* Moreover,
Ohmori and Hamilton®® showed that NF-xB and an
interferon-stimulated response element mediated syn-
erpistic induction of IP-10 gene transcription by
TNF-u and IFN-y, However, it is still unclear how the
stimulation with TNF-¢ and IFN-y works for the
synergistic production of TARC. As for the IL-4
signaling, at least two distinct pathways are involved
after triggering the ligation of the IL-4Ru: PI3-kinase
and signal transducers and activators of transcription-
6.7 In terms of the modulation by IL-4, it is suggested
that these two chemokines, TARC and IP-10, may be
directly regulated by IL-4, in other words, independent
of TNF-a- or IFN-y-signaling pathways because our
results clearly showed that co-stimulation with TNF-a
and IFN-y increased both TARC and IP-10 produc-
tion, and that IL-4 influenced the reciprocal effect on
the production from HaCaT cells. To clarify this,
further investigation will be required.

We also examined the involvement of IL-13 for
HaCaT cells and there was no significant response for
TARC and IP-10 production. Although IL4 and
IL-13 have similar biological functions, our results
suggest that this is not the case in the response of



chemokine production. IL-4 binds directly to IL-4Rq
whereas JL-13 binds directly to IL-13Ral or
IL-13Re2."5 In addition, IL-13Re? itself binds to
IL-13 with a high affinity while IL-13Ral requires
IL-4Ra to bind tightly to IL-13.'*?" Thus, IL-13R02
signaling is independent of IL-4, in other words, works
specifically for IL-13. This may result in the divergent
effect of IL-4 and IL-13 on the production of TARC
and IP-10.

In summary, IL4 modulated the TARC and
IP-10 preduction from HaCaT cells in a dose-
dependent manrner. Further investigation is required
whether or not IL4 regulates the TARC and IP-10
production in vivo.

MATERIALS AND METHODS

Reagems

The following cytckines were used in this study;
human recombinant {r) [IFN-y (Peprotec, Rock Hill, NI),
human rTNF-a (Peprotec), human rIL-4 (R&D Systems,
Minneapolis, MN, USA) and human rIL-13 (Peprotec).
Goat anti-human IL-4 mAb (TECHNE Co., Minneapolis,
MN, USA) was also used for the neutralization of human
IL-4 bioactivity, and geat IgG (TECHNE Co.) was used as
an isotype matched control.

Cell cultures

HaCaT cells were kindly provided by Dr Toshio Kuroki,
Institute of Molecular Oncology, Showa University, Tokyo,
Japan. The HaCaT cells were cultured in a 75ml flask in
30 ml Dulbeccos medium (D-MEM) with glutamine contain-
ing 10% [ztal bovine serum (FBS) at 37°C and 5% CO, until
confluence. These cells were then trypsinated, washed and
divided into 1 x 10% in 6-well plates. They were incubated
overnight in 1ml of D-MEM containing 10% FBS until
attached to the surface of the plates. Subsequently, the
medium was replaced with 1 ml of D-MEM without FBS.
Simultaneously, various cytokines such as TNF-u, IFN-y,
[L-4 andfor IL-13 were added. The concentration of each
cytokine was 0.01, 0.1, 1.0, 10 or 100 ng/ml for IL-4, 100 ng/
ml for TNF-a and IFN-y, and 1.0 or 10 ng/ml for IL-13.
When IL-4 mAb was added, a neutralizing concentration of
5 pg/mi was used. These cells were then incubated at 37°C
and 5% CO, and after 24 h, the supernatants of HaCaT cells
were collected and used in this study.

ELISA

We used a 96-well polystyrene coated plate with a
murine mAb against human TARC (TECHNE Co) and
human IP-10 (R&D Systems). The supernatant levels of
TARC or IP-10 were measured according to the standard
ELISA protocols. Optical densities were measured at 450 nm
with a Bio-Rad Model 550 microplate reader (Bio-Rad
Laboratories Inc., Hercules, CA, USA). The concentrations
of these chemckines were calculated from the standard
curve generated by a curve-fitting program. The minimum

Medulation of TARC and IP-10 in HaCaT by IL-4/5

detectable dose of TARC or IP-10 was 7 pg/ml or 5 pg/ml,
respectively. Each sample was tested in triplicate.

Statistical analysis

Data were analyzed using the Mann-Whitney U/ test. A
P-value of less than 0.05 was considered to be statistically
significant.
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KEYWORDS Summary Background: Macrophage-derived chemokine (MDC) is a Th2 type chemo-
Chemokine; kine and its receptor CC chemokine receptor 4 (CCR4) is preferentially expressed on
MDC; Th2 cells. Recent reports demonstrated that MDC is expressed not only by
Keratinocyte; macrophages, dendritic cells and lymphocytes, but also by cultured human ke::ati-
HaCaT cell; nocytes (KCs). However, the regulation of MDC production in KCs by various cytokines

has not been well documented. Objective: In this study, we investigated how Th1/Th2
cytokines regulate MDC production in a human KC cell line, HaCaT cells. Methods:
HaCaT cells were cultured with or without various cytokines for 24 h and RT-PCR was
performed using these cells to evaluate MDC mRNA levels. ELISA was carried out using
supernatant of HaCaT cells to calculate secreted MDC protein levels. Results: MDC
mRNA was weakly expressed in HaCaT cells, and upon stimulation with TNF-o, or IFN-y,
MDC expression was strongly upregulated. The supematant MDC levels when
stimulated with TNF-¢ or IFN-y were significantly higher than those without
stimulation, and were synergistically increased when stimulated with a combination
of TNF-« and JFN-y. Both interleukin-4 {IL-4) and IL-13 inhibited TNF-o¢ and IFN-y
enhanced MDC production 1n HaCaT cells in a dose-dependent manner. Conclusion:
Th2-type cytokines IL-4 and IL-13 downregulate the production of MDC, a Th2 type
chemokine, by KCs. This may partially contribute to maintaining Th1/Th2 batance in
inflammatory skin diseases like atopic dermatitis.

© 2002 Japanese Society for Investigative Dermatology Elsevier Science Ireland Ltd.
All rights reserved,

Atoplc dermatitis

1. Introduction
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position of the first two of the four conserved
cysteine residues, chemokines are classified into
four subfamilies: CXC, CC, C, and CX3C. Keratino-
cytes (KCs) form the outer component of skin and
are known to initfate skin inflammation [3,4]. KCs
synthesize many chemckines including members of
the CC and CXC subfamilies, such as regulated on
activation of normal T cell expressed and secreted
(RANTES), gamma-interferon-inducible protein-10
{IP-10), monokine induced by gamma-interferon
(MIG}) and thymus and activation-regulated chemo-
kine (TARC). They also express some chemokine
receptors that mediate the inflammatory or im-
mune response by attracting various kinds of
leukocytes [5-7].

Macrophage-derived chemokine (MDC/CCL22)
belongs to the CC chemokines and is encoded by
a gene on chromosome 16q13 [8]. It is one of the
functional ligands for CC chemokine receptor 4
(CCR4) and is a chemoattractant for the CCR4
expressing cells such as Th2-type cells and IL-2
activated NK cells [9-11]. In addition, MDC che-
moattracts eosinophils although they have no
expression of CCR4 [12]. MDC is constitutively
produced by dendritic cells (DCs), B cells, macro-
phages, and thymic medullary epithelial cells,
whereas monocytes, NX cells, and CD4* T cells
produce MDC only with appropriate stimulation
[13-16].

A previous report showed that the serum MDC
levels in patients with atopic dermatitis (AD),
considered to be a ThZ-dominant disease especially
in acute phase, were higher than those in healthy
control subjects, and immunoreactive MDC was
observed in dermal DCs and T cells in the lesional
skin of patients with AD [16). We have further
shown that the serum MDC levels significantly
comrelate with the disease activity of AD [17].
These data strongly suggest that MDC is involved
in the pathogenesis of Th2-dominant diseases such
as AD. Recently, it was reported that MDC was also
expressed in the lestonal skins of psoriasis and
allergic contact hypersensitivity (ACH) [18,19].
Moreover, in vitro, KCs produced MDC after stimu-
lation with TNF-« and IFN-y, suggesting that KCs
are one of the main sources of MDC [20].

Interleukin-4 {IL-4) and IL-13 share about 20-25%
homology with each other and have similar biolo-
gical functions such as the production of IgE from B
cells [21,22]. Both cytokines are produced by Th2-
type cells and are reported to play a key pathoge-
netic role in the Th2-dominant diseases AD, bron-
chial asthma, and bullous pemphigoid [23,24].
However, there are also several interesting pieces
of evidence that IL-4 can aid in a Th1-biased
situation; in other words, IL-4 secreted by Th2-

type cells could have an effect on Thi-type
inflammatory response through activation of var-
ious cells including KCs [25-28]. In contrast, it is
unknown whether IL-13 can also be involved in a
Thi-biased situation although both IL-4 and IL-13
share IL-4 receptor « and have similar biological
functions,

We have recently reported that IL-4 but not IL-13
downregulates the TNF-o and IFN-y induced pro-
duction of TARC, which is another ligand for CCR4
and a kind of Th2-type chemokine in human KCs
[25]. However, the regulation of MDC production by
these cytokines in KCs has not been fully identified.
To clarify this further, we investigated the expres-
ston of MDC in HaCaT cells, a human KC cell line.
We measured the supernatant MDC levels in HaCaT
cells after stimulation with TNF-a, IFN-y, IL-4, and
IL-13, and also investigated the effects of dexa-
methasone and tacrolimus on MDC production in
these cells.

2, Materials and methods
2.1. Samples and reagents

Recombinant TNF-«, IFN-y, IL-4, and IL-13 were
from R&D Systems (Minneapolis, MN). Recombinant
MDC, anti-MDC mAb and MDC immunoassay kits
were from Genzyme TECHNE (Minneapolis, MN).
Dexamethasone was from Wako Pure Chemical
Industries, Ltd (Osaka, Japan), and tacrolimus
was from Fujisawa Pharmaceutical Co, Ltd (Tokyo,
Japan). HaCaT cells were kindly provided by Dr
Toshio Kuroki (Institute of Molecular Oncology,
Showa University, Japan) with permission from Dr
N. Fusenig (Institute Fur Zell- und Tumourbiologie.
Deutshes  Kresforschungeszentrum, Heidelberg,
Gemnany),

2.2. Cell culture

HaCaT cells were cultured in 150 cm? cell culture
flasks (Corning, NY) at 37 °C, 5% €O, in minimum
essential medium eagle (MEME) (Sigma, St. Louis,
MO) containing 10% FBS and antibiotics. The cells
received fresh medium every 3 d and were sub-
cultured every 10 days. Fortieth- to seventieth-
passage cells were used in all experiments. When
confluence was achieved, the cells were trypsi-
nized, washed, resuspended in MEME with 10% FBS
at 1x 10° cells/ml, and 1 ml was added to each
well of the six-well plates (Becton Dickinson Lab-
ware, Franklin Lakes, NJ). When the cells reached
confluence, the medium was completely removed
and 1 ml MEME without FBS was added to each well.
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Simultaneously, cytokines or drugs were added,
and the cells were incubated at 37 °C and 5% CO,.
After 6, 12, 24, 36 or 48 h, supematants were
collected, centrifuged to remove cell debris, and
stored at —80 °C until analyzed. Cells were
trypsinized, pelleted, and stored at — 80 °C until
use.

2.3. RT-PCR

Total RNA was isolated using a Micro-FastTrack
2.0 Kit (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. Reverse transcription
and polymerase chain reaction was performed
using a GeneAmp RNA PCR Kit and a RNA PCR
Core Kit (Applied Biosystems, Foster City, CA}, MDC
upstream primer: 5-GCA TGG CTC GCC TAC AGA
CT-3"; MDC downstream primer: 5-GCA GGG AGG
GAG GCA GAG GA-3". The mixture was pre-dena-
turated for 5 min at 94 °C and then subjected to 35
cycles: 94 °C 1 min, 62 °C 1.5 min, 72 °C 2 min,
then 72 °C 7 min. Amplified DNA fragments were
judged from 2.5% agarose gel electrophoresis.
Human B-actin was used as control primer. Up-
stream primer: 5-ACA CTG TGC CCATCT ACG AGG
GG-3'; downstream primer: 5'- ATG ATG GAG TTG
AAG GTA GTT TCG TGG AT-¥. The expected
fragment length was 497 bp for MDC and 340 bp
for B-actin.

2.4. ELISA

The supematant levels of MDC were measured
according to the manufacturer’s instructions. QD
was measured at 450 nm with a Bio-Rad Model 550
microplate reader (Bio-Rad Laboratories Inc., Her-
cules, CA). The concentrations were calculated
from the standard curve generated by a curve-
fitting program.

2.5. Statistical apalysis
Data were analyzed using the Student’s ¢-test. A

P value less than 0.05 was considered to be
statistically significant.

3. Results

3.1, MDC mRNA in HaCaT cells was strongly
upregulated by TNF-a or IFN-y

We investigated the expression of MDC using a
human KC cell line HaCaT cells after 24 h culture.
RT-PCR revealed that when the cells were cultured

1 2 3 4 5
e Rl MDC

Fig. 1 RT-PCR of MDC in HaCaT cells. Lane 1: no
stimutation. Lane Z-5: stimulation with TNF- {lane 2),
IFN-y (lane 3) iL-4 (lane 4) or IL-13 (lane 5). MDC mRNA in
HaCaT cells was strongly upregulated when cultured with
TNF-a or IFN-y, but slightly downregulated when cultured
with IL-4 or IL-13. This is representative data from two
experiments.

without cytokines, MDC mRNA was weakly ex-
pressed (Fig. 1). When cultured with TNF-a (10
ng/ml) or IFN-y (10 ng/mi), this expression was
strongly upregulated, however, when cultured with
IL-4 (10 ng/ml) or IL-13 (10 ng/ml), it was only
slightly downregulated (Fig. 1).

3.2. MDC production in HaCaT cells was
enhanced synergistically by TNF-a and IFN-y

To determine whether MDC protein was secreted
from HaCaT cells, ELISA was performed using
supernatant of the cultured cells in 24 h with or
without cytokines. When HaCaT cells were cultured
without cytokines, the supernatant MDC level was
123.8+1.1 pg/ml (mean+standard deviation)
(Fig. 2). When cultured with TNF-« (10 ng/ml) or

3000
* pe0.08, ** pa.01, *** 00008
i

25001
£
3 2000
2
g 1500
=

1000

s00F -

1]
[ 1101860 1 10100 1 10100
THF-o FFN-y TNF-c + IFN-y
Stimull {ng/ml)

Fig. 2 ELISA of MDC using culture supernatants of
HaCaT cells. Each culture condition was tested in
duplicate. The error bars indicate standard deviation.
This is representative data from three experiments. MDC
production in HaCaT cells was significantly upregulated
when stimulated by TNF-u or IFN-y. When stimulated by
the combination of TNF-c and IFN-y, MDC production was
synergistically upregulated.
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IFN-y (10 ng/ml), the MDC levels were increased to
745.3+12.8 pg/ml (P < 0.005) or 489.2+ 81.1 pg/
ml (P < 0.05), respectively. When cultured with
the combination of TNF-a (10 ng/ml) and IFN-y (10
ng/ml), the MDC level was increased synergistically
to 2374.0 + 246.9 pg/ml (P < 0.01) (Fig. 2). Culture
with IL-4 (10 ng/ml) or IL-13 (10 ng/ml), however,
did not result in a change in MDC level (data not
shown}.

3.3. MDC production induced by TNF-x and
IFN-y in HaCaT cells was increased during the
time course, and reached a saturation point
at 24 h

To examine whether 24 his a good time point, we
performed a time course study of MDC production.
As shown in Fig. 3, the production induced by TNF-
a (10 ng/ml) and IFN-y (10 ng/ml} in HaCaT cells
was increased during the time course, and reached
a saturation point at 24 h. Therefore, in the
following experiments, we cultured HaCaT cells
with or without cytokines or reagents for 24 h and
measured MDC protein levels in the supematants
by ELISA.

3.4. Both IL-4 and IL-13 inhibited TNF-« and
IFN-y enhanced MDC production in HaCaT
cells

To learn whether IL-4 and IL-13 regulate TNF-o
and IFN-y enhanced MDC production in HaCaT cells,

4500

* P05, ** pe0.01, *** pat). 0
40001

3500

-

3000
2500

MDC (pg/mD)

2000( -
1500~~~
1000
500}

0

[ 6 12 24 36 48
Time course (hrs)

Fig. 3 ELISA of MDC using culture supernatants of
HaCaT cells, Each culture condition was tested in
duplicate. The error bars indicate standard deviation.
This is representative data from two experiments. MDC
production induced by TNF-o and IFN-y in HaCaT cells was
increased during the time course and reached a satura-
tion point at 24 h.

MDC levels were measured after adding IL-4 (1-100
ng/mt) or IL-13 {1-100 ng/ml) together with TNF-«
(10 ng/ml) and IFN-y (10 ng/ml). IL-4 inhibited
TNF-o and IFN-y enhanced MDC production in the
cells in a dose-dependent manner (Fig. 4). Inhibi-
tion rate by IL-4 (100 ng/ml) was about 40% (P <
0.0001). Interestingly, IL-13 also inhibited TNF-x
and IFN-y enhanced MDC production in a dose-
dependent manner, and the inhibition rate at 100
ng/ml was also about 40% (P < 0.0001). However,
the combination of IL-4 and IL-13 did not show any
additional or synergistic inhibitory effect on TNF-«
and IFN-y enhanced MDC production (Fig. 3).

3.5. Tacrolimus inhibited TNF-a and IFN-y
enhanced MDC production in HaCaT cells

Determination of whether dexamethasone and
tacrolimus regulate TNF-« and [FN-y enhanced MDC
production in HaCaT cells was made by measuring
MDC levels after adding dexamethasone (10~ 17,
108 and 10~ M) or tacrolimus (10~ 1°, 10—2 and
107° M) together with TNF-o (10 ng/ml) and IFN-y
(10 ng/ml}), As shown in Fig. 5, tacrolimus, but not
dexamethasone, inhibited TNF-x and IFN-y en-
hanced MDC production dose-dependently.

* p<0.0005, ** p<0.000T
3000 s e e ————— e e

0 "0En.110106 En 1 10100 En1 10100
plus IL-4 plusiL-13  plusiL-4

&IL-13
Cytokines (ng/ml)

Fig. 4 ELISA of MDC using culture supernatants of
HaCaT cells. Each culture condition was tested in
triplicate. The error bars indicate standard deviation.
This is representative data from three experiments. Both
IL-4 and IL-13 inhibited TNF-u and IFN-y enhanced (En.)
MDC production in HaCaT cells in a dose-dependent
manner. However, their combination did not show any
additionat or synergistic inhibitory effect on TNF-« and
IFN-y enhanced MDC production.
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Fig. 5 ELISA of MDC using culture supematants of
HaCaT cells, Each culture condition was tested in
triplicate. The error bars indicate standard deviation.
This is representative data from two experiments.
Tacrolimus (Tac.), but not dexamethasone (Dex.), inhib-
ited TNF-o. and IFN-y enhanced (En.) MDC production in
HaCaT cells dose-dependently.

4. Discussion

In the present study, we showed that: (1) MDC
mRNA was weakly expressed in HaCaT cells, and
upon stimulation with TNF-a or IFN-y its expression
was strongly upregulated; (2) the supernatant MDC
levels upon stimutation with TNF-a or IFN-y were
significantly higher than those without stimulation,
and were synergistically increased upon stimula-
tion with a combination of both TNF-a and IFN-y;
(3) both IL-4 and IL-13 inhibited TNF-o and IFN-y
enhanced MDC production in HaCaT cells in a dose-
dependent manner; (4) tacrolimus inhibited the
TNF-o and IFN-y enhanced MDC preduction in
HaCaT cells. This is the first report describing the
regulation of MDC production in a human KC cell
line, HaCaT cells by various cytokines.

MDBC is a functional ligand for CCR4 which is
preferentially expressed on Th2-type cells, and
chemoattracts the CCR4* Th2-type cells into
lesional sites [9,10]. It was previously reported
that the serum MDC levels in patients with AD were
significantly higher than those in healthy control
subjects, and both dermal DCs and T cells were
strongly immunoreactive for MDC in lesional skin of
patients with AD [16]. Recently, we also clarified
that the serum MDC levels significantly correlated
with the disease activity of AD [17]. These findings
strongly suggest that MDC, as well as TARC, another
tigand of CCR4 [30,31], may play a pathogenetic
role in Th2-dominant diseases, MDC is constitu-

tively produced in DCs, macrophages, and thymic
epithelial cells [11,14,16]. In addition, several
kinds of leukocytes such as T cells can produce
MDC after stimulation with proinflammatory cyto-
kines [16]. As for the regulation of MDC production
in leukocytes, previous studies showed that MDC
production in DCs was upregulated by IL-4 and IL-
13, whereas it was inhibited by IFN-y [13]. It was
further shown that T cells and monocytes produced
MDC after stimulation with IL-4 [15,16]. Thus, the
upregulation of MDC production in leukocytes
depends upon the Th2-type cytokines IL-4 and IL-
13. In our study, the expression and production of
MDC in HaCaT cells was upregulated after the
addition of TNF-¢ in combination with IFN-y, a
Thi-type cytokine. It was also reported that MDC
was expressed in the lesional skins of psoriasis and
ACH, which are considered to be Th1-dominant
diseases [18,19]. In both these diseases, Thi
chemokines IP-10 and MIG are believed to be
selectively involved in the T cell homing to the
epidermis, but Th2 chemokines TARC and MDC are
also involved in the T cell trafficking to the dermis
together with Th1 chemokines [18,19]. This study
also showed that TNF-o and IFN-y enhanced MDC
production was inhibited by addition of IL-4 or JL-
13, a Th2-type cytokine. These results suggest that
MDC production is differently regulated between
KCs and leukocytes.

It is well known that IL-4 plays an important role
in Th2-type responses [21]. However, interestingly,
recent reports revealed that IL-4 also influences
the Thi-type responses as follows: (1) In an
antigen-induced arthritis mouse model, the neu-
tralizing anti-IL-4 mAb contributed to control of
the disease, suggesting that IL-4 may be important
for the Thi-type inflammatory response [25]. (2)
IL-4-treated rats in the Thi-type autoimmune
uveoretinitis showed an exacerabation of general
symptoms and IL-4 treatment augmented IFN-y
production [26]. (3) IL-4 upregulated the secretion
of IP-10, a ligand for CXCR3 that is preferentially
expressed on Th1-type cells, from human KCs [27].
(4) IL-4 treatment exacerbated the symptoms of
the T cell transfer model of colitis, characterized
as a Th1-dominant disease [28]. Our data that MDC
preduction was inhibited by IL-4 also supports the
idea that IL-4 could be involved in Th1-type
response. Furthermore, Albanesi et al. reported
that KCs appear considerably more sensitive to
Th1- than Th2-derived lymphokines in terms of
chemokine release [20]. Our result that IL-4 in-
hibited MDC production by KCs is also consistent
with their idea that KCs generally favor Thi
response,
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In this study we clearly showed that TNF-« and
IFN-y enhanced MDC production in HaCaT cells.
Very recently, Horikawa et al. demonstrated MDC
immunoreactivity in the epidermal layer of AD skin,
but not in normal or psoriatic skin [32]. Taken
together, it is possible that MDC production by KCs
in AD skin is partially involved in the pathogenesis
of the disease. AD is generally considered to be a
Th2-dominant disease especially in the acute
phase, but it is reported that in the chreonic phase
Tht cells also infiltrate into the lesional skin and
play a role in the pathogenesis of the disease [33].
Th2- and Th1-type immune responses are not
mutually exclusive, but a human inflammatory
disease like AD is based on interactions between
different Th-cell subsets [33]. MDC production by T
cells and DCs is upregulated by IL-4, however, its
production by KCs is downregulated by the same
cytokine. Differently regulated MDC production by
leukocytes and KCs may partially contribute to
maintaining Th1/Th2 balance in an inflammatory
skin disease like AD. Leukocytes-mediated Th2 and
KCs-mediated Th1 environments are not mutually
exclusive, but possibly separated spatially (dermis
vs. epidermis) and maybe consequently (acute vs.
chronic} in the pathogenesis of AD.

We recently reported that the TNF-a and IFN-y
enhanced TARC production in HaCaT cells was
inhibited by IL-4 but not by 1L-13 [29]. This study
showed that both cytokines inhibited the TNF-a and
IFM-y enhanced MDC production, although there
was no synergistic inhibitory effect of these two
cytokines, suggesting that IL-13 had the effect on
HaCaT cells mainly through IL-4 receptor. The
reason there is a difference in the regulatory effect
of IL-13 between TARC and MDC production in
HaCaT cells remains unclear and further investiga-
tion will be necessary. In the present study,
tacrolimus inhibited TNF-a and IFN-y enhanced
MDC production in HaCaT cells dose-dependently.
When both tacrolimus and IL-4 were added to
HaCaT cells simultaneously, they additionally in-
hibited TNF-« and IFN-vy enhanced MDC production
in these cells (data not shown), These results
suggest that an immuncmodulatory reagent like
tacrolimus is effective in treating AD, possibly in
part due to the inhibition of MDC production by
lesional KCs.

fn summary, the Th2-type cytokines IL-4 and IL-
13 downregulate the TNF-o. and IFN-y enhanced
MDC production by KCs, suggesting the inhibition of
Th2 amplification circuit in the skin. This may
partially contribute to maintaining Th1/Th2 bal-
ance in inflammatory skin diseases {ike AD.
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Abstract

Thymus and activation-regulated chemokine (TARC/CCL17) contributes not only to the recruitment of leukocytes,
but is also involved in immune disorders, such as atopic dermatitis (AD} and bronchial asthma. We have previously
reported that the levels of TARC were high in patients with AD and that lesional epidermis were strongly
immunoreactive for TARC. In this paper, the effects of transforming growth factor (TGF)-PB; on the expression of
TARC/CCL17 were examined in HaCaT cells, 2 human keratinocytes (KCs) cell line, co-stimulated with TNF-x and
IFN-y. We found that TGF-B, down-regulated the TARC synthesis and secretion of HaCaT cells co-stimulated with
TNF-o and IFN-y in a dose-dependent manner. TGF-B; at a concentration of 10ng/ml] maximally inhibited this
secretion. Northern blot analysis showed a similar inhibitory effect of TGF-P; on TARC mRNA expression by HaCaT
cells. The TGF-By-induced down-regnlation of TARC/CCL17 in HaCaT cells suggests that TGF-f; might regulate the
TARC-related inflammatory processes, which may be important for understanding the pathogenesis of allergic
diseases.
© 2002 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Chemokines; Keratinocytes; Thymus and activation-regulated chemokine/CCL17; Transforming growth factor-p,

1. Introduetion

Abbreviations: TGF-py, transforming growth  factor-By; Chemokines have been identified as attractant
TARC, thymus and activation-regulated chemckine; JFN-y, of different type leukocytes to sites of infection
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trafficking and homing and in the development of
lymphoid tissues [1,3). Chemokines are a large
family of chemotactic cytokines that can be
divided into four subfamilies: CXC, CC, CX;C
and C depending on their first two N-terminal
cysteine residues [1-3]. Among them, thymus and
activation-regulated chemokine (TARC/CCLL!7) is
a member of the CC chemokines, and is expressed
constitutively in the thymus and in stimulated
peripheral blood mononuclear cells [5]. TARC is
produced by monocyte-derived dendritic cells,
endothelial cells and keratinocytes as well [6-8].
TARC functions as a selective chemoattractant
and serves for the recruitment and migration of T
cells that express CC chemokine receptor 4
(CCR4) [9].

Atopic dermatitis (AD) is a chronic relapsing
dermatitis which often shows high levels of serum
IgE and peripheral blood eosinophilia. Th2 cyto-
kines, IL-4 and IL-5, are thought to contribute to
the formation of dermatitis in the acute phase. We
have previously shown that TARC was expressed
in epidermal keratinocytes (KCs) in the lesional
skin of Nc/Nga mice, a mouse model for atopic
dermatitis {AD), and in the lesional skin of
patients of AD [8,10]. In addition, recent papers
have reported that the antibody (Ab) against
TARC reduced the developments of allergic air-
way inflammation and hyper-responsiveness [11].
Thus, these data indicate that the local production
of TARC may greatly contribute to the initiation
and maintenance of Th2 type inflammation. It has
been reported that cytokines such as TNF-o, IFN-
¥ or IL-10 modulated TARC secretion of KCs
[12,13).

TGF-$; is an immunosuppressive agent and is
efficacious in suppressing a wide variety of im-
mune responses. TGF-B; has been reported to
regulate CCR4 expression and CLA expression on
T cells [6]. It has been reported that TGF-f, gene
polymorphism (+ 915C allele) was frequently
detected in patients with AD, especially in severe
cases, indicating the important role of TGF-; in
the pathogenesis of AD [14]. There has been no
report on the investigation of TGF-B,-induced
regulation of TARC of HaCaT cells. Therefore, to
clarify the mechanism by which local TARC
secretion regulate the inflammatory process, we

determined whether TGF-p; modulated the pro-
duction of TARC by HaCaT cells co-stimulated
with TNF-o and IFN-y,

2. Materials and methods
2.1, Reagents and antibodies ( Abs)

The following reagents and antibodies (Abs)
were used in the experiments. The cytokines used
were recombinant human (rh) TNF-o (Peprotech
Inc. London, UK), rhIFN-y (R&D Systems Inc.
Minneapolis, MN) and rhTGF-B;, (Techne Co,
Minneapolis, MN). Goat anti human TARC Ab
(Techne Co.) was used in the Western blotting.
Rabbit anti TGF-p; mAb (R&D systems.) and
rabbit IgG (Cedarlane Co. Ontario, Canada} were
used in the neutralizing experiment.

2.2. Cell culture

HaCaT cells, a human KCs cell line, were
cultured in RPMI 1640 and 10% fetal calf serum
with penicillin (Spg/ml) at 37 °C, 5% CO,. The
concentrations of TGF-B; added to the culture
medium were 0.1-20 ng/ml. The cytokines were
added when the cultures reached 75% confluence,
The supernatants were harvested 24 h after
stimulation and stored at —70 °C until further
analysis. The cells were then trypsinized and stored
at —70 °C for Western blotting or mRNA
analysis,

2.3. ELISA

ELISA was performed using a TARC detecting
kit (Techne Co.), In brief, samples were added to
cach well and were incubated for 2 h at room
temperature {(RT). After washing, anti-TARC Ab
conjugated to horseradish peroxidase (HRP) was
added to each well. The plates were incubated for 1
h at RT. After washing, a substrate solution
(including tetramethylbenzidine) was added and
incubated for 30 min, The optical density of each
well was determined using an ELISA reader
(Spectra and Rainbow Readers). The minimum
amount of TARC detectable was less than 7 pg/ml.
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ELISAs were performed at least three times in
each experiment.

2.4. Western blot analysis

Cells were suspended in lysis buffer (5 mM
Tris—-HC], pH 7.6, 150 mM NaCl, 5 mM EDTA,
0.15% Triton X-100, 2 mg/ml aprotitin, 1 mM
PMSF, 1 mM pefabloc) and sonicated on ice for
I0 s. The cell lysates were then cleared by
centrifugation at 12000 x g for 15 min at 4 °C
and the supernatants were used for Western
blotting. Total protein concentration of each
sample was quantified by the Bio-Rad assay
method (Bio-Rad, Hercules, CA). Proteins (50
pgllane) were separated by SDS-—polyacrylmide
gel electrophoresis and then were transferred to a
PVDF membrane, After the transfer, the mem-
brane was blocked overnight at 4 °C. The mem-
brane was incubated with purified goat anti-
human TARC mAb (Techne Co.) diluted 1:2000
in blocking buffer for 2 h at room temperature,
After washing, the membrane was incubated with
alkaline phosphatase (ALP)-conjugated anti-goat
IgG (ICN Pharmaceuticals Inc., Auora, OH)
diluted 1:2000 for 1 h at RT. The blots were
developed using an AP Conjugate Substrate Kit
(Bio-Rad, Hercules, CA).

2.5. Northern blot analysis

Total RNA was collected from the cells using
lysis buffer (38% phenol, 0.8 M guanidium thio-
cyanate, 0.4 M ammonium thiocyanate, 0.1 M
NaAc). Twenty micrograms of total RNA was
mixed with MOPS, formaldehyde, and formamide,
and was incubated at 65 °C. After chilling on ice,
RNA was fractionated on a 1.5% agarose gel.
RNA was then transferred onto nylon-membranes
(Zeta-probe membranes, Bio Rad, Hercules, CA)
and UV-crosslinked. The membrane was incu-
bated in pre-hybridization solution (0.5 M
Na,HPOQ4, pH 7.2 and 7% SDS) for 2 h at
68 °C, and subsequently hybridized for 24 h
with a ¢DNA probe labeled with digoxigenin
(DIG)-dUTP using PCR amplification. After
washing stringently, the cDNA-mRNA hybrids
were visnalized using DIG nucleic acid detection

kit (Roche, Germany). The probes were 511 bp
¢DNA for TARC and 504 bp cDNA for B-actin.

For cDNA probe synthesis, polyA* mRNAs of
HaCaT cells were extracted using a Micro-Fas-
tTrack™ 2.0 kit (Invitrogen Co., Carlsbad, CA).
One microgram of polyA* mRNA was reverse-
transcripted using a cDNA CYCLE™ kit (Invi-
trogen Co.). PCR labeling mixture included
c¢cDNA, each primer (25-50 pmol), MgCL,,
dNTP, DIG-dUTP (Roche, Germany), Taq pely-
merase (TaKaRa, Tokyo, Japan). Cycling condi-
tion was as follows: 40 cycles of denaturation at
95 °C, annealing at 57 °C and extenstion at
72 °C. After PCR, the probe was precipitated
and purified. The primer sequences used were as
follows; TARC sense; 5° CAC GCA GCT CGA
GGG ACC AAT GTG 3, TARC antisense; 5
TCA AGA CCT CTC AAG GCT TTIG CAG G
3. P-actin sense; 5° GAC TAT GAC TTA GTT
GCG TTA ¥, B-actin antisense; 5 GCC TTC
ATA CAT CTC AAG TTG 3.

2.6. Statistics analysis

TARC levels produced by HaCaT cells un-
stimulated or treated with cytokines were de-
scribed in mean tstandard deviation (S.D.). The
statistical analyses were performed by ANOVA
for comparing TARC levels among different
groups (such as control and TGF-f; groups).
For the statistical analysis of the correlation
between TARC levels and the TGF-B; concentra-
tions, non-parametric Spearman’s correlation was
applied. P <0.05 was considered to be significant.

3. Results

HaCaT cells were cultured to about 75% con-
fluence and were co-stimulated with IFN-y (10 ng/
ml) and TNF-e (10 ng/ml). After the co-stimula-
tion with IFN-y and TNF-« for 24 h, the level of
TARC in the culture medinm was 1108.3 £82.7
pg/ml compared to 94.4+2.5 pgfml for HaCaT
cells without stimulation, consistent with a pre-
vious report [12). The TARC levels in the culture
supernatants were measured by ELISA after 24 h
incubation (Fig. 1). The inhibition of TARC



